ANALI ZA POgKODB

Ul NI NA|l RT P REURSEIYALABUS
Predmet: Analiza poGkodb
Course title: Failure Analyses
| l anica nosi | ULNTF
Member:
gtudi jski progragtudijska snlLetnk Semestri  Izbirnost

Metalurgija in materiali, drigjapnja, N

magistrski

L'l eni tve 2letnk 1.semestel izbirni

program)

Univerzitetna koda predmeta/University course code: 0067975

Koda ulLne enot
Predavanja Seminar
/Lectures /Seminar

40 0

Nosilec predmeta/Lecturer:

Izvajalci predavan;j:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajalci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoj i za vklIj
Gtudijskih obyv
Pogoj za vkliju
Gtudijskih obyv
l zdel a

pogoj za pristop k pisnemu in ustnemu izpitu.

Vsebina:
Mehani z mi nast
mehani z mi nast

e na LIl ani 872
Vaje Kl i ni L Drugeoblike Samostojno ECTS
[Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
20 0 0 60 4
Al eG Nagode, Borut Kosec

Izbirni / Elective

Predavanja/Lectures:
Vaje/Tutorial:

Sl ovenGLi na
Sl ovenGLi na

uli t ev \ Prerequisites:

eznosti:

Li t ev v  Thecondition to attend in the teaching course ar
eznost i perform study obligations is an entry in the secol

n a predsiavljersa prejéktnaonaloge year of study.

Completed and successfully presented project w
required before taking the written and oral
examination.

Content (Syllabus outline):
n a g Mechanisms of failures and damages formation.
p o ( most frequent mechanisms of damages formatio

anka
anka

obraba, utrujanje, temperaturno utrujanje, korozi fracture, brittle fracture, wear, fatigue, thermal fa




utrujanjenapet ost na
napetosti.

l dentifikacija poGkodt
Preiskovalne metode. Fizikalne metode: mehans
preiskave, metal ograf s
korozijski testi Prei
0 p t imétode, metoda replik, preiskave s
penetranti, radiografija, nevtronografija, magnetr
preiskave, preiskave z ultrazvokom.

Napake pri izdelavi in eksploat@qgiimeri.
gtudija primerov poGkc
Model iranje. Numer i Lne
Standard Predpisi. Patenti.

|l zdel ava eksperti z, p C
Metodologija, zahteve in pravila izdelave mnenj :
sodi GL a, zavarovalnice
Predstavitve.

Projektna naloga. Samostojna izdelava ekspertiz
izvedeni Gkega mnenj a.

korozi j

Temeljna literatura in viri/Readings:

corrosion fat.i str
residual stresses.

Identification of failures amhmages. Analyses.
Examination methods. Physical methods: meche
testing, metallographic examination methods,
chemical analyses, corrosion tests:déstructive
testing methods: optical examination methods,
replicas methods, examinations by penetrants
radiography, neutronography, magnetic examina
ultrasonic examination.

Failures at manufacturing and exploitation
examples.

Study of cases of damages and machines break
Modeling. Numerical simulations.

Standards. Rules. Patents.

Working and pigaration of exspertises, reports ar
expert elaborates. Methodology, requirements al
rules of work and preparation of expert elaborate
courts, insurance companies and other clients.
Presentations.

Project work. Individual preparation of expertise
expert work.

gue,

TIMMINS, F.P. Fracture Mechanics and Failure Control for Inspectors and Engineers. Materials P

ASM International, 1994.

DAS, A.K. Metallurgy of Failure Analysis, New York: Mc@idil, 1996.

Handbook of Case Histories in Failure Analysis. Materials Park Ohio: ASM International, 1992.
Allianz Handbook of Loss Prevention. BélMinchen: Allianz Versicherungs AG, 1987.

Von AKEN, C.D., HOSFORD, F.W. Reporting RestiksPractical Guide for Eimgeers and Scientists.

Cambridge: Cambridge University Press, 2008.

TOTTEN, G.E., HOWES, M.A.H., TATSUO, |. Handbook of Residual Stress and Deformation of Si

Materials Park Ohio: ASM International, 2002.
Predpi si 10:

Lj ubl yiatehmikov,20i® z a

strojnih inHet

MATTHEWS, C.A. Guide to Presenting Technical Information. London: Professional Engineering

Publishing, 2000.

MONTGOMERY, C.D. Design and Analysis of Experiments. Haboken: John Wiley & Sons, 2009.
QUA H.-C., TAN C:S., WONG K-C. Appliel Engineering Failure Analysis: Theory and Practice, CR(
Press, Taylor & Francis Group, Boca Raton, 2015.

KOSEC B. ,
2017.

NAGODE A. ,

Cilji in kompetence:

Namen predmeta Anal i zce¢
poznavanje in uporabo metod identifikacije in an
napak in poGkodb. Poke
nastanka poGkodb in ne
izdelkih, konstrukcijah, delih orodij, strojev imanay

Spoznat. Gtudente s st
Nauliti sistemati ke ar
ekspertiz in izvedeni (
Pridobljena teoretilne

uporabo preiskovalnih metod, modelov in simula
ter izdelavo memja o konkretnem kompleksnem
problemu v okviru projektnega dela.

KOSEC G.

Analiza napak

Objectives and competences:

The purpose of the Failure analyses course is to
increase the students¢
methods for identification and analyses of failure
modes, errors and defects in manifold yortsq
structures, parts of tools, machinery and equipm
Show the typical phenomena and forms of failure
modes, damages and defects in various materia
To acquaint students with the standards, regulat
and patents.

Learn systematic analysis andaresexnd to value
expertise and expert opinions.

Upgrade an acquired knowledge with the use of
investigative methods, models and computer
simulations within the scope of deliberations and
complex project case study.



Predvideni Gtudijski r Intended learning outcomes:

gtudent pridobi z n anj & Student acquire knowledge about the mechanisr
poGkodb ter obvlIl ada pr failure modes and mastered investigative methot
za njihovo objekti vno andtoolsfortheir objective engineering analysis
vrednotenje. evaluation.

V okviru praktiLlLnega c Inpractical work is familiar with typical examples
prakti Lni mi jpadbimmapakinz ¢ breakdown, failure and defects in various materie
uLiteljem ter kol egi ¢ and products. Within the scope of deliberations v
reGitve. teachers and colleagues analyzes and presents
gtudent nadgradi p r i d c conclusions and solutions for the case studies of

uporabo preiskovalnih metod, modelov in simula
Razumevanje vsebin in stopnjo obvladanih znan
dokaHe z izKHehhwet mamr
primeru.

practical failures.

Student has to demonstrate his unaedéng of
content and level of skills by making an expert
opinion on the case study of engineering.

Met ode poulevanja in
Predavanja. Timsko in
probl emov. RalLunal ni Gk
eksperimentao delo. Raziskovalno delo in projek

Learning and teaching methods:

Lectures. Team and independent problem
solving. Computer simulation and
experimental work. Research work and project

naloga. work.

Nalini ocenjevanj a Del eH/ V Assessment:

ocena projektnega dela 45,00 % themark of project work

ocena pisnega dela izpita 25,00 % the mark of written examination
ocena ustnega dela izpita 30,00 % the mark of the oral examination

Reference nosilca/Lecturer's references:
KOSECB, KOVAIl I |l G.,

9 (2002) 5, 66309.

KOSEC G.NAGODEA.,, BUDAK | ., KOSECIBI Failre of the pinion from the drive of a
cement mill. Engineering Failure Analysis, 8 (2011) #5450

NAGODEA.,, KL AN| NI KHBARCZCYVYELH. KOSECB.,GOJ | i M. , KOSEC
defects on the surface of hot plates for an electric stove. Engineering failure analysis. 23 {8012) 2:
KOVAI EVI | D. , B U D,AKGODE A., KBSET B.FEMAModeling and analysis in
prevention of the waterway dredgers crane serviceability failure. Engineering failure analysis. 28 (2
3283309.

| VANIT 1., KOJgWASE.B, KGEOSEL F., Bl ZJAK M., tG
treatment on fracture surface morphology of the CuAINi shape memoBngilogering failure an@lysis
(2017), 8®2.

NAGODE A., JERINA K., JERMAN I., VELLA D., BIZJAK MKOSEC B, KARPE B., ZORC B. The
effect of selyel boehmite coatings on tieerosion and decarburization of C45 steel. Journalgai sol
science and technology. 86 (2018) 2583

ZORC M.,NAGODE A., KOSEC B., ZORC B. Determining the degree of admixing rate of the base
material and the melting efficiency in singéal surfacwelds using different methods, including new
approaches. Materials. 12 (2019} 15 (1479).

ZORC B., ZORC MKOSEC B., NAGODE A. Effect of the shape of styremerylonitrile watdilter
housings on the destructive pressure,-andigition, propadgemn conditions and fracture toughness of
styreneacrylonitrile. Polymers. 12 (2020}22.1

K O S E C arlLaircraft whed. ErgjineeriRgilureaAndtysiay



FIZIKALNA METALURGIJA 2

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Fizikalna metalurgija 2
Course title: Physical Metallurgy 2
| l anica nosi | ULNTF
Member:

gtudi jski
Metalurgija in materiali, druga stopn N i
magistrski program)

progragtudiijska
Ll enitve

Semestri  Izbirnost
1.semestel obvezen

s n Letnik
1.letnik

Univerzitetna koda predmeta/Universitycourse code: 0067979

Koda ulLne enote na LI ani 854
Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
45 10 25 0 10 90 6
Nosilec predmeta/Lecturer: BoGtjan Mar kol i, l zt ok Naglil

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Vaje/Tutorial:
Pogoji za VvkljulLitev
Gtudijskih obveznosti
Veljajos pl o Gni pogoj i za ¢
Pogoj za VvkljulLitev v
Gtudijskih obveznosti

drugostopenj skega Gt uc
laboratorijskih vajah. Prisotnost pri predavanijih il
seminarskih vajahskladu s pravili UL. Do frekven
SO upravileni VsSi, K i
predpise UL. K ustnemu izpitu lahko pristopijo tis
pozitivho opravljenimi testi, seminarskimi
obveznostmi ali s pozitivnho oceno pisnega izpita
izpolnjenimi semarskimi obveznostmi.

Predavanja/Lectures:

Obvezni / Compulsory

Sl ovenGLi na
Sl ovenGLi na

Prerequisites:

Subject to general conditions for the second cycl
studies. The condition for inclusion in the work o
undertake work commitments is an entry in the I.
year study of Appeal. Attendance at the lab.
Attendance at lectures and tisisrin accordance
with the rules of University of Ljubljana (UL). The
professor’s signature is awarded to all students
comply with regulations regarding the lecture an
laboratory presence at UL. The oral examination
be given access to those \pibsitive tests from,
obligations or seminar with a positive assessmer
the written exam and fulfilled the obligatory semi




Vsebina:

Struktura kovinskih
povezavi z lastnostmit@o Hn o s t i
karakterizacije s sodobnimi metodami na
sploGno(TEM, HRTEM, SI1
DSC itd.) Struktura tretjega stdnjazikristalnega ir
obravnava doseHkov na
Di slokacije, dvojlLenje
rekritalizacija. Trdne raztopine in substitucijska 1
intersticijska difuzija. Strjevanje kovinskih talin.
Nukleacija in rast. Fizikalnoe t al ur Gk e
zgradbe binarnih in ternarnih zlitinskih sistemov.

me
nj e

Fazna ravnoteHja (reak
teh sistemih. Fizikalmne t al ur Gk e z ¢
termodinamske znalilnc
evtektilLnega, perltekt
sintektilnega in et at
pri mer. na tehniLnlh .

poteka v zlitingk sistemih v trdnem stanju
(evtektoidna, peritektoidna, metatektoidna itd.
premena) S primer. prc
urejevanja. Martenzitne premene. Precipitacija ir
utrjevanje. Scheilova metoda napovedovanja CC
diagramov na osnovi TTT diagramov. Pastist/
oshov napovedovanja konstitucije zlitinskih siste
na osnovi fizikalnr&emijskih lastnosti kemijskih
elementov. Modeliranje zgradbe zlitinskih sistem
napovedovanje faznih r
programskih paketov.

Temeljna literatura in viri/Readings:

Content (Syllabus outline):

The structure of metallic reaials and its
characteristics in relation to the properties and
possibilities of its characterization using modern
methods in general (TEM, HRTEM, STEM, AFM
XPS, AES, DSC, etc..) Structure of the third stat:
matterquasicrystalline and evaluation of
achievements in the field of metallic glasses.
Dislocations, twinning and deformation. Recover
and recrystallization. Solid solution and substitut
and interstitial diffusion. Solidification of molten
metal. Nucleation and growth. Physiegallurgical
basics of binary and ternary alloying systems. Pl
equilibria (reactions and transformations) that oc
in these systems. Physiocetallurgical fundamental
and thermodynamic characteristics of reactions
features of eutectic, peritectic, monotectitgtewutic,
sintectic type and practical examples of technica
alloys. The treatment of transformations in the
alloying systems in solid state (eutectoid, peritec
metatectoid etc. transformation), examples of
decomposition and ordering processes. Nitden
transformation. Precipitation and hardening.
Scheilova forecasting method based on the CCT
diagrams, TTT diagrams. Presentation of the ba:
constitution of alloying forecasting systems base
physicechemical properties of chemical elements
Modeling building alloying systems and phase
equilibria prediction using software packages.

David A. Porter, Kenneth E. Easterling, Mohamed Y. Sherif, Phase Transformations In Metals Anc

3rd Edition,
2010

Marinkov L , V., Fi zi kal na

met alurgija Il , (OMM,N

R. Abbaschian, L. Abbaschian, R.E. RiéiedPhysical Metallurgy Principles, Fourth Edition, Sl,

CENGAGE Learning, 2010

Markoli, B., Fizikalna metalurgija I: ternarni in kvaterni sistemd 2.1 Lj ubl j ana:

Nar

fakulteta, Oddelek za materiale in metalurgijo, 2009. |SBIE195MI 767-8

Cilji in kompetence:

Cilj je Gtudentu/ ki de
(podprta s pr avat/ijlniom
razumevanje povezave med fizikékrijskimi
lastnostmi elementov in njihovimi interakcijami v

zlitinskih sistemih. ¢
pridobijo kompetence r
metalurgije, ki se pos
zlitinskih sistemov ir
strjevanju, procesov ¢
premenlnf|2|kalnmet alur Gki h pr

in iz njih izhaJaJoLe

Objectives and competences:

The goal is to deliver the necessary thedretica
knowledge (supported with practical examples) t
a student in order to enable him/her to understar
the relationship between the physitemical
properties of elements and their interactions in tt
alloying systems. Students learn and acquire ski
the field of physical metallurgy, which deals with
issue of the constitution alloying systems and
heterogeneous equilibrium solidification,
solidification processes, precipitation hardening,
changes and physioattallurgical processes in the
solidand the resulting structure of metallic materi



Predvideni Gtudijski r Intended learning outcomes:

Znanje in razumevanje: Knowledge and understargtin

Deklarativno znanje: Spoznati in razumeti princig Declarative knowledge: To learn and understanc
fizikalne metalurgije, ki vplivajo na lastnosti in principles of physical metallurgy governing the
obnaGanj & kaviemslk!|l ov 1 properties and behavior of metallic materials on
gtudentje naj bi d o s e ¢ higher level. Students should achieve the level o
fizikalne metal ur gi j e knowledge inthe field of physical metallurgy (bof
jim daje kompetentnost pri razumevanju in vplive theoretical as well as practical) that will make the
na koncept struktudastnostuporaba. competent in understanding and influencing the

concept structuspropertiegpurpose.

Met ode poulevanja i n L Learningandteaching methods:

Predavanja, konzultacije, seminarji, laboratorijsk Lectures, consultations, seminars, laboratory wo
vge, sodelovanje na aktualnih projektih. participation in current projects.

Nalini ocenjevanja Del eH/ V Assessment:

Test v semestru 30,00 % Test in the semester

Ustni izpit 30,00 % Oral exam

pisni izpit 30,00 % examination

seminar 10,00 % seminar

Reference nosilca/Lecturer's references: A

SKOBI R, Danijela Anica, AQWADREKAQ L | M a t Brea@dteyizaliah b khe
carbides in the steel X20CrMoV12.1 used in thermal powerSahtsterface a@g@b8, vol. 40, no. 3/4,
str. 51H17.

MARKOLI , ,BoBEINlanNA, Toni ca, ZUPANI | , Franc.
metallic AIMn-Be alloyCroat. chem. a&ta. 2010, vol. 83, no. 1, st-549
ZUPANI | ,MARRKaQlcl,, BoGtj an, BI@ANILINA, |Tzamikca. T

investigation of phase equilibria in theidd corner within the ternary-Min-Be systenidournal ofals and
compountiBSN 09248388. [Print ed.], 5. sep. 2013, vol. 570, stt.3R2Graf. prikazi, doi:
10.1016/j.jallcom.2013.03.048. [COBIS®.26835862] )

NAGLI |, SAMARIDg! JA, Zoran, DELIJIIl, Kemal, K
MA RKOL | tjan. BymtEesis of an-Mn-based alloy containing in ditimed quasicrystals and
evaluation of its mechanical and corrosion properties. JOM : The journal of minerals, metals and n
society. 2018, vol. 70, no. 11, str.-2693. ISSN 1044838. DI: 10.1007/s118301829456.
[COBISS.SID 1731679]

NAGLI | ,, IzE®DSKOVAR, Bl aH, MARARDIJ, JBiuétsoaGa onthe
formation of phases in castMh-based alloys. Intermetallics, ISSN -@386. [Print ed.], 2021, vol. 136,
1-6, doi: 10.1016/j.intermet.2021.107263. [COBHEBE3218563]



FIZIKALNA METALURGIJA JEKEL

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Fizikalna metalurgija jekel
Course title: Physical Metallurgy of Steels
| l anica nosi | ULNTF
Member:
gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost

Metalurgija in materiali, druga stopn N i

magistrski

Univerzitetna koda predmeta/University coursecode:

Koda ulLne enot
Predavanja Seminar
/Lectures /Seminar

45 10

Nosilec predmeta/Lecturer:

L'l eni tve 1letnik 2.semestel obvezen
program)
0067980

e na Ll ani 861

Vaje Kl i ni L Drugeoblike Samostojno ECTS
[Tutorials /Clinical Gtudi delo

tutorials /Other forms  /Individual
of study student work
35 0 0 a0 6

Al eG Nagode

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za VvkljulLitev
Gtudijskih obveznosti
Opravljene vse vaje in seminapagoji za pristop k
izpitu

Predavanja/Lectures:

Obvezni / Compulsory

Sl ovenGLi na
Sl ovenGLi na

Prerequisites:

The condition for taking an examination are
successfully completed tutorials and seminars

Vsebina: Content (Syllabus outline):

Fizikalna metalurgija jekla: Physical metallurgy of steel:

1 Jekla 1 Steels

1.1 gelezo in inter st illlronand interstitial solid solution allotropy,
poli morfizem, pr emene, polymorphism,transformations, carbon and nitro
1.2 Utrjevanje Hel eza iniron;

utrjevanje, trdne raztopine, disperzijsko utrjevanj
kristalno zrno; A
1. 3 Ravnot e Huogljik, dgljikowa jelda;

1.2 The strengthening of iron and alloys: work
hardening, solidolution, dispersion hardening,
crystal grain



tvorba avstenita, transformacijstenita v ferit,
cementit, perlit;

1.4 Legirni elementi: porazdelitev v jeklih, vpliv n
mikrostrukturo; transformacije avstenita v marter
v bainit, acikularni ferit, kinetika faznih transform
(TTT, CCT);

1.5 Prekaljivost jekel, kalilne napetosti;

1.6 PopuGLanje

1.7 Toplotne obdelave

Spoznajo: toplotne obdelave jekel: normalizacijo
Harjenja, kaljenje, pc
austempering, toplotne obdelave s podhladitvijo,
toplotne obdelave visokotrdnih jekel;

1.8 Utrjevanje gbdelaveGi r
lokalna kaljenja;

1.9 Meritve in kontrol
kontrola ogljika; wvarr
1.10 Toplotna obdel ave

obdelava orodnih jekel, toplotna obdelava nerjav
jekel in temperaturno obstojnih zlitin;

1.11 Napake pri toplotni obdelavi; kontrolni postc
za toplotno obdelavo jekla in zlitin;

1.12 Jekla: ogljikova jekla, legirana jekla, maragi
jekla, viskokotrdna malolegirana jekla, jekla z du
mikrostrukturo, nerjavna jekla, orodna jekla, jeklz
prahov;

Temeljna literatura in viri/Readings:

1.3 Ironcarbon equilibrium diagram, carbon stee!
austenite formation, austenite to ferrite
transformation, cementite, perlite

1.4 Alloying elements: distribution in steel, their
influence on the microstructure; transformation o
austeniteni martensite (bainite, acikular ferrite),
kinetics of phase transformations (TTT, CCT)
1.5 Hardenability of steels, quenching stresses;
1.6 Tempering,

1.7 Heat treatments

Steel Heat treatment: normalisation, annealing,
quenching, tempering, martemperiagteampering,
heat treatments with undercooling, heat treatmel
high strength steels;

1.8 Surface hardening; chamermal treatments,
local meltings

1.9 Temperature measuring and controlling; the
atmosphere in the furnace, carbon control, furna
safey

1.10 Heat treatment of cast iron, heat treatment
tool steels, heat treatment of stainless steels, he
treatment of temperature resistant alloys

1.11 Heat treatment defects: control processes ¢
and alloys heat treatment

1.12 Steels: carbon stealloy steels, maraging ste
high-strength lowalloy steels, duphase steels,
stainless steels, tool steels, steels made by powi
metallurgy;

1) H.K.D.H Bhadeshia; R.W.K. Honeycombe: Steels, Elsevier dams2006;
2) R.E. Smallman; A.H.W. Ngan: Physical metallurgy and advanced materials, Elsevier, Amsterda
3) Metals Handbook, Vol. 1, Properties and selection: Iron Steels, High Performance Alloy, 1990, ,

Cilji in kompetence:

Cilj predmeta je pokaz
spl oGne teorije termoc
na posebnih primerih kovinskih materialov in dat

podl age za nalrtovanij e
postopkov.

Predvi deni Gtudij ski r
Znanje in razumevanje:

To je eno temeljnih st
metalurgije in materi e
nalLrtovanje, sintezo i
povezovalno in podporr

i nAenir skiOmopyoodrao Lrjeearnh.
teoretilnih znanj s pc
za izbiro materialov.

Met ode poulej@manja in
Predavanj a, ralunske i
numeri Lne simulaciije

Objectives andcompetences:

The scope of the course igiEmonstrate the
applicability of general theory of thermodynamic:
physical metallurgy to the students on special ca
metal materials and to give them bases for planr
and realisation of technological processes

Intended learning outcomes:

Knowledge and understanding:

This is one of the fundamental courses for engin
of metallurgy and materials which enables to pla

i synthesise and tdee the materials; however, it is

also a supporting as well as a linking field to othe
engineering fields. It enables the realisation of al
theoretical knowledge from the material science
is a base for material selection.

Learning and teaching methods:
Lectures, calculating exercises and laboratory w
numerical simulations, seminar



NalLini ocenjevanjaDel eH/ V Assessment:

ocena ustnega dela izpita 40,00 % the oral examination
ocena pisnega dela izpita 40,00 % the written examination
seminar 20,00 % seminar

Reference nosilca/Lecturer's references:

NAGODE, Al e G, UL E, Bori s, J EcbhKkti@itive dveemenuation for BAD !
1Mo-0.2V (P9itype) steel under constant load and constant stress. Steel research international, 2C
no. 8, str. 63842.

UL E, Bori s, NAGODE, Al eG. A-1vMod.a8\e(P9l type)ssteiater. scie
technol., 2007, vol. 23, no. 11, str. I374.

NAGODE, Al e G, KOSEC, Jdadadandsmutaxial credp lbdhavior®foP@pe steel |
under constant load. Eng fail. anal.

NAGODE, Al e G, KOSEC, Ladi sid AnimprovkdskdeEpenddviteenergk
barrier model for the creep of 9Mo0-0.2V steel under dibend loading. Kovové mater., 2010, vol. 48,
4, str. 23239.



INDUSTRIJSKA EKOLOGUA IN ENERGETIKA

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Industrijska ekologija in energetika
Course title: Industrial Ecology and Energetics
| l anica nosi | ULNTF
Member:
gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost

Metalurgija in materiali, druga stopn N i

magistrski

L'l eni tve 1letnik 1.semestel obvezen

program)

Univerzitetna koda predmeta/University course code: 0067981

Koda ulLne enot
Predavanja Seminar
/Lectures /Seminar

45 15

Nosilec predmeta/Lecturer:

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoj i za vklIj
Gtudijskih obv
Pogoj za vkl ju
Gtudijskih obyv
Opravljeno in

je pogoj za pristop k pisnemu in ustnemu izpitu.

e na LIl ani 856
Vaje Kl i ni L Drugeoblike Samostojno ECTS
[Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 0 0 90 6

Borut Kosec

Obvezni / Compulsory

Predavanja/Lectures: Sl ovenGLi na

Vaje/Tutorial: Sl ovenGLi na

uli t ev \ Prerequisites:

eznosti:

Lit ev v Thecondition to attend in the teaching course ar
eznost i perform study obligations is an entry in the first y

upsojekenG delm | of study.
Completed and successfully presented project w
required before taig the written and oral exam.

Content (Syllabus outline):

Ok ol j e . General definitions. Environment. Natural source

(varstvo tal, voda, zraka ter varstvo pred hruponm Environmental protection (ground, water and air

Vsebina:

Spl oGnii poj mi

Emi sije [/ 1 mis
kol i Line

emi sij Nadzor

i j e. Vr < protection, and noise protection).

emod Hmd st iUkz & ¢ Emissions / imissions. Emissions types and quat

nad o n e Emissions quantity measurements. Measures ar




Temel jna nalLela ravnar
ObvlI adovanje odpadkov.
odstranjevanje odpadkov. Ravnanje z odpadki.
Postopki predelave in postopki odstranjevanja
odpadkov.

Celovito obvladovanje odpadkov. Dokumentacije
celovito obvladovanje odpadkov. Evidence o
ravnanju z odpadki E\
embal aHi Strokovna oc
gospodarjenja z odpadki. Nadzorna merjenja in
monitoring. Dovoljenjappde t | a . Dol o
odgovornosti in pooblastil. Vzpostavitev notranje
in zunanjega komuniciranja. Usposabljanje
zaposlenih. Razvoj in investicije podjetja.
Industrijski odpadki. Razdelitev. Koncept ravhan
odpadki LoLeno zbi razer
za odpadne pline in vode. Ravnanje s trdnimi
odpadki. Energetska in snovna izraba odpadkov
Recikliranje. Radioaktivni odpadki.
Analiza ekol oGko kriti
procesih. Zbiranje podatkov, njihova analiza in
prikaz. Modeliranje.

Zakonskpr edpi si s podrolj
Sistemska ureditev na
EU. Nacionalni program varstva okolja. Zakon o
varstvu okolja.

Sistem ravnanja z okoljem ISO 14001. Standard
druHfHine |1 SO 14000. Si s
Predstaitev standarda ISO 14001. Shema
proizvodnega procesa izvedenega v skladu s
standardom 1SO 14001. PDAC cikel. Primer
mat er i al n-energetskedilamcd o0 Gk ¢
tehnol oGkega obrata iz
ISO 14001. EMAS shema okoljskega vodenja in
presojanja.

O energiji. Definicije. Enote energije. Energetske
bilanca zemlje. Raba energije v svetu. Rast pora
primarne energifganaliza. Obnovljivi / neobnovlijiy
viri energije.

Energija in okolje. Emisije in imisije. Ozonska luk
Poslediceogrejara o zr alj a. Poj
Emisije CO2, SO2, NOx in emisije trdnih delcev.
Ukr epi za zmanj Ganj e ¢
emisije toplogrednih plinov. Evropski register
onesnaHeval cev.
Racionalna raba
industriji naterialov.

Energetski stroji in naprave. Osnovni pojmi. Upo
razlilnih oblik energi
Del o, mo L , i zkoristek.
Proizvodnja elektrilne
Hidroelektrarne. Termoelektrarne. Soproizvodnje
e | e k intopldtne energije. Prednosti. Jedrske
elektrarne.

ener gi

NalLrtovanje in razvoj
tehnologij in procesov. Metode in orodja.

givlijenjski krog proiz
okol jsko, ekonomsko ir

possibilities for emissi® reduction. Pollution
control. Monitoring.

Fundamental principles of the waste manageme
Waste control. Collection, stocking and removing
Waste handling. Methods of waste processing al
methods of waste removing.

Waste management. Documentation feteva
management. Evidence of waste handling. Evide
of wrapping and waste wrapping. Expert waste
evaluation. Waste management plan. Control
measurements and monitoring. Enterprise licenc
Determination of responsibility and authorization
Restoration aihternal and external communicatio
Empl oyeesd qualificati
enterprise investments.

Industrial waste. Classification. Concept of waste
handling. Separate waste collection. Cleaning de
for waste gases and water. Handling withvsaditk.
Energetic and material waste utilization. Recyclir
Radioactive waste.

Analyses of ecological critical points in productio
processes. Data collection, analyses and presen
Modeling.

Obligatory regulations on the protection of the
environment

Systematic regulation in the field of waste in RS
EU. National environment protection program.
Environment protection law.

Environmental protection management system |
14001. 1ISO 14000 family standards. Managemel
systems and certification. Presigon of standard
ISO 14001. Scheme of production process achie
according to the standard 1SO 14001. PDAC cyc
Case of material and ecologgrargetic balance in
technological department achieved according to
standard ISO 14001. EMAScheme of
emironmental management and audit.

Energy. Definitions. Energy units. Energetics bal
of the Earth. Energy use in the World. Growing c
primary energy consumptidanalyses. Renewable
fossil fuel energy sources.

Energy and environment. Emissions arissions.
Ozonic hole. Effect of heating of atmosphere.
Greenhouse effect. Emissions CO2, SO2, NOx ¢
solid particles emissions. Measures for emission
reduction. Trade with the quotes of emissions of
greenhouse gases. European pollutant emission
registers

Rational use of energy in metallurgical and proce
industry of materials.

Power plant technology. Basic concepts. Using
various forms of energy. Breakdown of machiner
and equipment. Work, power, efficiency.

Electric power production in the Republic of
Slovenia

Hydroelectric power plants. Thermoelectric powe
plants. Cogeneration of electric and thermal ene
Advantages. Nuclear power plants.



Orodja in €hnike.

| i ste tehnologije.
Ekol oGko oznalevanje ¢
storitev.

gtudij praktilnih prir

Projektno delo. Kompleksna analiza in optimiran
izbranega proizvoda, procesa ali tehnologije z
vkl julitvijo vidikov i

Temeljna literatura in viri/Readings:

Designing environmentaftyendly

products, technologies and processes. Methods
tools.

Product life cycland recycling. Analyses:
environmental, economic and technical assessm
Tools and techniques.

Clean technologies.

Environmental labeling of products, processes a
services.

Case studies.

Project work. Complex analyses and optimizatiol
selected proa, process or technology with
inclusion of aspects and demands of environmer
protection.

BURKE, G., SINGH, B., THEODORE, L. Handbook of Environmental Management and Technolog

Yersey: John Wiley & SoRa05.

MASTERS, G.M. Introduction to Environmental Engineering and Science. New York: Paiitid®97.

PRI BAKOVI I BORgTNI K,
ravnanja z okoljem. Ljubljana: SIQ, 2004.

A.

, ZORNI K, M. ,6 08i#te®AR,

LUND, H.F. The McGra & Hill Recycling Handbook. New York: McGétill, 2001.

WHITELAW, W. ISO 1400& Environmental System Handbook. London: Elsevier, 2004.
GREADEL, T.E., ALLENBY, B.R. Industrial Ecology. New Jersey: Pearson Education, 2003.
KUTZ, M. Environmentaly Constis Mechanical Design. New Jersey: John Wiley & Sons, 2007.
ABELE, E., ANDERL, R., BIRKHOFER, H. Environmantdlizriendly Product DevelopmehMethods

and Tools. London: Springer Verlag, 2005.

KUTZ, M. Environmentaly Conscious Alternative Energy Piodubtew Jersey: John Wiley & Sons, 2!

BUDAK, I .,
of product s.

KOSEC,
Novi

B. ,
Sad:

Cilji in kompetence:
Industrijskeekologija in energetika predstavlja

interdisciplinarno in
interakcij med industr
gtudent se pri pr edmet

energetika spozna z ek
posamezni h tesolin pobtapkdk, i
pravilnim ravnanjem z odpadki, njihovim vplivom
obremenitev okolja ter z zakonskimi predpisi s
podrolja varstva okolj
energije, pretvorbami energij, energetskimi stroji
napravami ter povezavo med gijein okoljem.
gtudent se navaja na t
uporabo strokovne literature in sodobnih virov
informacij.

Predvideni Gtudijski r
Pri predmetu Industrijska ekologija in energetika
pridobi Gtudent znanj ¢
posamezni h tehnol oGki t
N a usk pravilnega ravnanja z odpadki, njihovim
vplivom na obremenitev okolja ter se seznani z
zakonskimi predpisi in standardi.

Seznani se z temeljnimi viri energije, pretvorban

HODOLI | , J.
Fakul tet tehni

KARPE, B.
Lkih ni

Objectives and competences:

Industrial ecology and energetics presents
interdisciplinary and systematical study of interac
between industrial and ecologigatems.

At the course Industrial ecology and energetics
students recognizes ecological points of differen
technological processes and procedures, with th
waste management, with the waste influence to-
environment and obligatory regulations on the
protection of the environment. They learn about
fundamental energy sources, energy transforma
energetics engines and devices, and connection
between energy and environment.

Students will be accustomed to teamwork and pi
work, using professionaéhature and current
sources of information.

Intended learning outcomes:

In the Industrial ecology and endagching course
the student acquires knowledge about the ecolog
orientation of individual technological processes
procedures. Learn the proper handling of waste,
impact on the environment and become acquain
with the legislative regulascmnd standards.

They learn about of the fundamental sources of



energij, energetskimi stroji in napravami ter pove energy, energy conversion, energy machinery ar

med energijo in okoljem. equipment and the relationship between energy

Spozna metode i n tehni theenvironment.

okolju prijaznih proizvodov, procesov in tehnolo¢ They learn methods and techniques of planning
development of environmeltyeriendly products,
processes and technologies.

Met ode poulevanja i n Learningandteaching methods:
Predavanj a, raluns ke \ Lectures. Exercises solving and simulations. Pro
delo. work.

NalLini ocenjevanj a DeleH/ We i Assessment:

ocena projektnega dela 40,00 % the mark of project work

ocena pisnega dela izpita 30,00 % the mark of written examination

ocena ustnega dela izpita 30,00 % the mark of the oral examination

Reference nosilca/Lecturer'sreferences:

L OJEN, Gorazd, ANgEL, | van, KNEI SSL, Al bert
Milan. Microstructure of rapidly solidifiedA&ltNi shape memory alloy ribbons. J. mater. process. tect
May 2005, vol. 162/163, str. ZZ9.

KOSEC, Borut, SOKOVIIi, Mirko, KOSEC, LadislI:
introduction of new ecologically safe mat e88B.i
KOSEC, Borut , SOKOVI | , Mi rMid ,a nK O SPEUG), A VLEaCd, i sFIr

Zlatko. Introduction of new ecologically safe material for fusible elements of low voltage fuses. Arc
materials science and engineering., 2007, vol. 28, issue £Hir. 211 )

KOSEC, Borut , SEN]| IMi,r kSoa,n dkrAaBR P ESOKBOValH., Found
International journal for quality research, 2008, vol. 2, no. 2,-4183129

BUDAK, l gor , KOSEC, Borut , HODOLI | , Janko, I
Environmental labelling of products. Nov S a d : Fakultet tehni Lkih n
JUHART, Matj aH, PETER, Mi chael, KOCH, Kl aus,

behaviour. Steel res., 2001, jg. 72, no. 3,-86. 81

JUHART, Matj aH, KOCH, Kl aus, fdecdomdiahimetallumkstads.Berl
Huettenmaenn. Monatsh., 2001, jg. 146, hft. 11, stt4439

KOLENKO, TomaH, JAKLI |, Ant on, LAMUT, Jakob.
continuous casting of steel slabs and billets. Math. comput. modgktdy2007, vol. 13, no. 1, st645



INDUSTRIJSKE |

NPROESNE PE]| |

Ul NI NA| RT P REURSEIYALUABUS
Predmet: I ndustrijske in procesne peli
Course title: Industrial and Process Furnaces
| l anica nosi | ULNTF
Member:
gtudijskinstppnipgr a §t udi j ska s nlLetnk Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 2letnk 1.semestel izbirni
magistrski program)

Univerzitetna koda predmeta/University course

Koda ailmtee na
Predavanja Seminar Vaje K
/Lectures /Seminar [Tutorials
30 0 30

Nosilec predmeta/Lecturer: Borut Kosec

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:
Vrsta predmeta/Course type:  Izbirni / Elective

Jeziki/Languages:

Vaje/Tutorial:
Pogoji za VvkljulLitev
Gtudijskih obveznosti
Pogoj za vkljulLitev v
Gtudijskih obveznosti
Opravljeno in uspeGno

je pogoj za pristop k pisnemu in ustnemu izpitu.

Vsebina:

Uvod. Razdelitev indu
vrsti, namenaf moaEenu
Temel jni procesi del a

Gorenje, aerodinamika, prenos toplote.

Predavanja/Lectures:

code: 0078003

Ll anici/ UL 875

I i ni L Drugeoblike Samostojno ECTS
/Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
0 0 60 4

Sl ovenGLi na
Sl ovenGLi na

\ Prerequisites:

The condition to attend in the teaching course ar
perform study obligations is an entry in thengseco
year of study.

Completed and successfully presented project w
required before taking the written and oral exam.

Content (Syllabus outline):
¢ Introduction. Classification of industrial and proc:
, furnaces. By type, purpose, heating system,

at mospher e, é

Fundamental processes ofkimg of industrial and




Mehanizmi prenosa toplote v industrijskih in

procesnih peleh. Par ar
toplote v peli Prenocs
Delome temperature indu

Temperaturna
tolerance.
Zgorevanje in atmosfer
| astnosti Zgorevalne
meje. Koraki pri gorenju.

Gorilniki. Naloge gorilka. Razdelitev gorilnikov.
Dimenzioniranje.

Varovalne atmosfere. Delovne atmosfere. Atmos
inertnih plinov. Dol ol
varovalnih atmosfer.

Toplotne obdelave. Modeliranje procesov toplotr
obdelav.

Di mni ki Stat GLnh
dimnika. Dimenzioniranje.

Cevovodi. Elementi cevovodov. Upori in izgube
cevovodih. Dimenzioniranje.

Elektrouporovno ogrevanje. Induktivno ogrevanie
Principi. Prednosti in slabosti.
Ognjevzdr Hna gradiva.i
Razdelitev. Lastnosti. Kriteriji selekcije in izbire
ognjevzdrHAni h gradiv.
Osnove dimenzioniranja, projektiranja in izdelave
industrijskih in proce
Vodenje in nadzor procesov v industrijskih in
procesni h pelemovodemerirerr
nadzor procesov.

obmolLja ¢

Vihel

Poraba energije in tog
industrijskih in proce
peli Sankeyev diagrar
i zgube skozi stene, st

izgube medodpt j em peli

StroGki ogrevanja. Sec
za zmanj Gevanij e.
Toplotna in masna bil et
/| ekol oGka bil anca peli
pristopi.

MoHnosti in nalini i zk

Prenosniki in izmenjeli toplote. Dimenzioniranje
gtudi j in analiza pratk
predstavitev projektnega dela.

Temeljna literatura in viri/Readings:

process furnaces. Combustion, aerodynamics, h
transfer.

Heat transfer mechanisms in industrial and proce
furnaces. Parameters with the influence on heat
transfer in furnace. Heat transfer to the charge.
Operating temperaturesinflustrial and process
furnaces. Operation temperature range. Temper
tolerances.

Combustion and furnace atmosphere. Fuels and
properties. Higher and lower calorific value. Limi
inflammability. Combustion steps.

Burners. Burner tasks. Ciisation. Dimensioning.
Protection atmospheres. Working atmospheres.
Atmospheres of inert gases. Determination of
composition and preparation of protective
atmospheres.

Heat treatment. Modeling of the heat treatment
processes.

Chimneys. Static pressiiteight and crossection
of chimney nose. Engineering.

Pipelines. Elements of pipelines. Frictional losse
pipes. Dimensioning.

Electro resisting heating. Inductive heating.
Principles. Advantages and disadvantages.
Refractories and lining of industfighaces.
Classification. Properties. Criterion refractories
selection. Lining of furnaces.

Fundamentals of designing, projecting and
manufacturing of industrial and process furnaces
Management and process control of industrial ar
process furnaces. Epuient for optimal
management and process control.

Energy consumption and heat losses at different
types of industrial and process furnaces. Heat
efficiency of furnace. Sankey diagram. Furnace
efficiency. Heat losses through walls, roof and
bottom of the funace, and heat losses at the ope
of the furnace.

Heating costs. Composition of the heating costs.
Measures to reduce costs of heating.

Heat and mass balance of the furnace. Energetit
/ecological balance of the furnace. Assessment.
Procedures and ass®ns.

Possibilities and ways of waste heat utilization. +
exchangers. Dimensioning.

Study and analyses of practical cases.
Preparation and presentation of project work.

HEILIGENSTEADT, W. Waermetechnische Raahgen fuer Industrieoefen. Duesseldorf: Stahleisen

Verlag, 1969.

POPOVII, ZzZ., RAII, K.

Peli [ projektovanj

TRINKS, W., MAWHINNEY, M.H., SHANNON, R.A., REED, R.J., GARVEY, J.R. Industrial Furnac

New Jerseyiohn Wiley Sons, 2004.

WARD, J., COLLIN, R. Short Course on Industrial Furnace Technology, Vol.1, Vol. 2. Rio Tinto:

CENERTEC, 2002.

DESHMUKH, Y.V. Industrial HeatingPrinciples, Techniques, Materials, Applications and Design. L



Taylor Franci£005.

MULLINGER, P., JENKINS, B. Industrial and Process Furr@aeesciples, Design and Operation.

Amsterdam: ButterworthHeinemann, 2008.

Cilji in kompetence:

V okviru predmeta | ndt
Gtudent spozna s pomer
peli Zza posamezne tehr
Seznani se z el ement.i
kriteriji izbire peli
in razume pomen in del
in opreme za optimalno vodenje.

gtudent se navaja nha ¢

delo, uporabo strokovne literature in sodobnih vi
informacij.

Predvideni Gtudijski r
V okviru predmeta | ndt
Gtudent spozna pomen ¢

postopke pri izdelavi, predelavi in toplotni obdele
Spozna mehanizme prenosa toplote, zgorevanje

aerodinami ko pelLi .umé o z
principe delovanja pel
procesov. Osvoji i nHer

dimenzioniranja, projektiranja in izdelave industr

peli Spozna pomen spr
za optimalno vodenje i
procesov.

Met ode poulevanja in

Predavanj a, ralunske
neposrednem industrijskem okolju in projektno d

Objectives and competences:

In the teaching course Industrial and process fur
student recognizes the importance of industrial
process furnaces for individual technological
procedures and processes, elements of the furn:
dimensioning and selection criteria and understa
the furnace structure. Student acquires knowled
about impatance and operation of supporting
facilities and equipment for optimal control.
Students are accustomed to self, team and proje
work, using professional literature and current
sources of information.

Intended learning outcomes:

Students learn the importance of the furnaces in
the manufacturing processing and heat treatmer
They learn the mechanisms of heat transfer,
combustion and aerodynamics of the furnace.
Acquire knowledge of the furnace elements and
understandhe principles of operation, command
control of the processes in the furnace. Acquire
engineering principles and procedures for
dimensioning, design and manufacture of industi
furnaces. They learn the importance of supportir
facilities and equipmiefor optimal operation and
control of technological processes.

Learning and teaching methods:
Lectures. Exercises sotyand simulations.
Experimental work in industrial
environment. Project work.

NaLini ocenjevanj a Del eH/ V Assessment:

ocena projektnega dela 40,00 % the mark of project work

ocena pisnega dela izpita 30,00 % the mark of written examination
ocena ustnega dela izpita 30,00 % the mark of the oral examination

Reference nosilca/Lecturer's references:

KOSEC, Borut, KOSEC, Gorazd. Temperature field analysis on active working surface cestiegdize.

Metall, 2003, vol. 57, no. 3, pp.-138. )
GoJI I, Mirko, LAZII,

Ladi

sl av, KOSEC, Borut ,

hardenability testing of lealloyed MrMo steel. Journal of Mechanical Engineering, 2005, vol. 44, no.

pp. 101108. A
KOSEC, Borut, BREZIGARMIat j a H,

KOSEC,

Gorazd, BERNETI I,

of cold formed steel forgings for the automotive industry. J. Achiev. Mater. Manuf. Eng., June 200"



issue 2, pp. &90.

JAKLI]l, Anton, GLOGOVAC, Br amNIsllla v ,B okrQiLt E N KTCE,
simulation of heat transfer during billet transport. Appl. therm. eng., 2002, ne8&2, 873

JAKLI |, Ant on, VODE, Franci , K OL E N K Otehedtingrpeodes
in a pusher type furnace. Agperm. eng., 2007, vol. 27, n6, pp. 1108.114.

KOLENKO, TomaH, JAKLI |, Ant on, LAMUT, Jakob.
continuous casting of steel slabs and billets. Math. comput. model. dyn. syst., 2007, vol. 13-6b. 1,
KARPE, Bl aH, KOSEC, Borut, KOLENKO, TomaH, |
casting by free jet meltspinning device. Metallurgy, 2011, vol. 50, no-16.pp. 13



IZBIRNI PREDMET 1

Ul NI NA| RT P REURSESYAUABUS

Predmet: Izbirni predmet 1

Course title: Optional course 1

| l anica nosi | ULNTF

Member:

gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 2letnk 1.semestel izbirni
magistrski program)

Univerzitetna koda predmeta/University course code: 0111858
Koda ulLne enote na LIl ani 890

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 0 30 0 0 60 4

Nosilec predmeta/Lecturer:

Izvajalci predavan;:

Izvajalci seminarjev:

Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
Izvajalcipr akti Lneg
usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkl julitev \ Prerequisites:
Gtudijskih obveznosti
Vsebina: Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence: Objectives and competences:




Predvideni Gtudijski r Intended learning outcomes:

Met ode poulevanja i n Learningandteaching methods:

NalLini ocenjevanjaDel eH/ V Assessment:

Reference nosilca/Lecturer's references:



IZBIRNI PREDMET 2

Ul NI NA| RT P REURSESYAUABUS

Predmet: Izbirni predmet 2

Course title: Optional course 2

| l anica nosi | ULNTF

Member:

gtudijski stopnjipgr a gt udi j ska snlLetnik Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 2letnk 1.semestel izbirni
magistrski program)

Univerzitetna koda predmeta/University course code: 0111859
Koda enwmtte na Ll anici/ UL 891

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 15 15 0 0 60 4

Nosilec predmeta/Lecturer:

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkl julitev \ Prerequisites:
Gtudijskih obveznosti
Vsebina: Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence: Objectives and competences:




PredvideniGt udi j s ki rezul t alntended learning outcomes:

Met ode poulevanja i n Learningandteaching methods:

NalLini ocenjevanjaDel eH/ V Assessment:

Reference nosilca/Lecturer's references:



|IZBIRNI PREDMET 3

Ul NI N AREDMETA/COURSE SYLABUS

Predmet: Izbirni predmet 3

Course title: Optional course 3

| l anica nosi | ULNTF

Member:

gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 2letnk 1.semestel izbirni
magistrski program)

Univerzitetna koda predmeta/University course code: 0111860
Koda ulLne enote na LIl ani 892

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 10 20 0 0 60 4

Nosilec predmeta/Lecturer:

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

Izvajalcik | i ni Lni h
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages: Predavanja/Lectures:
Vaje/Tutorial:
Pogoji za vkl julitev \ Prerequisites:
Gtudijskih obveznosti
Vsebina: Content (Syllabus outline):

Temeljna literatura in viri/Readings:

Cilji in kompetence: Objectives and competences:




Predvideni Gtudijski r Intended learning outcomes:

Met ode poulevanja i n Learningandteaching methods:

NalLini ocenjevanjaDel eH/ V Assessment:

Reference nosilca/Lecturer's references:



|IZBRANA POGLAVJAI1ZVI gJE MATEMATI K

Ul NI NA| RT P REURSESYAUABUS

Predmet: |l zbrana poglavja iz viGje mate
Course title: Selected Topics in Higher Mathematics

| l anica nosi | ULNTF

Member:

gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 2letnk 1.semestel izbirni
magistrski program)

Univerzitetna koda predmeta/University course code: 0078004
Koda ulLne enote na LIl ani 868

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 0 30 0 0 60 4

Nosilec predmeta/Lecturer: Janko BralLil

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:  Izbirni / Elective

Jeziki/Languages: Predavanja/Lectures: Sl ovenGLi na
Vaje/Tutorial: Sl ovenGLi na

Pogoji za vkl julitev \ Prerequisites:

Gtudijskih obveznosti

Pogoj za vkl julitev v Theconditon for attending the pragrae is

Gtudijskih obveznost i enrolmentin lstyear of study.

Vsebina: Content (Syllabus outline):

1. VEKTORSKA IN TENZORSKA ANALIZA 1. Vector and tensor analysis
2. METODA KONI| NI H ELENM 2. Finite element method
3. PARCI ALNE DI FERENCI 3. Partial diferentiajuations

Temeljna literatura in viri/Readings:
1. KriHanilL: Parcial-nael ddhieGewoj alLpeblkp
u

iae
2. Vidav: Vi Gja Matematika 1|1, Dzs, Lj I j a



3. KuGLer , Kodr e:

Spletna stran/webpage
http://mathworld.wolfram.com/

Cilji in kompetence:

Cil ji gtudent spozna
funkcij velL spremenlji
enalb. Na \s@gtnast va&wajanjutinr

integriranju funkcij dveh ali treh spremenljivk ter
reGevanju parcialnih ¢
poudarkom na uporabi v stroki.

Predmetno specifilne Kk
A  Razumevanje vektor sk
A Poznavankenlneitldel en
A  Razumevanje diferenc
funkcij velL spremenlji

uporabe v naravosloviju.

Predvideni
Znanje in razumevanije:

Gtudijski r

Poznavanje diferenci al
funkcije velL spremenl |
parcialnih diferncialr
konLnih el ementov P oz
tenzorskega raluna

Met ode poulevanja in

Predavanja, vaje in individualno delo.

NaLlLini

l zpit je samo v pi
l zpit je mogolLe op
dva kolokvija v po

Reference nosilca/Lecturer's references:
Znanstvena dela

1. BRAI I |,
2. BRAI 1],

Janko. Al

Mat e-mat b Ka bl@taf2008.i kj ui n t

gebraic
J &/ladingdr, ZAJAGI MIchalERRflexivity and hyperreflexivity of the space «

e |

Objectives and competences:

Objectives: A student gets familiar with analysis
functions of several variables and partial differen
equations. With exercises he gets skills in
differentiation, integration, and solving partial
differential equations with special emphasis in
applications.

Competencies:

A Understanding of vec
A Understanding of fir
A Understanding of cal

i variables and knowledge how to use this in

applications.

Intended learning outcomes:

Knowledge and understanding:

Basic knowledge about calculus and differential
eguations, also féunctions for several variables.
Knowledge about finite element method and abac
vector and tensor analysis.

Learning and teaching methods:
Lectures, tutorial, individual work.

ocenjevanja Del eH/ V Assessment:
100,00 %

There is only a writing exam: solving
exercises. It is possible togtie exam
with two partial exams if they are done b
50% in average.

refl exivaty for

locally intertwining operators, J. Operator Theory, 63:1 (201034101

3. BESSONOV, Roman B. ,
operators, Stim Mathematica, 202 (1) 201135

Univerzitetni ulbeni k
BRAI I Il , Janko. Mat emat
UL, 2009, 142 str. ISBN 99816047654,

B R A thypérreflexiva meflexave spacés biA C ,

Z recenziijo

i ka za visokoGol ske s



JEKLARSTVO 2

Ul NI NA| RMETR/BE&IRSE SYLLABUS
Predmet: Jeklarstvo 2
Course title: Steelmaking 2
| l anica nosi | ULNTF
Member:

Semestri  Izbirnost
2.semestel obvezen

s n Letnik
1.letnik

gtudi jski progragtudiijska
Metalurgija in materiali, druga stopn N i Ll enitve

magistrski

program)

Univerzitetna koda predmeta/University course code: 0067982

Koda ulLne enot
Predavanja Seminar
/Lectures /Seminar

30 20

Nosilec predmeta/Lecturer:

e na LIl ani 858
Vaje Kl i ni L Drugeoblike Samostojno ECTS
[Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
25 0 15 90 6

MatjaH Knap

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Predavanja/Lectures:

Obvezni / Compulsory

Sl ovenGLi na

Vaje/Tutorial: Sl ovenGLi na
Pogoji za vkl julitev \ Prerequisites:
Gtudijskih obveznosti:
Opravl janje Gtudi j s ki I Liabilties are defined in the regulations on
pravilniku o preverj ar examinationand evaluation of students at ULNT
UL NTF Za pozi tvljamen o i Fora positive and successful attendance of their
Gtudijskih obveznost i @ duties students are encourage to regular attende
se priporola redno obi lectures, additional domestic more cerplork
dodatni h domalLi h bol j moreandappropriate preparing to laboratory wo

predpriprava pred izvajanjem laboratorijskih vaj 1 At least 80% attendance at tutorials is needed.

izkazana aktivnost in vsaj 80 % pmisst na vajah.

Vsebina:
Pogoji za proizvodnjo jekla: Surovine, legirni
elementi, energija, okolje, znanje, proizvodi, trg.

Content (Syllabus outline):
Requirements for the productiorstéel: Raw
materials, alloying elements, energy, environmel



Jeklarskeehnologije: Izdelava jekla iz grodlja in
izdelava jekla iz star
izdel ave jekla. Sestay
Procesna tehnika jeklarskih procesov: Taljenje
kovinskih in nekovinskih materialov. Reakcije v
trdnem m.n Raevknoolt&ei Fsjiek-, H
kisiks i | i ckigikma I g la @ zkisikdosfore |
He l-lasikldv e p | okisikitle 6 m z islle |
t i t a n-kisikibrame aglikkrom.
Termodinami Lne in ki
Sistematika osnovnih surovinoGt e | j
metalizirani peleti, ferozlitine.

Surovinski in energetski potenciali v jeklarski
industriji: Pridobivanje in priprava surovin in

n €
st

predzIlitin za pridobi\
oksidov in taljen]| earegat
Hel eza. Trdna, tekola
energija.

Legirni elementi in ferozlitine: Sistematizacija leg
elementov glede na njihovo namembnost. Surov
postopki izdelave legirnih elementov in ferozlitin.
Kemi Lna i nsestavarfegorliinlindeGitnit
elementov. Dezoksidanti in legirni elementi: sest

nalini | egiranja in de
g | i @ oksidacijske in rafinacijske: Nastajanje
Hl indre. Vpliv MgO, - Mr
SiO2Fe O. Sintet i Lneapnd! i
obraba ognjevzdr HAnega
raznih vrst jekel v ot
oksidacija el ementov,

VelLkomponent +6i02 €a041208, mi
Al203 Si02, MgGSiO2, CaaMgO-SiO2 AI203,
CaOFe0SiO2, @0-CaF2, Caehl203-CaF2,
SiO2Na20, Si0O2AI203 K20 (Na20)

Met al ur Gki procesi na
Hl i ndro in talino, HIIi
fazni meji med legiranjem, dezoksidacijo, oksida
el ement ov, med razHverg
Tvorbanekovis ki h vkl julLkov:
v talinah in dezoksidanti, produkt dezoksidacije.
Nastajanje vkl julLkov,
izdelavo jekla in med
Nekovinski v k | -MnOtsSIiOR, v
CaOQAI203, Al203pksisulfidi, MnS, Cas,

FeOLCr 203, Mg O. Vel i kc
jeklu glede na njihove lastnosti.

Procesni in termiLlni- ¢
obl oLni peli Konstrulk

zakladanije, taljenje, oksidacija, redukcij r a z F
dezoksidacij a, l egirar
ognjevzdr Hnega gradi ve
in obzidavo. Kakovost izdelanega jekla, merjenje

kisika in izralun dezc
starim Helezom HAel g@rzoc
metalizirani peleti, [
regulacija, elektrode.

Procesi in tehnologija izdelave jekla v konvertor;j
Konstrukcija peli, vlic

knowledge, products, market.

Steelmaking technologies: Production of pig iron
steel making steel from scrap iron. Modern
steelmaking technologies. The charge compositi
and remelting.

Proess engineering in steelmaking: Melting of
metallic and nemetallic materials. Reactions in tt
solid and liquid. Balance iroxygen, irofoxygen
silicon, iroroxygeAmanganese, iraxygen
phosphorous, ireroxygersulphur, iroroxygen
chromium, iroroxygentitanium, irorroxygen
tungsten, carberhromium. Basic of
thermodynamic and kinetic. The systematology ¢
basic raw materials: Pig iron, scrap metal, metall
pellets, ferroalloys.

Raw materials and energy potentials of the steel
industry: Acquigon and preparation of raw mater;
and master alloys for steelmaking. Reduction of
oxides and the melting of scrap. Classification of
scrap iron. Solid, liquid and gaseous fuels and
electricity.

Alloying elements and ferroalloys: The
systematisatioof alloying elements according to
their purpose. Raw materials and processes for
production of alloying elements and ferroalloys.
Chemical and mineralogical composition of
ferroalloys and alloying elements. Deoxidizer ant
alloying elements: compositialtipying method and
deoxidation.

Slag oxidizing and refining: Formation of slag.
Influence of MgO, MnO, Al203 in the system €a
SiO2Fe0. Synthetic slag, the dissolution of lime,
refractory material wears. Slag in the production
various types of steelarc furnaces, slag and
oxidation of elements, reduction of slags.
Multicomponent systems: G&8D2, Ca@Al203,
Al203 Si02, MgGSiO2, Ca@MgO-SiO2 Al203,
CaOFe0SiO2, Ca@CaF2, Cachl203-CaF2,
SiO2Na20, SiO2AI203K20 (Na20)
Metallurgical processssnterfaces: The reaction
between slag and melt, slag and furnace wall.
Processes at the interface during alloying,
deoxidation, oxidation of the elements and
desulphurization.

Formation of nommetallic inclusions: The reaction
between oxygen in meltslateoxidizer, the produc
of deoxidation. The formation of inclusions, their
growth and size, their composition during
steelmaking and during the casting process.
Precipitation of inclusions. Nometallic inclusions il
the system Fe®InO-SiO2, Ca@AI203, A203,
oxysulphide, MnS, CaS, FeO-Cr203, MgO. The
and distribution of inclusions in steel with regard
their properties.

Process and thermal conditions of steelmaking it
electric arc furnace: Furnace design, preparatior
charge and charging, nmgjt oxidation, reduction,
desulphurization, deoxidation, alloying. Furnace



razogl ji L eevanm. Obvadovaaje f

temperature. Obzidava
ognjevzdr Anega gradi ve
Oprema in regul acij a.
jekla.

Rafinacija izven talilnega agregata: Postopki izde
jekla v loncu. Vakuum v metalurdijgon za
me Ganje talin. Tehni ke

obl ol diaz werlpelLna obdel
med talino in Hlindro
met al ur Gke moHnost.i p C
raznih vrst | elkjetaline | i ¢
termodi nami Lne, -nmkeitmd tui
tehnol oGke zakonitosti
obdelavo in izdelavo
Redukcija Hlinder.
Rafinacijski konvertor
me Gani cpin-knerkni Ener gi
met alurgija procesa, k
j ekl a. El ektropretal e
Vpliv in | astnosti por
j ekl a: PomoHna sredst.\
Ognj evzdr Hndcije,raksoteemna a | i
sredstva.

VIivanje in strjevanj e

sredstva pri vlivanju jekla: ulivni sistemi, livne
ponovce (lonci), vmesne ponovce, izlivki in izlivn
Gobe, drsna zapirala.
materialom intalinoprivi vni h si st e
taline. Hitrost in tehnika vlivanja, kristalizacija v
ingotu in brami. Izceje. Livni prahovi in izolacijski
sredstva

Fizi kalne | astnosti | e
NalLini merjenja povr Gi
procese. Merjenje viskoznosti talin pri visokih
temperatur ah. NaLini C
prevodnosti talin pri visokih temperaturah.
Pridobivanije kovin iz sekundranih proizvodov:
glindra in prah kot sce
pasi vi zaci jodjivipetementovc i a |

I novativne reGitve za
jeklarskih Hlinder. Pi
kroma iz HIinder.

Sonaravna proizvodnj a
Ekonomski kazalci proizvodnje. Surovinsko in
energetsko optimiranpelave jekla. 1zdelava razr
vrst jekl a, i zralun vl
sonaravne proizvodnje jekla.

Informatika v jeklarstvu: Sistemi za meritve,
regulacijo in avtomatizacijo v proizvodniji jekla.

Analiza meritev z o0snc
z linearno in multiplo regresijo ter z uporabo ume
inteligence (npr. nevr

inteligence pri ehine vodenju procesov.

Pred
razdel jeno

Zzaletkom predavar
Gtudi jsko ¢

linings and wear of refractory material, the reacti
between the melt, slag and linings. The quality o
steel, oxygen measurements and calculating the
deoxidizer. Technolog$ melting using scrap and
pig iron. Scrap iron and carbon, metallized pellet
briquettes. Electrical equipment, control, electroc
Composition of slag in steelmaking.

Processes and technology of making steel in the
converter: Furnace design, preparatioarge and
charging. Processes of decarburization and
dephosphorization. Temperature control. Furnac
linings and wear of refractory materials. Pig iron
scrap iron. Equipment and control. Composition
slag in steelmaking.

Refining outside the malli aggregates: Methods ¢
steelmaking in the ladle. Vacuum in metallurgica
practice. Argon for melt stirring. Steelmaking
technique in combination arc furnaoeelt
processing outside the furnace. Reaction betwee
melt and slag as a function of rethposition,
possibility metallurgical processes, examples of
production of various types of steel. Steel cleanli

i melt heating, thermodynamic, kinetic, technologi

and procesmetallurgical rules. Preparation of me
for further processing and praihg of particular
steel type in the pot. Reduction of slags.
Refining converter (MRP). Oxygen refining and
refining with inert gasoxygen mixture. Mixing
energy, metallurgy process, the kinetics of reacti
Pure steel production. Electric slag remgelti
Effects and properties of extra materials to prodt
steel: Auxiliary materials; Slag making additions.
Refractory materials, insulation, exothermic mate
Casting and solidification of steel in steel plants:
Auxiliary products in steel castingting system,
casting ladles, tundish, the outflows and nozzles
sliding closures. Reactions between refractory
material and melt in casting system, protection o
melt jet. Speed and technique of casting, solidific
in ingot and slab. Segregationgtir@psowders and
insulation materials.

Physical properties of molten steel and liquid sla
Methods of surface tension measurement and its
impact on the processes. Viscosity measuremen
melts at high temperatures. Methods for
determination of thermabieductivity of melts at
high temperatures.

Extraction of metals from secondary products: S
and dust as a secondary raw material. Methods
passivation of potentially harmful elements.
Innovative solutions for getting steel granules fro
the steel slagPyro metallurgical methods for
chromium refining from slags.

Sustainable production of steel: The environmen
protection. Economic indicators of production.
Optimization of steel making regarding raw mate
and energy. Production of various steelas, the
calculation of the charge and alloys in terms of



Temeljna literatura in viri/Readings:

sustainable production of steel.

Informatics in the steel industry: Systems for
measurement, control and automation in steel
industry. Analysis of measurements with usage ¢
basic statistical meiths, with linear and multiple
regression analysis and the use of artificial intelli
(eg neural networks). Using artificial intelligence
on-line process control.

Prior to the beginning of lectures and tutorials
literature will be distributed.

Ghosh A., Chatterjee A.: Ironmaking and Steelmaking Theory and Practice, PHI, 2008

F. Oeters: Steelmaking Metallurgie ali Metallurgie der StahlherstellungV8gagderlin, Heidelberg ur

Verlag Stahleisen, 1989

B. Deo, R. Boom: Fundamentals of Steelmaking Metallurgy, Prentice Hall International, UK, 1993

M. Jellinghaus: Stahlerzeugung im Lichtbogenofen, Verlag Stahleisen, Diisseldorf, 1994

U. K. Mudali, B. Raj: High Nitrogen Steels and Stainless SteelScipba International Ltd., UK, 2004

Cilji in kompetence:
Jekl o, kot na nek nali
mehanskimi in drugimi uporabnimi lastnostmi,

uporabni kom omogolLa Gi
Osnovni cilj tega prec
prikazati pomen jekla kot nenadomestljivega
materiala v razvofir u Hbe, poveza
okoljskimi problemi.

Pri predmetu se bodo (

izdelave jekla in ferozlitin. Predmet daje znanje ¢
kemi Lni sestavi in | ac
uporabnost. Jgtudenti k
surovinkotsgr odel j, staro F

€

peleti ter pomoHna sr
kakovostnih vrst jekla.
Teoretilne osnove dobl

0 posameznih delnih procesih, bodo povezali v
tehnol oGki pr oca Babili mdoc

pravilen odnos do mat e
z energijo in zaGLito
razne vrste jekel in zlitin, od nelegiranih do visok
l egiranih in jih vIiti
kontinuiramo hi ibneinzu

bodo dobili znanje o vodenju procesov in
nalrtovanju proizvodnj
Nadaljnji cilj je, da
nadgradijo znanje, ki so ga dobili pri predmetu
Pirometalurgija Heleze
Pridobl jeno znaudgntem i n
omogolili, da bodo r az
l a, da bodo sposobr
Hi | kot osnova za
br a vanj e.

o cCc x

j e
s | 0
i z He

Objectives and competences:

Steel as a mass material with extraordinary
mechanical and other valuable properties allows
wide range of use. The primary objective of this
course is first to demonstrate the importance of ¢
as a unigque materialthe development of mankinc
in relation to all environmental problems.

In this course, students will learn the processes t
steel and ferroalloy production. Course provides
knowledge about the chemical composition and
properties of steel and their appliiis. They will
gain insight into the importance of raw materials
as pig iron, scrap metal and metallized pellets ar
additives, which are needed in production of higt
quality steel grades.

Theoretical knowledge gained from the basic sul
and fom the individual partial processes, will be
linked together to the steelmaking technological
process. They will get the correct attitude to
materials, raw materials, energy saving and
environmental protection. They will learn how to
make various typessitels and alloys, from ron

. alloyed to higlalloyed. Various casting processes

continuous and close to final dimensions will be

presented. Students will gain knowledge on proc
and production planning.

Another objective is that students expend kngele
obtained from course Pyrometallurgy of iron and
alloys.

The knowledge will enable students to understar
processes in steelmaking industry and that they

be capable of innovative thinking what will serve
basis for further, profounder study.



gtudent i
stali GLa
kota varstva okolja.

bodo sposobni
ener g ¢mg komega L

Predvi deni
Znanje in razumevanije:
gtudent i bodo nadhiipad:i
predmetu Pirometalurgi
Razumel i bodo termodir
zakonitosti reakcij, ki nastopajo v postopku izdel:
jekla.

gtudent i bodo dobili C
izdelavo kvalitetnih vrst jekla. Spoznali bodo osn
agregate v katerih se izdeluje jeklo, dobili pregle
postopki, ki se uporabljajo v jeklarski industriji.
Znanje, ki ga bo pridobil pri tem predmetu je osn
za poglobljen Gtudij g
izdelave jekla, kot so npr. izdelava jekla v

d ektroobl olni peli, r
postopki, vakuumska metalurgija itd.

Gtudijski r

Prav tako bodo razumel
metal ur Gke reakcije, k
jekla.

Met ode poulevanja in

Predavanja, seminarji, seminarske in laboratorijs
vaje, terenske vaje, samostojno delo

Students will be able to evaluate the processes i
terms of energy efficiency and the viewpoint of
environmental protection.

Intended learning outcomes:

Knowledge and understanding:

Students will build upon thedwledge that they
obtained from course Pyrometallurgy of iron and
alloys.

They will understand thermodynamic laws and
metallurgical reactions that occur in the process
steelmaking.

Students will get the basics that are necessary fc
production of qualjtsteel grades. They will get bs
knowledge of steelmaking aggregates and an ov
of the procedures used in the steel industry.
Acquired knowledge is the basis for detailed stuc
of individual phases in steelmaking process, for
example productiorf steel in electric arc furnaces
reduction and refining processes, vacuum metall
etc.

They will also understand the basic thermodynar
and metallurgical reactions that occur during the
steelmaking process.

Learning andteaching methods:
Lectures, seminars, tutorial and laboratory work,
fieldwork, individual work

NalLini ocenjevanjaDel eH/ V Assessment:

ustni izpit 60,00 % oral exam

pisni izpit 20,00 % examination

semi narska nal oga 20,00 % seminar work and the report of the

vaj laboratory work

Reference nosilca/Lecturer's references:

ROZMAN, Al oj z, LAMUT, Jakob, SkhlBaEadn Afkadle rinimg slags

with borax. V:Slag produetBroviding sustainable solutions for the built environment : 5th European
Conference : proceedings : ¥Rhst September 2007, Luxembourg, (EUROSLAG publication, no. 4
Duisburg: Eroslag, 2008, str. 1845. [COBISS.9D 972895]



KOMPOZITI

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Kompoziti
Course title: Composites
| l anica nosi | ULNTF
Member:

Semestri  Izbirnost
1.semestel obvezen

s n Letnik
2.letnik

gtudi jski progragtudiijska
Metalurgija in materiali, druga stopn N i Ll enitve

magistrski

program)

Univerzitetna koda predmeta/University course code: 0067990

Koda ulLne enot
Predavanja Seminar
/Lectures /Seminar

45 0

Nosilec predmeta/Lecturer:

e na LIl ani 866
Vaje Kl i ni L Drugeoblike Samostojno ECTS
[Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
45 0 0 90 6

Al eG Nagode

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Predavanja/Lectures:

Obvezni / Compulsory

Sl ovenGLi na

Vaje/Tutorial: Sl ovenGLi na
Pogoji za vkl julitev \ Prerequisites:
Gtudijskih obveznosti:
Pogoj za vkljulitev v Theconditon to attend inthe teaching course ar
Gtudijskih obvezGtaousdtiij perform study obligations is an entry in the secol
Opravljeno in uspeGno yearofstudy.

je pogoj za pristop k pisnemu in ustnemu izpitu.

Vsebina:

Karakteristike kompozitov.
Sestavine kompozitov.
Mati ce: kovi
Lastnosti matice.

ns ke, ker

Completed and successfpitesented project work
required before taking the written and oral exam.

Content (Syllabus outline):

Composites characteristics.

Constituents of composites.

Matrix materials: metal, ceramics, polymer, carb
Matrix properties.

A

C



Materiali za eleminutrjevanja. Lastnosti. Kovine,
keramike, polimeri, ogljikova vlakna.

Vlakna. Lastnosti vlaken. Sinteza vlaken.
Viskersi. Sinteza viskersov.

Mejne povr Gine v kompc
sestavin kompozitov.

Mehani ka kompozi tmev. /
Mi ni mal ni in kritilLni
obremenitve z matice r
vi aken. PoruGitev komg
Mehani z mi povelevanja

Utrujenost kompozitov.
nalLrtovanje.
Mehani ka | oma
matico.

Druge aditivne lastnosti kompozitov.
Izdelava kompozitov.

Obdelovalni postopki za kompozite. Spajanje
kompozitov.
PreizkuGanj e
Problemi recikliranja.
Primeri uporabe kagpozitov.

kompozit

kompozitc

Temeljna literatura in viri/Readings:

Reinforced materials. Properties.

Metals, ceramics, polymers, carbon fibers.
Fibers properties. Fibers synthesis.

Whislers. Whiskers synthesis and properties.
Interfaces in composites. Compatibility of compo
materials.

Mechanics of composites. Analysis and design ¢
composites.

Minimal and critical volume part of fibers. Mecha
of load transfer from matrix to fibers

Fiber critical length. Composite fracturebbBeding.
Fibers pullout.

Toughness arising. Fatigue of composites. Comj
added design.

Fracture mechanics of metal and ceramics matri
composites.

Heat properties of composites. Superconducting
compositesComposite density.

Fabrication of composites.

Machining procedures. Compaosite joining.
Composite testing. Nondestructive testing. Failul
analysis.

Recycling of composite materials.

Application and experience.

CHAWLA, K.K. Composite Materials: Science and Engineering. Berlin: Springer Verlag, 1987.
CHAWLA, K.K. Fibrous Materials. Cambridge: Cambridge University Press, 1998.
MATTHEWS, F.L. in RAWLINGS, R.D. Composite Materials: Engineering and Science. LapioanC

and Hall, 1994.

HULL, D., CLYNE, T.W. An Introduction to Composite Materials. Cambridge: Cambridge Universi

1996

ASHBY, M., SHERCLIFF, H., CEBON, D. Mater@Engineering, Science, Processing and Design.

Amsterdam: Elsevier, 2007.

Cilji in kompetence:

Vsebina predmeta Kompoziti obsega metodiko
nalLrtovanja, sinteze i
Obsega selekcijo, sintezo in lastnosti sestavin

kompozitov in nalLrtove
lastnosti, posebejr dnosti i n Hil
spajanje in inHenirske
gtudent se vpelje v s\
konceptu, zgradbi, sintezi in lastnostih bistveno
razliLni od klasiLni h.
gtudent se navaja na t

uporabo strkovne literature in sodobnih virov
informacij.

Objectives and competences:

The teaching course Composites scales method
design, synthesis and characterization of compo
It includes selection, synthesis and properties of
composites and its components, design and
predictionof mechanical properties (particularly
strength and toughness), forming, bonding and
engineering applications.

The student is introduced to the world of materia
which are in their concept, structure, synthesis a
properties substantially different fribra classical
materials.

Students will be accustomed to teamwork and pi
work, using professional literature and current
sources of information.



Predvideni Gtudijski r
Osnova za razumevanje vsebin in napredesapr
predmetu zahteva znanje osnovnih strokovnih
predmet ov, mehani ke,
poznavanje podrolj a
omogolLa prepletajole
predhodni h semestrov,
interdisciplinarm znanje in organiziranost. Je neke
vrste diplomski predmet pred diplomo.
Predmet zahteva od Gt
Zznanje in organiziranost in predstavlja neke vrste

C
me
§

Intended learning outcomes:

The basis for understanding the content of this
subject requires knowledge of basic technical co
mechanics, and fundamentals of engineering an
general knowledge of the materials science.
The course requires from the student interdiscipl
knowledge and organization and is a kind of
graduation exam before graduation, which involy
knowledge of several subjects from previous
semesters.

di plomski izpit pred ¢

predmetov iz predhodnih semest

Met ode poulevanja i n L Learningandteaching methods:
Predavanja, ralunske i Lectures.Exercises solving. Laboratory. Numerit
numeri Lne simul acij e, @ simulations. Projectwork.

Nalini ocenjevanja Del eH/ V Assessment:

ocena projektnega dela 40,00 % the mark of project work

ocena pisnega dela izpita 30,00 % the mark of written examination

ocena ustnega dela izpita 30,00 % the mark of the oral examination
Reference nosilca/Lecturer's references:

NAGODE, Al eG, RESNIK, Andrej, VERTNIK, Robe!l
KOSEC,Gor az d, 0ARLER, BoHi dar , ZORC, Borut . TF

steel bar. Kovové materialy, ISSN 8023X, 2017, vol. 55, no. 1, ste561[COBISS.SD 1666655], [JCR

SNI P, WoS do 2. 4. 20a&at7rav GtCl )c:i t@,t oSYc dprCy :d d
Listih citatov (Cl): 0]

GODEC, MatjaH, ¢gETINA, Barbara, MANDRI NO, Dj
gKAPI N, Srello D., JENKO, Moni k a. Ch ar aic pgowderi

metallurgy higbpeed steel. Materials characterization, ISSMN8Q34Print ed.], April 2010, vol. 61, no.
str. 452458

ZORC, Borut , NAGODE, Al eidtatioand propagdtion &dnditions in a f
styreneacrylonitlie wateffilter housing with external ribs based on destructive pressure tests. Engine
failure analysis, ISSN 13&D7. [Print ed.], Sept. 2017, vol. 79, st5@&31
http://www.sciencedirect.com/science/article/pii/S1350630716305362, doi:

10.1016/jengfailanal.2017.05.010. [COBISS3I 16 78175], [JCR, SNI P,
(TC): 0, Listih citatov (Cl): 0]
NAGODE, Al eG, RESNI K, Andrej, Bl ZJAK, Milan,

KOSEC, Borut, ZORC, Borut. Developmehbanded microstructure in 34CrNiMo6 steel. Metalurgija
ISSN 0545846, 2016, vol. 55, no. 3, str-32®. [COBISS.$ID 1602911], [ SNI P,
citatov (TC): 0, Listih citatov (oddtoy(Cl):0], Sc



KOROZIJA

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Korozija
Course title: Corrosion
| l anica nosi | ULNTF
Member:

gtudi jski
Metalurgija in materiali, drigjapnja, N
magistrski program)

progragtudiijska
Ll enitve

Semestri  Izbirnost
1.semestel izbirni

s n Letnik
2.letnik

Univerzitetna koda predmeta/University course code: 0078005

Koda ulLne enote na LIl ani 870
Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 15 15 0 0 60 4
Nosilec predmeta/Lecturer: JoHef Medved, Milan Bizjak

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:
Vrsta predmeta/Course type:  Izbirni / Elective

Jeziki/Languages:

Vaje/Tutorial:
Pogoji za VvkljulLitev
Gtudijskih obveznosti
Pogoj za vkljulLitev v
Gtudijskih obveznosti
gtudi j s ke kodprawsorudi pdnavljalk
Vsebina:

Uvod.

Elektrokemjska korozija kovin: termodinamika in
kinetika elektrokemijskih reakcij, osnovna korozij
celica, polarizacija, pasivacija kovin.

Vrste korozije: l okalrr
met alur Gko vplivana, i

Predavanja/Lectures:

Sl ovenGLi na
Sl ovenGLi na

Prerequisites:

The condition for including in the programme is

enrolment in 3rd year of study. The study progra
can be also attended by the student who has falil
and must repeat the ye

Content (Syllabus outline):

Introduction

Electrochemical corrosion of the metals:
Thermodynamics and kinetics electrochemical
reactions, basic corrosion cell, patas, metal
passivation

Types of corrosion: local corrosion, crevice




selektivno raapljanje, mehansko podprta
degradacija, erozivna, udarno delovanje korodire
medija, torna kavitacija, korozijsko utrujanje,
napetostna korozija, vodikova krhkost.
Korozijske lastnosti nekaterih kovinskih materialc
atmosferska korozija ogljikovih jekerjavna jekla,
Helezove litine, al umi
njegove zlitine, titan, nikelj in zlitine.

Korozija pri visokih temperaturah: reakcije s plini
staljenimi kovinami in solmi, kovinski oksidi, rast
oksidnega filma, oksidacij#rzl

Principi in metodi ka z
Katodna in anodna zaGl
Prakti Lni probl emi I n

Temeljna literatura in viri/Readings:

corrosion, pit corrosion, metallurgical influenced
corrosion, intergranular corrosion, selective
dissolution, mechanical supported degradation,
erosion corrosion, corrosive medium, aaoit
corrosion, corrosion fatigue, stress corrosion,
hydrogen embrittlement

Corrosion properties of some metallic materials:
atmosphere corrosion of carbon steels, stainless
iron casts, Al and Asllloys, Cu and @alloys, Ti, Ni
and Nialloys.

Corrosion at high temperatures: reaction with ga:
and melted metals and salts, metal oxides, the g
of the oxide film, oxidation of alloys.

Principles and methods of preventing from
corrosion.

Cathodic and anodic preventing.

Practical problems and cadtion examples

SMITH, W.F. Foundations of Materials Science and Engineering. Singapure: MitiGi&83.
VEHOVAR, L. Korozija kovin. Ljubljana: IMT, 1991.
FONTANA, M.G. Corrossion Engineering. New York: McGrali, 1987.

Cilji in kompetence:
Osnovni namen predmet ¢
vzroki, mehani z mi in r
naprav zaradi vpliva okolja in v kombinaciji z njin
tudi drugih vplivov.
gtudent jrea Lsipnoez nbagrob e s
povzrolLa enormne gosp
e

C
varnost | judi in intec

Predvi deni
Znanje in razumevanije:
Za spremljanje predmeta je potrebno znanje
termodinamike materialov, materialografije in
fizikalne metalurgije. Namen predmeta je spozn:
Gtudente si RbrpopaGfiot er

Gtudijski r

Cilj predmeta je tudi
samostojnemu delu na t
Met ode poulevanja in

Predavanj a, ralunske i

Objectives and competences:

The main purpose of the course is to introduce tl
causes, the mechanisms as well as the ways of
degradation of the materials deglices due to the
influence of the environment as well as in
combination with the other influences. The stude
get to know how to prevent from corrosion which
causes enormous economic loss and threats pe«
safety and integrity of products of humardba

Intended learning outcomes:

Knowledge and understanding:

For attending a course knowledge of the
thermodynamics of materials, materialography a
physical metallurgg necessary. The main purpos:
the course is to introduce the students with the
corrosion and the ways of preventing from it as v
as encourage the students to work independent!
this demanding field.

Learning and teaching methods:
Lectures, calculating tasks, laboratory work

NalLini ocenjevanjaDel eH/ V Assessment:

ustni izpit 50,00 % oral exam

pisni izpit 40,00 % written exam

lab. delo in seminar 10,00 lab work and seminar

Reference nosilca/Lecturer's references:

GoJIIl, Mirko, LAZII, Ladislav, KOSEC, Borut,

hardenability testing of lealloyed MrMo steel. Strojarstvo, 2005, god. 47 -4yst8. 101108.



ROTH, JoHe, KOSEC, Ladi sl av, g KRABA, Pol ona
ANgGgEL, I van. | nt elkat.®%e almy Pad b Compositiormand Appedrance of Oxic
Produces. Oxid. met., October 2004, vol. 623/40273291 str.

gKRABA, Pol ona, KOSEC, Ladi sl av, Bl ZzJ AK, Mi |
Gorazd, KOSEC, Borut, LAZAREVII, Zorica,-VRO’
composites. Corros. sci.. [Print ed.], Availakileedt® September 2010., doi: 10.1016/j.corsci.2010.09
MEDVED, JoHe, MRVAR, PrimoH, VON|INA, Maj a.
AZ91 magnesium alloys. V: CZERWINSKI, Frank (ur.). Magnesium alloys : corrosion and surface
Rijeka: InTech. cop. 2011, str-28 ilustr. [COBISS:8D 1105759]

VONI I NA, Maj a, TI SU, Robert, ME D V-&l@ys. Jodroalbétherm
analysis and calorimetry, ISSN 1888. [Online ed.], 2017, vol. 129, iss. 11§tt22, doi:
10.1007/s1097@17%61542. [COBISS.9D 1666399]

MEDVED, JoHe, MRVAR, PrimoH, VON|INA, Maj a.
Oxidation of metals, ISSN 083D0X, 2009, vol. 71, no. 5/6, str.-25D.
http://www.springerlink.coopenurl.asp?genre=article&id=doi:10.1007/s1-008891416. [COBISS.SI
ID 909151]



LIVARSKE TEHNIKE

Ul NI NA| RT P REURSESYAUABUS

Predmet: Livarske tehnike

Course title: Casting Technigues

| l anica nosi | ULNTF

Member:

gt ud prggsamiiin stopnja gtudij ska snlLetnik Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 2letnik 1.semestel izbirni
magistrski program)

Univerzitetna koda predmeta/University course code: 0078006
Koda ulLne enote na LI ani 878

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 5 20 0 5 60 4

Nosilec predmeta/Lecturer: Pri moH Mrvar

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

l zvajalci K1 in
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type: | Izbirni/ Elective

Jeziki/Languages: Predavanja/Lectures: Sl ovenGLina
Vaje/Tutorial: Sl ovenGLina

Pogoj i za Vvkljulitev vPrerequisites:

Gtudijskih obveznosti:

Vpis v letnik Entry in the academic year

Vsebina: Content (Syllabus outline):

Obli kovanj e notranj i h Designinginner and outer surfaces of castings

TEHNIKE IZDELAVE ENKRATNIH FORM:
Tehni ke formanja 2z ber MOLDDESIGNING TECHNIQUE

me Gani cami: model i n | Molding technique with bentonite sand mixtures:
materiali za modele, vrste modelov models and cores, making of models, model
Materidi za izdelavo form, veziva in dodatki, materials, types of models
bentonitna peGLena me (Materialsfor mold making, binders arditenhs,

| astnosti i n priprava bentonite sand mixture, mold making, properties
reakcije med for mo i n mixture preparation, pouring loads, reactions bet
livarnah, recikliranje in odpadni materiali mold and melt, sand circulation in foundry, recyc

Izdelava jeder: materiaiizdelavo jeder, vrste vez and waste material.




postopki, veziva na osnovi umetnih smol, stroji z
izdelavo jeder

Naprave za visoko produktivno izdelavo form in
jeder

Tehni ke i zdel ave pose
Materiali za izdelavo form, veziva na osnovi ume
snol , dodatki formarsk
postopki izdelave form

TEHNIKE LITJA V TRAINE FORME: Izdelava
trajne for me, znalil nc
materi al. za tlalLno, r
centrifugalno, kontinuirno, plastno litje, litie v
testagtm stanju

Stroji za tlalLno | itije
in material i, ralunalr
squeezing
Livne zlitine:
Tehnologija livnih zli

Siva litina z lamelnim, vermikularnim, kroglastim
grafibm in s feritno, perlitno, bainitno ter avstenit
osnovo, temprana litina, bela litina, litine s trdo o
osnovni elementi, elementi v sledovih, legirni
elementi, jeklene litine

Tehni ke taljenja Hel ez
zakladanje, obdelawadirie, reakcije v talini, prehod
plinov, kisle HIindre
Tehnike za kontrolo stanja talin: plini, kali, ceplje
ohl ajevalna krivul ja,
stabilnega strjevanja, evtektoidna premena, stan
s tega podrolj a

Tehnol o gnihjliaih diteHatumieizve in
magnezijeve |livne zl it
zlitine, titanove zlitine, livne lastnosti, fazni diagr:
makro in mikro struktura, uporabne lastnosti
materialov
Tehni ke
vI oAk a,
nagibno litje
Livarske peli kot i
I ndukcijske mreHno
peli, peli za vzdr
bobnaste pelukcikjup
obloge, sestava HI
energije
Peli

oOox< oS
m N o

n
i
He
lo &
i n

b

za taljenje neHel
pelLi, plamenske peli,
Napake na ulitkih, i
proces, vawvanje okolja v livarni

Temeljna literatura in viri/Readings:
TRBI gAN, M.

: Livarstvo,
MRVAR, P.: Livarski praktikum, skripta, Ljubljana 2006.

Core making: materials for core making, type of
binders, proceduresynthetic resin binders, core
making machines.

High productivity mold and core making machine
Moulding technique for making big unique castin
mold materials, synthetic resin binders, additives
molding mixtures, coatings, procedures for mold
makig.

PERMANENT MOLD DESIGENIN: Making of
permanent mold, process features, materials anc
procedures for high pressure, low pressure, die,
centrifugal, continuous, layer and semisolid casti
High pressure die casting machines, gating syst¢
tools and marials, computer added process cont
squeezing

Casting alloys:

Ferrous casting alloys technology:

Gray iron with lamellar, vermicular and spheroid:
graphite with perlite, bainite and austenite matrix
malleabke cast iron, white iron, cast alloysaith
shell, basic elements, oligo elements, alloy elem
steel iron

Cast iron melting technique: charge preparation
charging, reactions in melt, degasation methods,
slag

Melt condition control technique: gases, nucleate
inoculation, coolingueve, oxygen potential, stabile
solidification acceleration, eutectoid transformati
standards

Nonferrous alloy techniques: aluminum and
magnesium casting alloys, cooper, zinc, lead allc
titanium alloys, phase diagrams, macro and
microstructure, usdfmaterial properties.
Nonferrous alloys melting technique: charge
composition, oxidation and reduction, flux, gassi
tilt casting

Casting furnace as part of foundry technique:
induction grid frequency and middle frequency
furnace, electrical furnaceanfce for temperature
maintenance, casting furnace, cupola, constructi
feature, coverings, slag composition, melting
processes, energy consumption.

Melting furnace for nonferrous melting in foundry
resistance furnaces, flame furnaces, melting in
proteced atmosphere.

Casting defects, foundry as complete production
process, environment protection in foundry.

skripta, Ljubljana :

CAMBELL, J.: Castings, OBE, Feng, Butterworth Heinemann Ltd, 1991.

SAHM, P.R.: Giessereikunde, Aachen 2003



Cilji in kompetence:

Osnovni smotri predmet
livarskih tehnik, ki zajema oblikovanje zunanijih ir
notranjih povr Gin, tefl
formi, tehnike iztresovanja enkratnih form in
izmetovanja ulitkov iz trajnih form ter poznavanije
razumevanije lastnosti osnovnih livnih materialov
tudi materialov forme.

Poseben poudarek predmetag strojih, ki so
neobhodno potrebni za
transport in regeneracijo le te, tehnike formanja i
izdelave jeder, sklaplanja forme in avtomatiziran
in/ali enkratnega litja, sistemov za hlajenje form i
izstresanje le teh, ter trdsjevanje elementov
ulivnega in napajalnec
mehanske obdelave. Tehnike s stroji so tudi prec
obravnave v sekvenci izdelave in obdelave litine
Vse razlage so zdruHer
simulacijami ter projektnimmdelo na L r t ov
izdelave in karakterizacije materiala na relaciji Ii
tehnikamaterial izdelkanaterial forme livarska
tehnologija.

Predvideni Gtudijski r
gtudent se nauli i var
tehnologijo. Poglobljeno spozna stroje za oblikoy
zunanjih in notinrazome h
izdelavo enkratne in trajne forme, ter stroje za

izdelavo |l e teh, zgoGl
livarsko tehniko.

gtudent je na osnovi
samostojne objektivne

tehnike. Sposobgne upor abl j ati
trajne in enkratne forme.

gtudent se nauli pove
eksperimentalne pristc
tehni Lnih problemov oc¢
nalLrtovanja |ivarne in

materiala forme. Obvladovati mora vse sekvence
nastopajo v livarni.

Met ode poulevanja in
Predavanj a, ralunske i
simulacije, projektno delo.

N a L iogenjevanja: Del
A ust ni o&bcpnapisnegadela p
(30 %), ocena pisnega izpita (30 %),

A Projektno i ocen

40,00 %

Objectives and competences:

Main competences for students are to learn basi
foundry that concerns shaping of inner and outet
surfaces of eéing, casting technology, solidificatic
in mold, wreaking from unique sand mold, castin
ejection from permanent molds, knowing and
understanding the basic properties of casting an
mold materials.

Special aim is on machines that are necessary ft
mixture making, sand transport and sand
regeneration, molding technigue and core makin
mold coupling and automatized and/or unique
casting, cooling systems for molds and wreaking
castings from mold, cutting of feeder and gating
system, sandblastingnding and machining. Casti
techniques are included with making and prepar:
of melt.

All explanations are combined with seminar work
numerical simulations and planning of project wc
material making and analyzing considering founc
technique, matial, product, mold material and
foundry technology.

Intended learning outcomes:

Students know foundry technique in correlation v
technology. They know machines for making inn
and outer surfaces of castings and understands
making of unique and permanentdrand also
machines for making of them, thickening and
transport in foundry technique.

With knowledge given, student is capable of
individual objective analysis and planning of four
technique. He is capable to use foundry calculati
for permanent ananique molds.

Student can connect different theoretical and
experimental approach to solve technical foundn
problems, like choosing foundry process and
planning of foundry with chosen alloy and mold
material.

He knows all sequences that can be sedaundry.

Learning and teaching methods:
Lectures, laboratory and calculation work, semin
work, inclusion in the frame of research work.

e H/ V Assessment:
60,00 %

Written and oral examination: 60% of fin
mark
Coursework and seminar



Referencenosilca/Lecturer's referepces: )
1. MRV AR, Pri moH, MEDVED, JoHe, KRI g MAN, Al «

transformationinthe Asast spheroi dal ¢iiaplGi tdé | @a satt i iomor
experiments. Steelsearch international, 2006, vol. 77, no. BaH5SLr. [COBISS-HD 617055]
2. PETRI | , Mitja, MEDVED, JoHe, MRVAR, Pri mi

rate on the microstructure of alloy 239 and 226. Giessereiforschung|.280870. 2, str. 2.
[COBISS.SID 823135]

3. MRVAR, PrimoH, TRBI AN, Milan, MEDVED, J«
transformationinthe Asast spherodi al ¢iiadaplG tdé | adetadd fofauaity
cortrol. Mater. sci. forum, 2006, let. 508, zv. 22986tr. [COBISS-#D 587871]



LIVARSTVO 2

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Livarstvo 2
Course title: Casting 2
| l anica nosi | ULNTF
Member:

gtudi jski
Metalurgija in materiali, druga stopn N i
magistrski program)

progragtudiijska
Ll enitve

Semestri  Izbirnost
1.semestel obvezen

s n Letnik
1.letnik

Univerzitetna koda predmeta/University course code: 0067983

Koda ulnelleamitcei /nhL Me mb 857
Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
45 15 25 0 5 90 6
Nosilec predmeta/Lecturer: Pri moH Mrvar

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Vaje/Tutorial:
Pogoji za VvkljulLitev
Gtudijskih obveznosti
Vpis v letnik
Vsebina:

Uvod in ulivanje kot tehnika izdelave delov: razvi
livarstva, pomen livarstva za gospodarstvo, trent
stanje v svetu in na Slovenskem, trendi, prednos
l'itja: konstrukcijske,
ekol oGke

Livarskot e hnol oGko ustrezn
delov: sodobni trendi, konstruiranje s funkcionalr
inlivarsket e hni Lnim opti mir
konstrukcije, ralunalr

Predavanja/Lectures:

Obvezni / Compulsory

Sl ovenGLi na
Sl ovenGLi na

Prerequisites:

Entry in the academic year

Content (Syllabus outline):

Introduction and casting as production technique
development of metal casting, metal casting
importance to the economy, the current state in 1
world and in the Slovenia, trends, benefits of cas
the structural, technological, ecoiwand ecologice
Foundry technology properly cast parts design: r
trends, design with functional and fouridghnical
optimization, lightweight design,
computergeneration of the geometry of castings




ulitka na osnovi trdnostnih zahtev in geometrijsk
omejitev

Procesin tehnologije litja: ulivanje v formo, livarsl|
modeli in jedrniki, izdelava form in jeder, napajal
in ulivni sistemi, tert
Polnjenje livne votliArme s talino, tok taline po
ulivnem sistemu in livni votlini, livnost zlitin,
zakanitosti toka taline, laminarno in turbulentno

gi banje taline, povr Gi
na povr Gini taline, si
forme

Strjevanje ulitka v trajni in v enkratni formi, prehc
toplote v ulitku in formi, strjevanjeinK e nj e ,
napajanje, usmerjeno strjevanje, kriteriji, samost
strjevalna podrolja, ¢
centrov

Nastanek napetosti v ulitku in orodju, krivijenje, \
forme in jeder, trajne forme, aktivno hlajenje in/a
ogrevanje,razvojmag osti , si mul
napetosti v ulitku in orodju za vse sekvence izde
NalLrtovanje tehnol oGki
izraluni ter izbira te
konstruiranje ulitkov
strjevanja imapetosti, virtualna livarna

Pregled livarskih tehnologij za serijsko in malose

ter posamilno izdel avc
serijsko in posamilLno
jeder, precizno litje,
nzkbtl alLno 1itje, koki l

kontinuirno litje, plastno litje, litje s trdo oblo
Pregled in znalLilnost.i
s podrolLja sivih litir
aluminijeve, magnezijeve, bakrove in cinkove zlif
titanove zlitine

Temeljna literatura in viri/Readings:
TRBI gAN, M. Li

: var stvo,
MRVAR, P.: Livarski praktikum, skripta, Ljubljana 2006.

based on strength requirements and geometric
constaints

Processes and foundry techniques: mould castir
casting models core moulds, mould and core
production, feeders and gating system, technolo
documentation

Filling of cavitymould with melt: metal flow in gatil
system and in cavity, eabtlityof alloys, metal flow
lawfulness, laminar and turbulent metal flow, sur
turbulence, formation of oxide films on surface,
computer simulation of mould filling
Solidification of casting in mould and in permane
mould: heat transfer in casting and inldhou
solidification and shrinkage, feeding, directional
solidification, separate solidification areas, comp
simulation of hot spots

Formation of stresses in casting and in die,
deformations: influence of mould and cores,

. permanent moulds, cooling andtivey, formation of

stresses, computer simulation of stresses in cast
and in die during process

Technology process planning by computer
simulations and choosing of casting process: ca:
design with simultaneous optimization of filling,
solidificatiorand stresses, virtual foundry

Survey of casting processes for mass productior
smaklscale production and single production of
castings: sand casting, mass production and sin
casting production, molding processes and core
production processes, investingsting, permaner
mould casting, high pressure die casting, low pre
die casting, die casting, centrifugal casting, conti
casting

Survey and properties of foundry alloys: cast iror
white and mottled cast iron, aluminium, magnesi
copper, zic and titanium alloys

skripta, Ljubljana

CAMBELL, J.: Castings, OBE, Feng, Butterworth Heinemann Ltd, 1991.

SAHM, P.R.: Giessétende, Aachen 2003

Cilji in kompetence:

Osnovni smotri predmet
livarstva, ki zajema oblikovanje zunanijih in notra
povr Gin ulitka, tehnol
poznavanje in razumevalaigtnosti osnovnih livnih
materialov, kot tudi materialov forme. Pri predme
se bodo Gtudentje naul
procesov, uporabe mode
materialnih lastnosti forme, ter ulivane zlitine z
upor abo p o nherddstevhVse raziager
zdruHene s seminarskir
projektnim delom nalrt
karakterizacije materiala, ulitka, mikro in makro
strukture na izdelku.

Objectives and competences:

Main competences of students are to learn basic
foundry that cocerns the shaping of inner and ou
surfaces of casting, casting processes, solidifica
and understand properties of basic foundry alloy
mould materials as well. They learn to use comp
simulation of foundry processes, use of casting
modellingand determination of properties of
moulding and casting material. All lectures are
combined with tutorial work and simulations at
project work of designing, production and
characterization of material, casting and micro al
macrostructure of casting.



Predvi deni Gtudij ski
gtudent se nauli |
primerjalnih prednosti litja pred ostalimi
izdelovalnimi tehnikami. Spozna osnove konstru
|l ivarsko tehnol oGko us¢s
programskim paketom ProCast in CAD/CAM,
spozna in razume procese litja v enkratne in trajr
forme gravitacijsko ir
zakonitosti strujanja po elementih ulivnega in
napajalnega sistema pri polnjenju livne votline in
I zr al un ain nastanek jnatranphmapetosti
ulitku ter odnos s krivljenjem obvladuje za izbran

re
ivar

zlitino s pomoljo ustr
ohl ajevalne in dilator
praktilLne izdelave uli

litta v trajne irenkratne forme, spozna in
eksperimentira z osnovnimi livarskimi kontrolnim
metodami, Analizira elemente mikro in
makrostrukture na ulitkih in se seznani s temeljni

orodi j za i zralun 1live
simulacijami ter karakterizacijgitkaplikativho
uporabi pri projektnem delu izdelave novega
materiala in/ali izdelka.

Met ode poulevanja in

Predavanja, ralunske i

simulacije, projektno delo.

Intended learning outcomes:

Student learns basic concepts of foundry, compe
of production technologies, advantages of found
against other technologies. Meets basics of
appropriate casting igsand computer simulation
programs Procast and CAD/CAM programs,
understands foundry processes for all casting
processes, learns the metal flow laws in gating a
feeding system during filling and understands
solidification of castings and defects fordugihg
filling and solidification concerning stresses as w
He gets the skills to use phase diagrams and col
them with cooling curves and micro and
macrostructures.

Finally student considered knowledge used in pr
work of fabrication of a nemwvaterial and/or cast
part.

Learning and teaching methods:
Lectures, laboratory and calculation work, semin
work, inclusion in the frame of reseavoink.

NalLini ocenjevanjaDel eH/ V Assessment:
A ust ni 0&bcpniapisnegadela p 60,00 % Written and oral examination
A Projektno in sem 40,00 % Coursework and seminar

Reference nosilca/Lecturer's references:
1.MRVARPTr i moH, MEDVED, J
transformationinthe Asast spheroi

oHe,
dal

KRI § MAN, Alojz. (
¢ndplG tde | @d «att i iomor

experiments. Steel research international, 2006, vol.5{ 35861 str. [COBISS-#D 617055]

2. PETRI |, Mi tja,

MEDVED,

JoHe, MRVAR, Pri m

rate on the microstructure of alloy 239 and 226. Giessereiforschung, 2008, vol. 60, 872, str. 26

[COBISS.SID 823135]

3. MRVAR, PrimoH, TRBI
transformationinthe Asast spherod

gAN,
i al

Mi I an, MEDVED, J«
¢hndplG tde | evethdd foraquadity

control. Mater. sci. forum, 2006, let. 5082 7287293 str. [COBISS-#D 587871]



MAGISTRSKO DELO

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Magistrsko delo
Course title: Masters Degree
| l anica nosi | ULNTF
Member:
gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost

Metalurgija in materiali, druga stopn N i

magistrski

L'l eni tve 2letnk 2.semestel obvezen

program)

Univerzitetna koda predmeta/University course code: 0067991

Koda ulLne enot
Predavanja Seminar
/Lectures /Seminar

0 0

Nosilec predmeta/Lecturer:

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoj i
Gtudi j
\/pis v letnik.

z v k|
s k obyv

Vsebina:

e na LIl ani 867
Vaje Kl i ni L Drugeoblike Samostojno ECTS
[Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
135 0 315 450 30

Obvezni / Compulsory

Predavanja/Lectures:
Vaje/Tutorial:

Sl ovenGLi na
Sl ovenGLi na

Litev
Zznost.

u \ Prerequisites:
e
Entry in the academic year.

Content (Syllabus outline):

/Vsebinadela je dogovorjena z mentorjem. Temc Department for materials and metallurgy approve

predlog kandidata in mentorja potrdi svet Oddelk t h e

materiale in metalurgijo.

Temeljna literatura in viri/Readings:

/| Temat sko spec
theme of master thesis.

theme of the Maste
prepared by candidate and mentor.
ifiLlna |Iiteratura glede na t el




Cilji in kompetence:

/ Kandi dat i zidternihamendiloQ@MML
za diplomska dela) in ga predstavi komisiji za za
v obliki predavanja. :
kompetenc, ki jih je (
tega Gtudijskega progr
komunikacijskih sposotsti kandidata, katere le te
goji na predhodnih seminarjin posameznih
predmetov. Razvije sposobnost zaupanja v
pridobljeno znanje in v lastno kreativnost.

Predvideni Gtudijski r
/Iskanje literature, sinteza znanj in kompetenc

absolviranega Gtudi]j sk
in strokowi zagovor rezultatov dela. Kandidat se

Objectives and competences:

The candidate makes a report (according the rul
the OMM for master 0the c
commission as a lecture. The final stage of the
Masterds degree i s ¢che
student gains during t
program and to verify the capability of
communicational abilities that are earned thru th
seminar work. Tehstudent must develop the trust
his/her knowledge and in its own creativity.

Intended learning outcomes:

Literature research, the swsiis of the knowledge
and competences, approach to the project and
defence of the work results. The candidate learn

nauli | astnega r azume\ understand the theory and practice experience, (
praksi, KkritilLna ocen & evaluationofthis correlation between the theory
nalel.i i n prakti Lni m r practice, assessment oféehgironmental
sprejemljivost.i i n e k ¢ acceptability end economic effects.

Met ode poulevanja i n L Learningandteaching methods:

/| Temat sko specifilLni FThematic specific acce
mentorja. guidance.

Nalini ocenjevanj a Del eH/ V Assessment:

povprelje vseh oce 70,00 % the average of all the grades from this st
programa program

ocena diplomskega dela 15,00 % the estimation of the masters work
ocena predstavitve in zagovora 15,00 % the estimation of the presentation and th

Reference nosilca/Lecturer's references:

Masterds degree de



MATERIALI V ELEKTRONIKI IN ELEKTROTEHNIK |

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Materiali v elektroniki in elektrotehniki
Coursetitle: Materials in Electrotechnics and Electronics
| l anica nosi | ULNTF
Member:

gtudijski

Metalurgija in materiali, druga stopn N i

magistrski

progragtudiijska

Semestri  Izbirnost
1.semestel izbirni

s n Letnik
L'l eni tve 2letnk

program)

Univerzitetna koda predmeta/University course code: 0078007

Koda ulLne enot
Predavanja Seminar
/Lectures /Seminar

30 0

Nosilec predmeta/Lecturer:

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Pogoj i za vklIj
Gtudijskih obv
Pogoj za vkl ju
Gtudijskih o

l zdel ana i

pogoj za pristop k pisnemu in ustnemu izpitu.

Vsebina:
Fi zi kal ne
elektrotehniki in elektroniki.

bveznosti
n u Prpjek@Ba wmalogay of study.

osnove 1in

e na LIl ani 873
Vaje Kl i ni L Drugeoblike Samostojno ECTS
[Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 0 0 60 4
Milan Bizjak

Izbirni / Elective

Predavanja/Lectures: Sl ovenGLi na

Vaje/Tutorial: Sl ovenGLi na

uli t ev \ Prerequisites:

eznosti:

Lit ev v Thecondition to attend in the teaching course ar

perform study obligations is an entry in the firsty

Completed and successfully presented project w
required beforeaking the written and oral
examination.

Content (Syllabus outline):
Z r Physical basis and characteristics of the materia
electrical engineering and electronics.

Razdelitev materialov: kovine, keramika, steklo, Classification of materials: metals, ceramics, gla:




pol i meri, kompozi tiost.F
Uporaba: materiald] Za
uporovni materiali, materiali za bimetale, tokovne
talilna varovala, izolanti...

Izolacijski materiali s posebnimi lastnostmi:
dielektriki, piezoelektriki, piroelektriki, feroelektrik
Magnetni matiali. Osnovne definicije
permeabilnosti, izgub, anizotropije. Mehko in trdc
magnetni materiali. Posebne lastnosti magnetnir
materialov: magnetostrikcija, magnetoupornost,
magnet okal ori Lni poj av
Pol prevodni Gki materi ¢
prevodnati. Geometrijskanovne lastnosti
bipolarnih in unipolarnih struktur. Integrirana vez
Substrati za monolitne tehnologije. Tehnologije v
mikro-elektroniki.

Kontrola postopkov: meritve geometrijskin
parametrov, kemijske ¢

S kundarna zaGLita int
podprto modeliranje te
Fotonski elementi: opt
di ode, pol prevodni Gki

celice. Osnovnejastnosti.
Reci k|l aHa nvanaakolje.al ov i

Temeljna literatura in viri/Readings:

P. BI LIJANOVI | , Mi kr oel

polymers, composites. Physical basis and
characteristics. Application: materials for elalctri
wiring, contacts, resistor materials, materials for
bimetal, current melting guard insulation ...
Insulation materials with special properties:
dielectrics, piezoelectrics, pyroelectrics, ferroelec
Magnetic materials. The basic definition of
permeability, magnetic losses, anisotropy. Soft a
hard magnetic materials. Specific properties of
magnetic materials: magnetostriction,
magnetoresistance, magnetocaloric effect.
Semiconductor materials. Types, basic mechanit
conductivity. Geometrgubstance properties of
bipolar and unipolar structures. Integrated circuit
Substrates for monolithic technology. Technolog
micro-electronics.

Inspection procedures: measurement of geometi
parameters, chemical composition, electrical
parametersSecondary protection of integrated
circuits. Computeaxided modeling of technologica
processes.

Photonic devices: Basic properties, optoelectron
components, LEDs, semiconductor lasers, photc
detectors, solar cel |l s
Recycling materials and environmémiaéct.

ektroni ka. gkol jska ki

S. M. Sze. VLSI Technology. McGHill; New York, 1988

S. M. Sze. Modern semiconductor device physics. John WileySons, Inc., New York 1998

H. Fredrikson, U. Akerlind, Physics of Functional Materials, John WileySons, Ltd 2008
Funktionwerkstoffe der Elektrotechnik und Elektronik. Uredila NITZSCHE, K. , URLICH, H.J. Leipz

DVG, 1983

L. M. LEVINSON, Electonic Ceramics. New York. Marcel Dekkerl1888
H. URLICH, Introduction to Industrial Polymers. Second Edition. Hanser
Publishers, Munich, Vienna, New York, Barcelona 1993

H. SCHAUMBURG, Polymere. B.G. Teubner, Stuttgart, 1997

D. KOL AR, Tehni Lna ker
Cilji in kompetence:

gtudent se seznani s f
mat eri alov v el ektrote

in magnetnimi lastnostmi snovi ter drugimi snovr
in uporabni mi znalil nc
spoznati materiale in njih izdelavo, ki primerno

obli kovani in obdel ani
omogolLajo osnovne funk
ostalih tehnologij tuc

povezani mi tehnol oGkir
integriranih &zij in mikrosistemov. Uporabo

najrazlilLnej Gih metod
nalrtovanja material o\

ami k a. Ljubljana: ZRS

Objectives and competences:

Students familiarize themselves with the functior
use of materials, their electrical and magnetic
properties and other functidrharacteristics
important in electrical engineering.

The aim of this course is to acquire knowledge
relating to materials and manufacturing technolo
of these materials for the needs of electrical
engineering.

Students learn, among other technolagjss about
technology equipment and related technological
processes for manufacturing integrated circuits €
microsystems, usage of different methods for
characterization, material design possibilities, an
materials and manufacturing technologies irmpac
environment.



Predvideni Gtudijski r
Razumevanje pomena materialov v elektrotehnil
elektroniki ter povezave med fizikalnimi lastnostr
el ektrilno funkcijami
z ad o GL aljargeanovesp, zagpravilno izbiro

materiala in je v pomc
novi h materialov ter k
podrolLja material ov v
Pridobljena znanja omc

spremembam in novostmmab d r oLj u n
materialov in tehnologijah. Obvladuje izdelavo
materi al ov, Zna uporat
materi al e, tehnol oGke
obvladuje postopke testiranja in karakterizacije.
Sposoben je vodenja in nadzora mce industriji.
gtudent pridobi znanj

€
pri nalLrtovanju, sinte
za el ektrotehni ko in ¢
sodel ovanje med proizy

elektronskih elementov in naprasgazskovalnimi
skupinami, dobavitelji osnovnih surovin ter z
uporabniki.

Met ode poulevanja in
Predavanja. Timsko in
probl emov. RalLunal ni Gk
eksperimentalno delo. Raziskovalno delo in proj
naloga.

Intended learning outcomes:
Understanding the importance of materials in
electrotechnics and electronics as well as links

. between the physical properties and electrical

functions.

Acquired knowledge is sufficient to monitor new
developments, to correctly select materials, to sc
problems related to materials and to assist in the
design and synthesis of new materials in electric
engineering and electronics.

The course enablesdsats to track changes and
new developments in advanced materials and
technologies, to manage the test procedures anc
material characterization and to command and
control processes in industry.

Students acquire knowledge for individual and te
work in thefield of design, synthesis and selectior
materials for electrical engineering and electronit
allows them close cooperation between
manufacturers of electrical and electronic
components and devices, with research groups,
materials suppliers afivtal users.

Learning and teaching methods:

Lectures. Team and independent lerab
solving. Computer simulation and
experimental work. Research work and project
work.

NalLini ocenjevanja Del eH/ V Assessment:

ocena projektnega dela 20,00 % the mark of project work

ocena pisnega dela izpita 40,00 % the mark of written examination

ocena ustnega dela izpita 40,00 % the mark of the oral examination
Reference nosilca/Lecturer's references:

KOSEC, Borut, SOKOVII, Mirko, KOSEC, Ladisl!:
introduction of new ecologically safe mat e8B.i
Bl ZJ AK, Mi | an, KOSEC, L &,dvans Thecharact&riga8da &f phadk o r u |

transformations in rapidly solidified& and Cdre alloys through measurements of the electrical resis

and DSC = Karakterizacija faznih transformacija brzo skrutniféhi ZuF e

elek ri Lne otpornost.i i
286.
Bl ZJAK, Milan, ZALAR,

slitine pon
diferencijalno skenira
Ant on, PANJAN, Pet er,

iron oxide layers using Auger elecsymectroscopy. Appl. surf. sci.. [Print ed.], 2007, vol. 253, s89897

KOVAI , Janez, Bl ZJ AK,

Mi | an, PRAI| EK, Borut ,

profiling of Feoxide layers on electromagnetic sheets prepared by low tempedatima.oXppl. surf. sci.

[Print ed.], 2007, vol. 253, str. 44336. )
KOSEC, Borut, SOKOVI | ,

Mi r ko, KOSEC, Ladi s

Zlatko. Introduction of new ecologically safe material for fusible elements of low voltadyefinses of
materials science and engineering. [Online ed.], 2007, vol. 28, issue 21 &tiluairl

BIZJAK, Milan, KOSEC, Ladislav, KNEISSL, Albert C., KOSEC, Borut. The characterisation of
microstructural changes in rapidly solidifielgefdlbys through measurement of their electrical resistar

Int. j. mater. res., 2008, vol. 99, no. 1, st¥1081



KOSEC, Ladislav, BI ZJAK, Milan, KOSEC, Bor uf
bizmuta in antimona za talilne elemente nizkpe t o st ni h varoval k : Gt.
republike Slovenije za intelektualno lastnino: Republika Slovenija, Ministrstvo za gospodarstvo, 20
KOSEC, Ladi sl av, Bl zJ AK, Mi | an, KOSEC, B onuthu 1
and antimony for fusible elements of low voltage fuses = Niedrig schmelzende Legierung aus Zinn
und Antimon fur heissschmelzbare Elemente von Niedrigspannungssicherungen : European pater
EP1557476 (A1)200507-27. Munchen: Europaischsentamt: = European Patent Office: = Office
européen des brevets, 27.7.2005. 1 listina.



MEHANIKA POLIMEROV

Ul NI NA| RT P REURSESYAUABUS

Predmet: Mehanika polimerov

Course title: Mechanics of Polymers

| l anica nosi | ULNTF

Member:

gtudijski programi in stopnja gtudij ska snlLetnk Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 2letnk 1.semestel izbirni
magistrski program)

Univerzitetna koda predmeta/University course code: 0078013
Koda ulLne enote na LIl ani 869

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 0 30 0 0 60 4

Nosilec predmeta/Lecturer: TomaH Rodi L

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type: | Izbirni/ Elective

Jeziki/Languages: Predavanja/Lectures: Sl ovenGLi na
Vaje/Tutorial: Sl ovenGLi na

Pogoji za vkl julitev \ Prerequisites:

Gtudijskih obveznosti

Redno vpisani Gt udosnou j Regularly enrolled students in the year. Knowled

kemije in fizike basic chemistry and physics

Vsebina: Content (Syllabus outline):

I. Osnove | Basics

1.1 Polimerne molekule in materiali (definicije, h¢ 1.1 Polymer molecules and materials (definitions
in kopolimeri, polimerni materiali, kronologija polymer materials, chronology of polymers, basit

polimerov, osnovni pojmi) concepts).

1.2 Konfiguracija in konformacija makromolekul ( 1.2. Configuration and conformation of molecule:
trans, gaucheslu L ssiu,l nd t akt i | (cis, trans, gauche, left rotating, right rotating,
konformacija) tacticity, conformation).

1.3 Gibkost makromolekul (model prosto sklenje 1.3. Flexibility of macromolecules (freely jointed




veri ge, mo d e | prosto \
Z omejenim venjem, model ekvivalentne verige,
entropija polimerne molekule, rotacijska izomerij

II. Nadmolekulska struktura polimeriov
2.1 Amorfno stanje
razdaljah, molekulsko gibanje)

2.1.1 Nadmolekulska struktura amorfnih potimer
(model nakl julLnega kI c
Yeha, model klasterjev in drugi)

2.2 Kristalino stanje (osnove kristaline strukture,
oshovna celica)

2.2.1 Kristalizacija gibkih in togih molekul
(mehanizem zlaganj@amelni, sferolitni, fibrilni,

» GGkebabni, napake pri kristalizaciji, kristalizacij
posebnih pogojih (orientacijska v toku raztopin, t
pod pritiskom)

2.2.2 Kinetika kristalizacije (teorije: Avrami, Keitt
Padden, Lauritzeroffman)

2.2.3 Nadmolekulska struktura kristalinih padimel
(opredelitev nadmolekulskih struktur, lamelna,
sferolitna struktura, model Hosemanna, model
Petrlina)

2.2.4 Sprememba strukture s toplotno obdelavo

(ul

lll. Fizikalna stanja polimerov

3.1 Steklasto amorfno stanje

3.1.1 Steklasti prehod (krivulje prehodsmpvne
mehanske kolilLine)

3.1.2 Teorije steklastega prehoda [prostega volu
kinetilLna, t edDivardo)]n a ms
3.1.3 | asovno odvisna
(Maxwell, VoigKelvin, Burger, Eyring, sestavljeni

3.2 Vi sokoeddabro)statjm o ( ¢
3.2.1 Teorije visokoel
teorija, statisRwWidno r
3.3 Tekotdlme st anj e

3. 3.1 Os nke rakoeitostie ol o G

3.3.2 Polimeri iz gibkih molekul (molekulska razl:
mo d e | Rouse, paen@enne s
3.3.3kTeéelsalad i ni pol i m
struktura, fazni prehodi)

IV. Lastnosti polimerov

4.1 Orientacija in anizotropija (definicija, metode
lastnosti)

4.2 Mehanske lastnosti (trdnost, po@ilL e , t

utrujenost, rast raapk |, ci klilLne d
mehanika pretrgov)
4.3 ViskoelastilLne | acs

relaksacija, viskoznost)
4. 4 Toplotne
prevodnost, toplotno reiganje)

| astnosti

4.5 OptilLne |l astnost.i
sipare svetlobe)

4.6 Elektrilne | astnos
dielektrilne relaksaci
4. 7 Akust i Lerjanjeinabsdrptijas t

chain model, freely rotating chain model, hindere
rotation chain model, equivalent chain model,
entropy of polymer molecule, rotational isometry

II. Supramolecular structure of polymers

2.1 Amorphoustate (longdistance and shert
distance interactions, molecular motion).

2.1.1. Supramolecular structure of amorphous
pol ymers (random coil
model, cluster model, etc.).

2.2. Crystalline state (basis of crystalline structur
bast cell).

2.2.1. Crystallization of flexible and rigid molecul
(arrangement mechanistamellar, spherolithic,
shishkebabous, fibrillar, crysthzation errors,
crystallization at special conditions (orientational
crystallization in the flow of sotuts, melts, under
pressure).

2.2.2. Crystallization kinetics (theories: Avrami,
Keith-Padden, Lauritzadoffman).

2.2.3. Supramolecular structure of crystalline
polymers (definition of supramolecular structures
l amel |l ar, spher ol imbdelj c
Petrlinds model ) .
2.2.4.Structuralmodification by thermal processir

lll. Physical states of polymers

3.1 Glassy amorphous stat

3.1.1. Glass transition (curves of transition, basic
mechanical quantities).

3.1.2. Theories of glass transition {(fobeme,
kinetic, thermodynamic (GibDs$ Marzio)).

313 Timelependent el astic
VoigtKe | vi n, Burger 6s, E
3.2. The rubbeglastic state

3.2.1.Theories of rubbelasticity (thermodynamic
theory, the statistical macical theory, Mooney
Rivlin theory).

3.3. Liquid stat@melts

3.3.1. Basic rheological principle

3.3.2.Polymers of flexible molecules (molecular
explanati on, Rouse moc
model).

3.3.3. Liquid crystalline polymers (chemical and
physcal structure, phase transitions).

IV. Properties of polymers

4.1. Orientation and anisotropy (definition, methc
properties).

4.2. Mechanical properties (strength, yield point,
stability, fatigue, increase of ruptures, cyclical
deformations, breakagechanics).
4.3.Viscoelastic properties, E*, creep, relaxatiol
viscosity).

4.4, Thermal properties (specific heat, thermal
conductivity, thermal expansion).

4.5.0ptical properties (refraction, reflectance,



zvoka)
4.8 Magnetne lastnosti (magnetna dovzetnost,
magnetna resonangadrska ali elalonska)

Temeljna literatura in viri/Readings:
1. BUKOgEK, Vil Fi

) Zi
fakul tet a, Oddel ek

Z a

ka in

birefraction, scattering of light).

4.6.Eleaic properties (dielectric properties, dielec
relaxations, polarization, conductivity).

4.7. Acoustic properties (expansion and absorpti
sound).

4.8. Magnetic properties (magnetic susceptibility
magnetic resonande&uclear or electronic).

mehani ka pol i mer «
teksti |-©O131@64 2001. 1

2. Gedde UW.: Polymehysics, Chapman & Hall, London 1995, ISBRNA5902&4.

3. Strobl G.: The Physics of Polymers, Concepts for Understanding their Structures and Behavior,

Verlag, Berlin 1996, ISBN633607684.

4. Grosberg A.Yu., Hohlov A.R.: Giant Molectiesg, there, and Evrywhere..., Academic Press, 1997

ISBN 0-12-304136D.

5. .M.Ward, D.W.Hadley: An Introduction to the Mechanical Properties of Solid Polymers, John W

Sons, Chichester 1993, ISBHI1(FF938874.

Cilji in kompetence:

Predmet nudi temeljna
nalLela na podrolju fi:z
polimerov, ki so potrebni za razumevanje njihovi
| astnosti in obnaGanj e
predstaviti nekaj pomembnih teorgkistega

prehoda, visooelastilLr
kristalizacija) in osr
strukturno in na zanir

poskus lahko povezati s teorijo.

Cilj predmeta je podat
Gtudeantseznnagni |l i z osn
podrolLju polimerne fiz
Za razumevanje njihovi
gtudent razGiri teoret

polimerov. Glavni namen in cilj predmeta je
predstaviti osnovne principdipgerne fizike
strukturno in informativno, povezati
rezultateposkusov s teorijo, in predstaviti nekaj
pomembnih teorij (steklastega prehoda,

vi sokoelastilnosti, kr
temel jnega pomena za (
in tehnologije &t tudi za razumevanje njihovih
lastnosti.

Posebna znanja:

-Poznavanje razlilnih
znalilnih za poli mer e,
- Znanje o eksperimentalnih tehnikah v polimerni
fiziki,

- Seznanjanje s sodobnim znanjem delno kristali
polimerov,
-Smsobnost
poli merov

uporabe teo
na podrolju

Objectives andcompetences:

The course provides basicofegical knowledge an
basic principles in the field of solid polymer phys
and mechanics, which are required to understan
their properties and behaviour. Main purpose of -
course is to present several important theories (¢
transition, rubbeelasicity, crystallization) and basi
principles of the polymer physics structurally anc
an interesting way, and to present how the
experiment can be linked to the theory.

The objective of the course is to provide basic
theoretical knowledge to the studerd to
familiarize him with basic principles in the field of
polymer physics and mechanics, which are requ
to understand their properties and behaviour. Th
student extends the theoretical knowledge of
polymers. The main purpose and objective of the
course is to present basic principles of the polyn
physics structurally and informatively, to link
experiments to theory, and to present several
important theories (glass transition, rubberelastic
state, crystallization). The course contents are
fundametal to the study of oriented polymers anc
technology as well as to the understanding of the
properties.

Specific knowledge:

- knowledge of various physical states and
phenomena characteristic of polymers,

- knowledge of experimental techniques in the
polymer physics,

- familiarity with the upo-date knowledge of partly
crystalline polymers,

- ability to apply the theoretical knowledge of the



pri razl agi
i Gke pogoj e,

Sposobnost povezovanja lastnosti polimerov z
nadmol ekul sko i n mdivomc
dejavnikov, ki nastane med proizvodnjo in upora
polimerov in konlLnih i
-Poznavanje razlilnih
pol i merov, na razlilLni
-Sposobnost kritilLne o

—_—
>
o
(2}
—

Predvideni
Znanje in razumevanje:
Predmet o0 mo g o lgkdzsanja dsmoy
fizike polimerov in nj
pridobi poglobljeno znanje o orientiranih delno
kristalinih polimerih, molekulski, nadmolekulski,
mikrofibrilni strukturi in morfologiji v povezavi z
njihovimi lastnostmi. Ima znawjegakonitostih in
spremembah | astnosti t
razlilnih okoli Gkih pc
uporabi polimerov v tehnologijah sedanjosti.

Gtudijski r

Pridobljeno znanje na
omogolLa razumev andlastnetic
inpojasnitevie eh s teoreti Lnct

drugih zakonitosti. Razumevanje in poznavanje
oshovnih zakonitosti fizike polimerov ustvarja
moHnost razumevanja ot
zahtevnih ali ekstremnih pogojih uporabe polime
kakor tuli na osnovi tega znanja njihovo ustreznc
pravilno izbiro za kor

Metodepoll evanja in ulenj ¢
Predavanja, individualni razgovori in pojasnjevar
vsebine predmeta,

NalLini
Pisni izpit
Laboratorijsko delo

Reference nosilca/Lecturgr's references:
RODI | , TomaH, gUgTAR,

polymer physics in the field of structure, morphol
and properties in the interpretation of the behavi
of maerials at various environmental conditions,
- ability to link the properties of polymers to the
supramolecular and morphological structure und
the influence of factors arising during the produc
and use of polymers and end products,

- familiarity withvarious application possibilities of
oriented polymers in different areas,

- ability to critically estimate the professional
literature,

Intended learning outcomes:

Knowledge and understanding:

The course provides a systematic overview of be
knowledge of physics of polymers and their phys
conditions. Students acquire advanced knovdédc
partially oriented crystalline polymers, molecular
supramolecular, microfibrillar structure and
morphology in relation to their properties. Have
knowledge of laws and amendments to the prop
and behavior of polymers in different environmer
conditions, as well as knowledge of the use of
polymers in the present technologies.

Acquired knowledge in the field of polymer physi
allows to understand the structupeoperties and
clarify these with theoretical views, theories and
laws. Understaling and knowledge of basic laws
polymer physics creates the possibility of
understanding the behavior of a specific comple;
extreme conditions of polymers, as well as on th
knowledge of their proper right choice for the fine
product.

Learning and teaching methods:
Lectures, individual interviews and clarification o
course,

ocenjevanja Del eH/ V Assessment:
70,00 %
30,00 %

written examination
lab work examination

TomaH, gUGTARI |, Pri ma

implementation of pressure, time and temperiperposition for elastisceplastic material model by

using a symbolic
10.1002/nme.2903. [COBISSI315006433]
LANGUS, Janez, gUgTARI

approach.

Il nt . j - -A®4pilosE.rdoi: mi

ImpaciPrasponse ¢ polyrRe@i@d drindingl o m:

spheres. Eng. comput., 2011, vol. 28, no. 7, s80T9@oi: 10.1108/02644401111165095. [COBIBS.S

1175903]

Gl| AVAZZI ,
determinatiom f

Ll ove Gke

Silvia,
viscoel astic

GANATEA,
A properties
k o Hea tnear .p rgsd awe n \RiMZo n -16. [CRBISE@D 1011639]. 5

Marco Francesco,

of human f i



MERITVE IN OBDELAVA PODATKOV

Ul NI NA| RT P/RAEIRSESKIAABUS
Predmet: Meritve in obdelava podatkov
Course title: Measuring and Analysis of Data
| l anica nosi | ULNTF
Member:

gtudi jski
Metalurgija in materiali, druga stopn N i
magistrski program)

progragtudiijska
Ll enitve

Semestri  Izbirnost
1.semestel izbirni

s n Letnik
2.letnik

Univerzitetna koda predmeta/University course code: 0067976

Koda ulLne enote na LIl ani 880
Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 10 20 0 0 60 4
Nosilec predmeta/Lecturer: Dr . David Bombal, MatjaH Knap,
Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:
l zvajal ci k1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:  Izbirni / Elective

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za VvkljulLitev
Gtudijskih obveznosti
Pogoj za pristop k pisnem in ustnem izpitu so
opravljene laboratorijske vaje in opravljena ter
uspeGno predstavljena

Vsebina:
Osnove merilnih metod. Osnovni gigrsistem.
NalLrtovanje preizkuso\y
StatiLlLne in dinamilLne
Analiza signala. Amplituda in frekvenca. Fourier¢
transformacija.
Pogr eGki

pri merjenju

Predavanja/Lectures:

Sl ovenGLi na
Sl ovenGLi na

Prerequisites:

Completed of laboratory works and completed ai
successfully presented seminar work is required
before taking the written and oral exam.

Content (Syllabus outline):

Basic concept of measurement methods. Gener:
measurement system. Experimental test plan.
Calibration. Standards.

Static and dynamic characteristic of signal. Sign:
analysis. Amplitude and frequency. Fourier
transforms.




StatistilLna teompiojga eBd
pogreGkov. Sistemati Lr
Analogno in digitalno merjenje. Analogne in digit
naprave. Digitalno merjenje. D/A (A/D) pretvornil
Sistem za zajemanje podatkov.

El ektrilLno merjenje
Deformacija. Tlak. Hitrost.

fi

Temeljna literatura in viri/Readings:

Probaliity and uncertainty analysis. Statistical
measurement theory. Measurement errors. Errol
sources. Systematic and random errors.

Analog and digital measurement. Analog and di¢
devices. Digital measurement. D/A (A/D) convert
Datadacquisition system.

Electrical measurements of physical quantity.
Temperature. Strain. Pressure. Velocity. Force.
Torque. Weight. Displacement.

FIGOLA, R. S., Beasley, D. E. Theory and Design for Mechanical Measurements. 4tWiely ZoBons,

Inc., 2006.

HOFFMANN, J. Taschenbuch der Messtechnik. Carel Hanser Verlag Minchen Vien, 2004.

Cilji in kompetence:

gtudentje bodo pridobi
i n He nnieritess.kSpoBobni bodo izbrati ustrezn
merilno metodo ali sistem ter interpretirati rezulte
Pridobljeno znanje bodo sposobni uporabiti pri
svojem delu.

Predvi deni Gtudi j ski r
Znanje in razumevanje:

gtudent bo pridobil 0 ¢
i nHenirskih meritev. |

organizacije industrijskih meritev. Spoznal bo tec
pogreGkov in merilne r
d i n a miakterigtikelsignalov, analogno in

di gitalno merjenje. Pc
merjenju fizikalnih ve
deformacija, hitrost, tlak, pomik, sila, moment itd

Met ode poulevanja in
Predavanja, ralLuwgke
seminarska naloga.

Objectives and competences:

Students will get familiar with the background in
theory of engineering measurements. Theyewill
able to select the proper measurement method ¢
system and to interpret the results obtained from
such measurements. They will gain the ability to
fundamental knowledge of engineering measure
in praxis.

Intended learning outcomes:

Knowledge and understanding:

Student will get webunded background the
theory of engineering measurements. They will t
skill to plan and organize industrial measuremen
They will learn the theory of probability and
uncertainty analysis, about static and dynamic
characteristic of signal, analog and digital
measuremés. The emphasis is on electrical
measurements of physical quantity such as
temperature, strain, velocity, pressure, displacen
force, torque etc.

Learning and teaching methods:
Lectures, exercises solving, laboratory works, se
work.

NalLini ocenjevanjaDel eH/ V Assessment:

ocena pisnega dela izpita 30,00 % the mark of written examination

ocena ustnega dela izpita 30,00 % the mark of theral examination (

ocena seminarske naloge 40,00 % the mark of seminar work

Reference nosilca/Lecturer's references:

TERI ELJ, Mi | an, KUGL ER, Gor an, TURK, Radomi

temperature on the bearing surface afidustrial die and assessment of the heat transfer coefficient il
extrusion of aluminium: a case study. Int. j. veh. des., 2005, vol. 39, nos. 11P9stiCaBISS.9D

532575]



FAJFAR, Peter, TURK, Radomi r . rovaljanjat=\Measuremenks @r
control of technological rolling par-30midustrer s .
[COBISS.SID 162986]

FAJFAR, Pet er , BARBI | , Ro k. Mer it ev BsiMerfzavna
Ljubljani, NTF, Oddelek za materiale in metalurgijo, 2008. 11 f., ilustr., graf. prikazi. [GOBISERS9]
EHOVNI K, Franc, BURJ A, Jaka, ARH, BoGtj an, I
continuous casting of -Allled steeMetalurgija. 2015, vol. 54, no. 2, st=33A1 ilustr. ISSN 0546846.
http://hrcak.srce.hr/file/190507. [COBISS:B1 1101994]

KNAP, MatjaH, FALKUS, Jan, ROZMAN, Alojz, K
hardenability using neural netwos = Model owani e hartownofFci s
neuronowych. Archives of metallurgy and materials. 2014, vol. 59, no. 41,36r.I$3N 1733490.
http://www.imim.pl/archives. [COBISS:-8D 1448799]

KNAP, Mat | aH, R @ZTMAKdEL. Inflldnae jof proceds parameters on hydrogen cont
steel melt = Vpliv procesnih parametrov na vsebnost vodika v jekleni talinMBtdidals and
geoenvironment : periodical for mining, metallurgy and geology. [Tiskana izd.]. delc.G2)1R). v, str.
233238, ilustr. ISSN 140®73. [COBISS.4HD 1426527]

BOMBA|, David, GINTALAS, Marius, KUGLER, Gol
Fe1l.7C11.3Cr1.9Ni1.2Mo roller steel in temperature range 300 °C. Internatiohgurnal of fatigue.
2019, vol. 121, str.-981.

BOMBA| , David, CVAHTE, Peter, BALOG, Meptht i n,
comparison of an industrially extruded powder and ingot al alloys. Metals. 2020, vol. 10, #48. 11, st
BOMBA|vi da LAMUT, Martin, MRV AR, Pri moH, gl F
properties of mineral fibers depending on the mineralogical composition. Materials. 2021, vol. 14, i
1-12.



METALURGIJA PRAHOV

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Metalurgija prahov
Course title: Powder Metallurgy
| l anica nosi | ULNTF
Member:

gtudijski

Metalurgija in materiali, druga stopn N i

magistrski

progragtudiijska

Semestri  Izbirnost
1.semestel izbirni

s n Letnik
L'l eni tve 2letnk

program)

Univerzitetna koda predmeta/University course code: 0078009

Koda ulLne enote na LI ani 879
Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 15 15 0 0 60 4
Nosilec predmeta/Lecturer: Milan Bizjak

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Vsebina:
Postopki izdelave prahov.
Karakterizacija prahov.

Izbirni / Elective

Predavanja/Lectures: Sl ovenGLi na

Vaje/Tutorial: Sl ovenGLi na
julitev \ Prerequisites:
veznost.i
uli t ev v The condiion for attending the programme is
veznost i enrolmentin 1styear of study.

Content (Syllabus outline):
Powder production technology
Powder characterisation

Priprava prahov za oblikovanje in konsolidacijo.
Oblikovanije in stiskanje prahov v tagiricah.
Drugi postopki oblikovanja.

Sintranje; dogodki v posameznih stopnjah;

Powder preparation for shape forming and
consolidation

Shape forming and ps&gg of powders in dies
Other processes of shape forming



aktivacijsko sintranje, sintranje s talino; sintranje Sintering: processes in different stages of sinteri
tlakom; reaktivno in reakcijsko sintranje, supersc activated sintering, liquid phase sintering, press

sintranje, razvoj mikrostrukture. sintering; reactive sintering, supersolid sintering,
Sekundarne operacije. microstructure development.

Primeriizdelave materialov in izdelkov po postop Secondary @pations,

metalurgije prahov. Case studies of the material production and proc
Povezava metalurgije prahov z drugimi procesni made by powder metallurgy route

tehnikami. Relation between powder metallurgy and other

processing techniques.

Temeljna literatura in viri/Readings:

THIMMLER, F. in OBERACHER, R. Introduction Rowder Metallurgy. Cambridge: Cambridge Unive
Press, 1993.

GERMAN, R.M. Sintering Theory and Practice. New York: John Wiley and Sons, 1996.

Cilji in kompetence: Objectives and competences:
Cilj predmeta j e s pozr Thescope ofthe course is to introduce to the
oshovam, nalrtovanjem, p studentstheoretical bases, planning, produgti

surovin, sinteze materialov in izdelkov, karakteri; raw materials, material synthesis and products
materialov in izdelovalnimi tehnologijami metalur development, material characterisation and

prahov. technologies of powder metallurgy production
Predvideni Gtudijski r Intended learning outcomes:

Znanje in razumevanje: Knowledge and understanding:

Metalurgija prahov je edenme d z a k | j u Powder metallurgy is one of the last courgée of
predmetov Gtudija. R a z study. The knowledge arises from thermodynam

termodinamike materialov, materialografije, fizike the materials, materialography, physical metallut
metalurgije, preiskav materialov ter predmetov = materials testing as well as processing technique
procesne tehnike.

Met ode poulevanja i n L Learningandteaching methods:
Predavanja, mentalnenvajk e i Lectures, calculation tasks, laboratory work and
seminarsko delo. seminar.

NalLini ocenjevanjaDel eH/ V Assessment:

Teoretilni del 50,00 % oral examination

pisni izpit 40,00 % written examination

seminarsko delo 10,00 % seminar

Reference nosilca/Lecturer's references:

Bizjak, Milan: The characterization of phase transformations in rapidly soliBdiedd\Cire alloys
trough measurements of the electrical -28@si st
Bizjak, Milan., Kosec L., Kneissl A.C., Kosec B.: The characterisation of microstructural changes i
solidified AlFe alloys through measurement of their electrical resistance, International Journal of M
Research, Vol. 99, No. 1, 80108,2008

Bi zj ak, Mi | an, KOSEC Borut , NAGODE Al eG, BL .
Phase Transformation and Microstructure of Rapidly SoliditedZARlloys, Journal of Ming and
Metallurgy (v objavi)



NAIl RTOVANJE MATERI AL

Ul NI NA| RT P REURSEIYALUABUS
Predmet: NaLrtovanje material ov
Course title: Materials Design
| l anica nosi | ULNTF
Member:
gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 2letnk 1.semestel obvezen

magistrski

program)

Univerzitetna koda predmeta/University course code: 0067992

Koda ulLne enote na LI ani 864
Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
45 0 45 0 0 90 6
Nosilec predmeta/Lecturer: BoGtjan Mar kol i

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji za VvkljulLitev
Gtudijskih obveznosti
Obvezna prisotnost pri laboratorijskih vajah.
Prisotnost pri predavanjih in seminarskih vajah v
skl adu s pravili @i vsi, ki
glede prisotnosti izpolnjujejo predpise UL. K
ustnemu izpitu lahko pristopijo tisti z izpolnjenimi
seminarskimi in laboratorijskimi obveznostmi.

Vsebina:

Razvoj in nalLrtovanje

uporabe in zanesljivost materialov, sistematika ir
selekcija material ov,

Predavanja/Lectures:

Obvezni / Compulsory

Sl ovenGLi na
Sl ovenGLi na

Prerequisites:

Attendance at the lab. Attendance at lectures an
tutorials in accordance with the rules of Urityarb
Ljubljana (UL). The professor’s signature is awa
to all students who comply with regulations regal
the lecture and laboratory presence at UL. The ¢
examination may be given access to those with
completed seminar and laboratory obligations

Content (Syllabus outline):

Development and designing of materials: objecti
scope aneeliability of the materials, the scheme ¢
selection of materials, design methodology.



Zgradba materialov: nastanek, definicija in anali:
osnovnitipdvof azni h in velf
di sperzija, mreHasta z
mikrostruktura, prehod enega tipa mikrostrukture
drugega in fizikalne lastnosti, nanostruktura, stel
stanje.

Stabilnost mikrostrukture: vzroki in mehanizmi
spremenb, laminati in vliaknate tvorbe, deformaci,
in rekristalizacijske teksture, metode utrjevanija i
zaviranja sprememb mikio nanostruktrunih
sestavin.

Fizikalnek e mi Lne osnove nal
elementov, konstitucijski kriteriji izbire komponer
vloga faznih diagramov; definicija osnove, dodat
in primesi, principi poizkusov.

Opredelitev nalog nalr
kerami Lni h material ov:
ter |l egirna sistemati k

zlitin, funkcionala in konstrukcijska keramika,
mikrostrukturdastnosti kot podlaga za razvoj.
Polimerne snovi: zgradba in lastnosti, termoplasi
amorfne in kristalne strukture, kompozitni polime
materiali.

Temeljna literatura in viri/Readings:

Materials structure: origin, definition and analysis
basic types of twphase and multiphase
microstructures; dispersion, net structure, duple>
dual microstructe, the transition of one type to
another microstructure and physical properties,
nanostructures, glassy state.

The stability of the microstructure: the causes ar
mechanisms of change, laminates and fibril
formation, deformation and recrystallizationutest
the method of strengthening and inhibition of mic
changes and nanostructural ingredients.
Physicechemical basics of designing: the interac
of elements, constitutional criteria of selection of
components, application of phase diagrams, the
defnition of the matrix, additions and ingredients
principles of experimentation.

Definition of the functions of planning metal and
ceramic materials: choice of alloying constituent:
alloying logic and technique, guidelines for the
selection of alloygyrictional and structural cerami
microstructurgroperty as a basis for developmer
Polymeric materials: structure and properties,
thermoplastics, amorphous and crystalline struct
composite polymeric materials.

B.D. Fahlman: Materials Chemistry, Springer, 2007

W.F. Hosford: Materials Science, Cambridge University Press, 2008

R.F. Gibson: Principles of Composite Materials 2nd ed., CRC Press, 2007

R.J. Naumann:Physics and Chemistry of Materials, CRC P®#ess, 200

B. Markoli: Struktura in lastnosti materialov: interna skripta, NTF, Ljubljana 2005

B. MARKOL I Struktur a

polprevodniki : interna skripta. 1. izd. Ljubljana: NaravoslbvnateG k a

metalurgijo, 2008.

B. MARKOL I Fizikal na

in |l astnosti materi al
fakul tet a, (
metal urgija | ternai

fakulteta, Oddelek za materiale in metalurgijo, 2009.
R.J.D. Tilley: Understanding @ésliJohn Wiley Sons Ltd. 2004
M.F. Ashbey: Materials selection and materials design,-BanttgoworthHeinemann, 1997

S. SpailL: Osnove nalrt

Cilji in kompetence:
gtudent se sez <
material ov, ka omogol
nalrtovanja. Spozna ne
nastanek, razvoj in stabilnost mgkrokro in
nanostrukture v poveze
materialov. Pridobljeno znanje je osnova za

i novativno preverjanj e
nalrtovanje ter razvoj
materialov. Pridobi kompetence pri uvajanju in
usmerjanju v sodobno r
selekcije materialoypwvezavi zgraddastnosti
namembnost.

nani S
r

ovanja zlitin 1. in 1|

Objectives and competences:

Students become acquainted with the systemati
structure and parameters of materials, enabling
understanding of the methodology of materials
designing. They learn to design a constitution, its
origins, developmemea stability of macrpmicre
and nanestructures in relation to the properties al
behavior of materials. This knowledge is the bas
validation of existing innovative materials and de
and development of metal and nonmetal materia
Get skills irestablishing and directing a modern
development work in the selection of materials ir
relation to structurpropertypurpose.



Predvideni Gtudijski r
Znanje in razumevanije:

Deklarativno znanje: Osnove zgradbe miateria
njeni tipi na mikroin nanonivoju. Stabilnost
strukturnih sestavin.
ali defektov v zgradbi materialov in vplivietena
lastnosti ter interakcija kemijskih elementov.
Samostojna priprava seminarja iz tematike peve
sodelovanjem pri aktualnih projektih.

Met ode poulevanja in
Predavanja, seminarji, raziskovalni seminariji,
|l aboratorijske vaje, ¢

projektno delo.

Intended learning outcomes:

Knowledge and understanding:

Declarative knowledge: Basics of the structure o
materials and its types in miaral nanolevel. The
stability of structural components. Understanding
nature of disorders or deffen structure of materia
and the impact thereof on the properties and
interaction of chemical elements.

Students prepare and independant seminar relal
their involvement in the current projects.

Learning and teachingmethods:

Lecturing, seminars, research seminars, laboratc
exercises, simulations, oral presentations, coope
on projects.

Nalini ocenjevanja Del eH/ V Assessment:

ocena ustnega dela izpita 40,00 % evaluation of oral examination

ocena pisnega dela izpita 40,00 % assessment of the written examination
ocena seminarja 20,00 % seminar assessment
Referencenosilca/Lecturer's references:

1) ZUPANI|, Franc, BONI|II NA, Tonica, ROZMAN,
Christian, HOFER, Ferdinand, MMINFBE Qulalloy witlBilmpEoved i

quasicrystalline forming ability. Z.gtallogr., str. 73E38.

2) MARKOLI, BoGtjan,

BON| | NA,

Toni ca, ZUPANI

metallic AIMn-Be alloy. Croat. chem. acta, Apr. 2010, vol. 83, no. 1-5skr. 49

3) PODMI LJGAK, Benj ami

n, j@KUL J,UgIEKt RkO,g MAAR K |

MCGUINESS, Paul J., KOBE, Spomenka. Microstructural changesoipeeGd[sub]5Si[sub]2G[sub]2.
magn. magn. mater.. [Print ed.], 2008, vol. 321, no. 4,-844300

i na,
Spomenka.

KOV, Al SANARREI, J MC
Mi crostr uit

electrodeposited and annealedPEloased thin films. Thin solid films. [Print ed.], 2010, vol. 518, no. 6.

4) JUYEK ROgMAN, Kri st

MARKOLI, BoGtjan, KOBE

17531755. A )

5) $m,gtku guHek RoHmMan,

B. Mar kol i, E. Sar a

of corédshell and hollow nanospheres through the nanoscat®lidication effect in the $fe(TagN
system, Nanotechnology (Bristol), 2010, vol. 218 netr 4485603-48560383



PRAKSA

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Praksa
Course title: Practical Work
| l anica nosi | ULNTF
Member:

Semestri  Izbirnost
1.semestel izbirni

s n Letnik
2.letnik

gtudi jski
Metalurgija imateriali, druga stopnje N i

progragtudiijska
Ll enitve

magistrski

program)

Univerzitetna koda predmeta/University course code: 0067977

Koda ulLne enot
Predavanja Seminar
/Lectures /Seminar

0 0

Nosilec predmeta/Lecturer:

e na LIl ani 881
Vaje Kl i ni L Drugeoblike Samostojno ECTS
[Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
60 0 0 60 4

Peter Fajfar

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:
Vrsta predmeta/Course type:  Izbirni / Elective

Jeziki/Languages:

Predavanja/Lectures:

Sl ovenGLi na

Vaje/Tutorial: Sl ovenGLi na
Pogoji za vkl julitev \ Prerequisites:
Gtudijskih obveznosti
\/pis v letnik. Entry in the academic year.
Vsebina: Content (Syllabus outline):
/'V okviru prakt iGliuaga During the practice qualification the student is

seznani z organizacijo podjetja, varnostnimi ukre
spozna tehnol oGki pr oc
prilagojene konkretnemu mestu, kjer se opravlja.
PodrolLja opravljanja g
- uvajanje v delo magistra metalurgije in material
-zasledovanpe hnol oGki h proc
- zasledovanje toka materiala,

- nadzor proizvodnega procesa,

acqiainted with the organisation of the industry,
security measurements and gets to know with th
technological process. The practical work is adaj
to the industry where the practice work is execut
The fields of practice are:

- work responsibilities afiaster of metallurgy and
materials,

- following the technological processes,



- karakterizacija materialov,
- osvoijitev pravil varnosti pri delu,
- varstvo okolja,

-vzdr Hevanje strojev i

Temeljna literatura in viri/Readings:
/' Literatura je odvi
research and content of the practice.

Cilji in kompetence:

/' Cilj praktilnega uspc
teoretilnim delom i zotl
del ovnim okol jem, kjer
znanja in izkuGnje.
Predvideni Gtudijski r
/ gtudent zna povezat.i
del ovno okol je Seznar
probke mov s podrolja met ¢
Nauli se strokovnega ¢
timu.

Met ode poulevanja in
/ gtudent v okviru pr ak

praksi. Potrditasgmentor v podjetju in mentor na
fakulteti.

ni

NalLli

Reference nosilca/Lecturer's references:

sna

- following of the flow material,

- supervision of the fabrication processes,
- characterization of the materials,

- safety regulations,

- maintenance of the production equipnaert
devices

od strokovnega podr ol

Objectives and competences:

The main goal of practice is to bridge the theoret
part of the education and reaguction
environment, where the student gains the practic
knowledge and experiences.

Intended learning outcomes:
The student learns how to connect the theoretic:
knowledge and real production environment. He

¢ acquainted with the solving of various problems

thefield of metallurgy and materials. He gains the
professional communication skills and how to wc
as a member of a team.

Learning and teaching methods:

The student is obligated to in the frame of practic
writes a report about the performed practice. Thi
must be confirmed by both, mentor in the industr
and at the faculty.

ocenjevanja Del eH/ V Assessment:



PREISKAVA MATERIALOV

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Preiskava materialov
Course title: Materials Testing
| l anica nosi | ULNTF
Member:

Semestri  Izbirnost
2.semestel obvezen

s n Letnik
1.letnik

gtudi jski progragtudiijska
Metalurgija in materiali, druga stopn N i Ll enitve

magistrski

program)

Univerzitetna koda predmeta/University course code: 0067985

Koda ulnelleanmitcei /nhL Me mb 859
Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 0 30 0 0 60 4
Nosilec predmeta/Lecturer: Milan Bizjak

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Predavanja/Lectures:

Obvezni / Compulsory

Sl ovenGLi na

Vaje/Tutorial: Sl ovenGLi na
Pogoji za vkl julitev \ Prerequisites:
Gtudijskih obveznosti:
Vpisan v 1. Il et ni k ma ¢ Enrolled in 1syear of master degree.
Vsebina: Content (Syllabus outline):
1) Fizikalne osnove mel)Physical bases of adestrutve testing methods
2) Metode, aparatur e, 2) Methods, devices, ways of visualdestructive

preiskav brez poruGit\
z laserjem, meritve oblik in dimenpipotizacija
preiskav in kontrole

3) NalLini preiskav bre
elementa: izbira PBP; metode metalografskih prt
BP (tehnike replik),
penetranti, preiskave z magnetnimi prahovi, prei

testing: visual control, laser testing, measuring o
shape and dimensions, robotisation of testing an
controlling

3) The ways of nedestructive testing (NDT) of
material: selectiometalographic investigation
(replica), sealing test, penetration test, magnetic
powder test, Eddy current test, ultrasonic test,



zvri nLni mi tokovi , prei
akustilLna emisija, rac
kotrola temperaturnih
holografija;

4) Merjenje notranjih napetosti

5) PBP specifilnih izc

polizdelek, cevi, zvami spoji, izdelki MP, zlepi,
posode z nadtlakom

6) Kvantitativna PBP:
zanesljivosti sistemov zanesljivost rezultatov kor
PBP, modeliranje na pc
metode v podporo PBP.

Temeljna literatura in viri/Readings:

acoustic emission, radiographic test, temperatur
control, optic and acoustic holography

4) Internal stress measurements

5) NDT of specific products: castings, forgings,
tubes, weldings, joints, products of powder
metallurgy, vessels.

6) Quantitative NDT: failure control, reliability
control of systems, reliability of results of NDT,
modelling, NDT supporting statisticaltihosls

1) Nondestructive Evaluation and Quality Control, 1991, ASM International,

2) P.E. Mix: Introduction to nondestructive testing; A training guide; 1987, J. Wiley and Sons;

3) Nondestructive Testing Handbookl.\+-10, 1987, American Society for Nondestructive testing inc.
4) J. Krautkramar, H. Krautkramar: Werkstoffprifung mit Ultraschall; 1986, -Seriager

5) Failure Analysis and Prevention, Metals Handbook, Vol. 11, 2002, ASM international,

6) H. Chics, T. Saito, L. Smith; Springer Handbook of Materials Measurement Methods, 2006, Spr

Verlag;

Cilji in kompetence:

Spoznanje fizikalnih, eksperimentalnih in materic
osnov preiskav materi e
eksperimentalne tehnike in metodike, rokovanja
instrumenti, postopko\
pisanje porolil in zag
pri raziskavah realnih problemov; kontrola kvalite

Predvi deni
Znanje in razumevanije:
Razumevanje metod in r
neporuGni h preiskav ir
kemi Lni h |l astnost:i ma t

Gtudijski r

Met ode poulevanja in
Predavanje, laboratorijske vaje, seminar

Objectives and competences:

Knowledge about physical, experimentathssy
material bases of naolestructive testing;
experimental techniques and methods; instrume
handling, procedures and ways of analysis of the
results; writing reports and notes, standards and
cooperation at investigations of real problems; g
cortrol;

Intended learning outcomes:

Knowledge and understanding:

Understanding the methods and planning NDT a
well as monitoring certain physical and chemical
properties of the material

Learning and teaching methods:
Lectures, laboratory worktdrials

NaLini ocenjevanj a Del eH/ V Assessment:

pisni izpit, 50,00 % examination,

ustno izpraGevanje 40,00 % oral,

naloge, projekt 10,00 % coursework, project

Reference nosilca/Lecturer's references:

LOJEN, Gorazd, ANgEL, Ilvan, KNEI SSL, Albert

Milan. Microstructure of rapidly solidifiedA&tNi shape memory alloy ribbons. J. mater. process. tect

[Print ed.], May 2005, vol. 162/163, str-229)
BIZJAK,Mi | an, KOSEC, Ladi

sl av, KOSEC, Borut , Al

transformations in rapidly solidifiedF and Cdre alloys through measurements of the electrical resit



and DSC = Karakterizacija faznih transformacija brzo skrudiéhi CuF e sl i t i ne por
el ektrilLne otpornosti [ di ferencijalno ske-ni
286, ilustr

BIZJAK, Milan, KOSEC, Ladislav, KNEISSL, Albert C., KOSEC, Borut. The characteoisation
microstructural changes in rapidly solidifiellefdlloys through measurement of their electrical resista
Int. j. mater. res., 2008, vol. 99, no. 1, st¥1081



PREOBLIKOVANJE 2

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Preoblikovanj@
Course title: Forming 2
| l anica nosi | ULNTF
Member:

gtudi jski
Metalurgija in materiali, druga stopn N i
magistrski program)

progragtudiijska
Ll enitve

Semestri  Izbirnost
2.semestel obvezen

s n Letnik
1.letnik

Univerzitetna koda predmeta/University course code: 0067986

Koda ulLne enote na LIl ani 860
Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms /Individual
of study student work
45 10 35 0 0 90 6

Nosilec predmeta/Lecturer:

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:

Vaje/Tutorial:
Pogoji za VvkljulLitev
Gtudijskih obveznosti:
Vpi s na magi sterski Gt
Vsebina:

UVOD: Pregled preoblikovalnih postopkov in

njihovih tipLlnih fizilk
procesov ter ,njtiihpivian &
funkcije in omejitve, optimiranje in inverzne anali

TEORETI | NI DEL

PRIMARNE ANALIZE preoblikovalnih procesov,
mehanske analize napetostatormacijskih polj,
temperaturna polja med preoblikovalnimi proces

Predavanja/Lectures:

TomaH Rodi L

Obvezni / Compulsory

Sl ovenGLi na
Sl ovenGLi na

Prerequisites:

Entry in the academic year

Content (Syllabus outline):

INTRODUCTION: Overview of material forming
processes and theiritygd physical responses,
process parameters and their sensitivities, typice
objective functions and constraints, optimisation
inverse analyses.

THEORETICAL PART
PRIMAL ANALYSES of material forming process
mechanical analyses of stetissin field,




preoblikovanje ob prisaisti elektromagnetnih pol]
analize vezanih termomehanskih in magnetno
temperaturnanehanskih polj med preoblikovalnin
procesi

OBl UTLJI VOST PROCESOV,
funkcional ov, obLutl ji
odvisnih in vezanih polj, metode neamega in
neposrednega odvajanj ¢
procesov

OPTIMIRANJE NELINEARNIH PROCESOV:
formulacije namenskih funkcij in omejitev, metod
reGevanja, optimizaci]j
konjugiranih vrednosti, Kvadewtonove metode),
optimizaga z omejitvami (pogoji za lokalni minim
Z omejitvami, kazenske metode, zaporedno kvac
programiranje

TEHNOLOgKI DEL
PREOBLIKOVANEC: napetostdeformacijska
polja v preoblikovancu, tok snovi, analize napak
polju pomikov, kriteriji preoblikovaltioza masivno
preoblikovanj e, mej ne
nalrtovanje predobl ik
ORODJA: napetostndeformacijska polja v orodiit
zanesljivost orodij, mikromehanska napetostna <

v tipilnih orodnih mat
analize stobashalwizbrk
TRI BOLOgKI SI STEMI v ¢
mi kromehani ka hrapavit

maziv, temperaturne razmere in prenos toplote r
stiku med preoblikovancem in orodjem,

hi drodinami ka tekolLiGh
PREOBLIKOVALNI STROJI: osnovni parametri
preoblikovalnih stroje
izdel kov in vzdrHIljivc
stiskalnic

M5 PREOBLIKOVALNI SISTEMI

Temeljna literatura in viri/Readings:
T. Rodi L, Preobl i
9616047329

kovan

Cilji in kompetence:

Cilj predBetuaeine en wli
znanja iz nauka o mat e
analiz in ralunalni Gt
tehnol ogi j na podroljt
materialov.

Za ulLinkovito soolanije
izzivinapodws L'j u pl asti lLnega
material ov bomo Gtuder
sodobne M5 metode za analize preoblikovalnih
procesov, ki vkl juLuj e

ter momehanski h probl er
fizikal ni h poihjndimenziskia z
skalah; analize kontaktnih problemov med

temperature fields during material forming proce:
forming in the presence of electromagnetic fields
inverse analyses of coupled thermomechanical ¢
mechanicahermalmagnetic fields during material
forming

PROCES SENSITIVITIES, definition of resse
functionals, sensitivity of stationary, transient ant
coupled fields, direct differentiation and adjoint
methods to determine process sensitivities.
OPTIMISATION OF NON-LINEAR
PROCESSES: formulation of objective functions
constraints, optimisationethods without constrain
(Conjugated methods, kvazi Nweton methods),
optimisation with constraints (conditions for local
minimum with constraints, penalty methods,
sequential quadratic programming.

TECHNOLOGICAL PART

WORKPIECE: stresstrain fields i workpiece,
material flow, analyses of defects in displacemer
fields, formability limits for bulk and sheet formin
operations, design of preforms and forming
sequences.

TOOLS: stresstrain fields in tools, reliability of
tools, micromechanical stre®in fields in typical
tool materials, damage mechanics, stochastic
influences on service life of tools.
TRIBOLOGICAL SYSTEMS in material forming
processes, micromechanics of rough surfacess \
lubricants, temperature evolution and heat transi
thetool-workpiece contact interface, hydrodynam
of liquid lubricants, surface wear.

FORMING MACHINES: basic parameters of
forming machines and their influence on tool ser
life and product tolerances, mechanisms and stif
of forming machines

M5 FORMING SYSTEMS

je 11, Naravosl ovnot el

Objectives and competences:

Main objective of this subject is to teach student:
how to integrate fundamental knowledge about
materials, mechanics, numerical analyses and
computer sciensen the design of complex formin
technologies based on plastic deformation of
materials.

For efficient solutions of future technological

challenges in the area of material forming we wil
teach students how to apply modern M5 method
analyses of foring processes that include treatme
of coupled thermomechanical problems by taking
into account different physical fields at various til
and length scales; analyses of contact problems



def ormabil ni mi tel esi ;
procesov; inverzno modeliranje; formulacije
namenskih funkcij in omejitev za M5 procese ter
metode optimiranja.

Prakti lLne M5 pr eoldikoeance
orodji, kontaktnimi pc
stroji bodo Gtudent:i r
met odi konlLnih el ement
vV aj Predmet bo vIjule

jih razvijamo v okviru projektodEMPUS in
mednarodnega sodel ovar
Sredozemlja, Alp in Zahodnega Balkanana.

Predvideni
Znanje in razumevanije:

Gtudijski r

Celostne analize M5 problemov.

Poi menovanje M5 i #ield, r ¢
Multi-scale, Mulbody, Multiphase & Multi
objective)

Met ode poulevanja in
Predavanja, vajelzu | ni ci , ralun
eksperimentalnem laboratoriju, seminatriji

between deformable bodies; sensitivity analyses
M5 processes; ierse modelling; formulations of
objective and constraint functions for M5 proces:
and methods for their optimisation.

Students will be solving practical M5 problems
related to workpieces, tools, contact surfaces an
forming machnices with virtual modsdsed on
finite element method and in the scope of labora
exercises. The subject will be integrated into
international network, that is being developed in
scope of TEMPUS projects and international
collaboration with Mediteranean countries, Alpin
region and Western Balkan.

Intended learning outcomes:
Knowledge and understanding:

Holistic analyses of M5 problems where the tern
denotes their Mulfield, Multiscale, Mulibody,
Multi-phase and Multibjective aspects

Learning and teaching methods:
Lectures, exercises in the classroom as well as i
computer and experimental laboratories; semina

Nalini ocenjevanja Del eH/ V Assessment:

pisni izpit, 50,00 % examination,

ustnoi zpr aGevanj e, 40,00 % oral,

naloge, projekt 10,00 % coursework, project

Reference nosilca/Lecturer's references:

STUPKI EWI CZ, Stani sl aw, KOREL C, JoHe, DUTKO,

large deformation frictional contpobblems. Comput. methods appl. mech. eng.. [Print ed.], 2002, vc
issue 33, str. 358581, ilustr. [COBISS:E) 1658977]

| BRAHI MBEGOVI i, Adnan, GREgOVNIK, Il gor, MARI
TomaH. Shape opghaseinekiz materiabwith midrosttusiuce. Eng. comput., 2005, letr
no. 5/6, str. 606&45. [COBISS.9D 556639]

RODI|, TomaH, CUKJATI, Domen, GREgOVNI K, 1 g¢
tribological conditions in can forming. Eng. comput., Ba0522, no. 7/8, str. 979. [COBISS.9D
639839]

RODI |, TomaH, KORELC, Jo He ;madorahafysisohthe Bd damadga in «
precision forming=Mikbmma k r oanal i za poGkodb orodja za na
G.16, str. 24246. [COBISS.SD 579242]

KRUg!lI |, Vid, MAgQERA, Sebastjan, PEPELNJAK,
PRI STOVgQEK, Anton. The impact of the for mint

accuracy in cold forming. Internatiooairdal of Microstructure and Materials Properties, 2009, vol. 4,

5/6, str. 547561, ilustr. [COBISS-8) 11288091]
KRUgI |, Vid, MAgERA,

Sebastjan,

PRI STOVgEK,

responses of typical cold forging systemsitér.mrocess. technol.. [Print ed.], 2009, vol. 209, iss. 11,

49834993. [COBISSAD 1007711]
RODI |, TomaH, LANGUS,

Janez. Advanced M5 mo

2010, vol. 33, no. 9, str. 142182. http://dx.doi.org/D.1002/ceat.201000065, doi: 10.1002/ceat.2010C

[COBISS.SID 1093215]

CVAHTE, Peter, KUGL ER,

Goran, RODI|, TomaH.



during extrusion of aluminium alloys. Inform. Technol. Mater., 2010, vol 418tm@94806. [COBISS.SI
ID 1092959]

RODI |, TomaH, QgUgGTAR, TomaH, JgUGTARI |, Pri mq
implementation of pressure, time and temperature superposition farisdaglastic material model by
using a symbolic approach. In  j . numer . met hods e n4f4,ilustrg dot: .

10.1002/nme.2903. [COBISSI315006433]



RA|l UNALNI gKA ©ONMNMATRRIATH

Ul NI NA| RT P REURSESYAUABUS

Predmet: RalLunal ni Gka znanost o materi a
Course title Computational Materials Science

| l anica nosi | ULNTF

Member:

gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 1lletnk 1.semestel obvezen
magistrski program)

Univerzitetna koda predmeta/University course code: 0067987
Koda ulLne enote na LIl ani 855

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms /Individual
of study student work
45 15 30 0 0 90 6

Nosilec predmeta/Lecturer: Dr. David Bombal, Goran Kugl el

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:  Obvezni / Compulsory

Jeziki/Languages: Predavanja/Lectures: Sl ovenGLi na
Vaje/Tutorial: Sl ovenGLi na

Pogoji za vkl joptavljanev \ Prerequisites:

Gtudijskih obveznosti

vpis v |l etnik Gtudij a entryinthe academic year and basic knowledge

fizikalne metalurgije in termodinamike. programming, physical metallurgy and

thermodynamics.
Vsebina: Content (Syllabus outline):

Pri predavanjih bodo obravnavane naslednje ten The topics that will be covered in this course are

A Uvod: Zakaj model ireéA Introduction: Why mc
A Koncept posploGenih A The General ionced St at
A Numerilno modeliranjA Numerical Modeling e
A Kategorije model ov A Categories of Model ¢
A Atomistilni modeli A Modelling on atomi st
A Ab initio metode A Ab initio methods




A Malérreaklinamika

A Monte Carlo metode

A Kinetilna Monte Carl
A Analiza in vrednoter
simulacij

A Modeliranje na mikrc
prostorski skali

A Pottsova Monte Carlc
A Metoda faznega polje
A Met omaamejs | ed e

A Level set metoda

A Celilni avtomat.i

A Dislokacijski model.
A ZdruHevanje simulaci
Lasovni h skal ah

Pri wvajah bodo dobili

simulacije, ki jo bodo na vajah uporabljali in jo tu
spreminjali. \bkviru vaj in seminarja bomo
diskutirali tudi o aktualnih in pomembnih
znanstveni h Llankih s
ovrednotili.

Temeljna literatura in viri/Readings:

A Mol ecular dynamics
A Monte Carlo methods
A Kinetic Monte Carlo
A Analysis and evaluat
simulatios

A Modeling on microscc
scale

A Potts Monte Carl o me
A Phase field method
A Front tracking met hc
A Level set method

A Cellular automat a

A Discrete Dislocatior
A Multiscale modeling

At tutorial the studdgs will use and modify
prewritten computer codes. Recent important
research articles from the area of modeling will &
discussed and evaluated at tutorials and semina

A D. Raabe: Comput Bhe Sinufaioh of Maetiats Micrastrigtur€s@nd e opertie
WileyVCH, Weinheim, 1998

A z. H. Barber: Introduction to Materials M
A D. cC. Rapaport: The Art of Mol ecul ar Dynai

A MLandau, K. Binder: A Guide to Monte Carlo Simulations in Statistical Physics, Cambridge Ui

Press, Cambridge, 2000.

A B. Chophard, M. Droz:
Cambridge, 1998.
A K.

Cel l ul ar Automata mi

OBsfagani, ad Y. Kawazoe: Introduction to computational materials science: from ab

Monte Carlo methods, Sprinéarlag: Berlin, New York, 1999.

A Handbook of Materi al
A Zwemst Ll anki, ki ji
Cilji in kompetence:

Cil ji gtudent dobi pr
ralunal ni Gkega model ir
materialihis e j i h nauli upor
met odami modeliranja i

mikroskopski in mezoskopski prostorski skali in ¢
konceptom velnivojske
Predmetno specifilne
spoznali tako prednogot tudi slabosti
obravnavanih metod. Velik poudarek bo na
pridobivanju praktilLn
izvajanju ralunal ni Gk

¢
k

Predvideni Gtudijski r
V okviru predmeta bodc
sposobnost pravignizbire modelov in simulacijskit
orodi j za specifilno ¢
Sspoznanj iz enega podr
metalurgije na drugo.

Nadalje bodo poglobili njihovo razumevanije fizik

h bo

s Model i edited by

predavat

ng,
razdel il

Objectives and competences:

Objectives: Learn key concepts and major topics
computer modeling through which materials
scientists anahetallurgists study and apply these
methods on atomistic, microscopic and mesoscc
spatial scales to understand and predict phenomr
and properties of materials.

Competences: Students will get familiar with
computational methods and will learn of their
strengths and limitations. They will gain the abilit

i apply fundamental knowledge on materials modk

via computer simulations.

Intended learning outcomes:

By the end of this course students will obtain abi
to select a computational method that are approj
for a given materials study and to transfer the
knowledge between d@ifént fields of materials
science and metallurgy. Further, they will deepel
understanding of physical and metallurgical proc



met al ur Gki h
Pridobljeno znanje s ¢
materialih jim bo omoc¢
podobnosti, kot tudi razlike med raznimi metodal
Sposobni bodo reGevanj
nal og in kritilLnega io\
in njihove natanlnosti
ralunal ni Gki h eksperir
mat emati Lni mi in fizik

[

L

pr oc eabho v,

predstaviti v razlilhn
gtudentje se bodo nau
znanstveni periodikn ovrednotiti kvaliteto in

pomembnost objavljenit

Met ode poulevanja in
Predavanj a,
algoritmov), projektno delo.

vaje in dc

that takes place in materials. They will demonstr.
knowledge of topics in computational materials
science that enaltlee comparison of similarities al
differences among available methods. They will
capability to solve a wide range of practical prob
and to critically evaluate results of simulations ar
their accuracy. They will be able to process the r
of computer experiments employing different
mathematical and physical tools and present the
various formats. Students will learn to analyze
contemporary modeling studies in journals and t
evaluate the quality and significance of works
published in inteational journals from these field:s

L Learning and teaching methods:

Lectures. Exerci ses
algorithms). Project work

ar

NaLini ocenjevanja Del eH/ V Assessment:

A ocena domalih na 50,0000 A mar k of homewor k
A ocena projektneg 2500% A mark of project
A ocena ustnega iz 2500% A mark of the or al

Reference nosilca/Lecturer'sreferences:

G. Kugler, R. Turk: Modeling the dynamic recrystallization undestagdthot deformation, Acta Mater.

52 (2004), 46586568

G. Kugler, R. Turk: Study of the influence of initial microstructure topology on the kinetics of static

recrystallization using a cellular automata model,

M. TerbLelj, R. Tur k,

G.

Comp. Mater. Sci., 37, €2006), 284
giauoftheenfluencd of chdPheal ecoBpositiNin

surface cracking during hot rolling of AlSI D2 tool steel, Comp. Mater. Sci., 42 (2638), 625

A. Tur k, S. Pu,

Diazdé& ©astithoaH.l., Galinddl&va: RuantiRcatiwreof hydrogen

trappng in multiphase steels : partéffect of austenite morphologyta Mater197(2020), 2538

D. Bombal, [ H. Kat zar

local equilibrium and effective diffusivityhydrogen in iroriViater. Sci. Tech88(2017), 150614

D. Bombal, G. Kugl er:

oV, D. L. Pashov, A. T.

I nfluence of dudldyuvakinetc

Monte Carlo study, Mater. Eng. Perfd4{2015), 238389



SPECIALNEJEKLARSKE TEHNOLOGIE

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Specialne jeklarske tehnologije
Course title: Special Steelmaking Technologies
| l anica nosi | ULNTF
Member:
gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost

Metalurgija in materiali, druga stopn N i

magistrski

L'l eni tve 2letnk 1.semestel izbirni

program)

Univerzitetna koda predmeta/University course code: 0078011

Koda ulLne enot
Predavanja Seminar
/Lectures /Seminar

15 15

Nosilec predmeta/Lecturer:

e na LIl ani 877
Vaje Kl i ni L Drugeoblike Samostojno ECTS
[Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
20 0 10 60 4

MatjaH Knap

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:
Vrsta predmeta/Course type:  Izbirni / Elective

Jeziki/Languages:

Predavanja/Lectures:

Sl ovenGLi na

Vaje/Tutorial: Sl ovenGLi na
Pogoji za vkl julitev \ Prerequisites:
Gtudijskih obveznosti:
Opravl janje Gtudi j s ki I Liabilties are defined in the regulations on
pravilni ku o pr eventoyrar examination and evaluation of students at ULNT
UL NTF. Za pozitivno i Forapositiveand successful attendance of their
Gtudijskih obveznost i @ duties students are encourage to regular atterafe
se priporola redno obi lectures, additional domestic more complex work
dodatni h domalLi h bol j more andappropriate preparing to laboratory wi

predpriprava pred izvajanjem laboratorijskjitter
izkazana aktivnost in vsaj 80 % prisotnost na vaj

At least 80% attendance at tutorials is needed.

Vsebina: Content (Syllabus outline):
VelLfazni si st emi pri [ Multiphase systems in steel:
Tvorba trdnipl i bakdl ht Formation of solid, liquid and gaseous particles i



sistemih.

Tvorba kompleksnih vkl
-Tvorba kompl eksnih ok
- Tvorba sulfidov in njihova topnost

Prenos snovi pri metalurgiji jekla in zlitin:

Gi banje talinemétalAurn €
reaktorjih.

Gi banje trdnih delcev

Tvorba skupkov (cluster) dezoksidacijskih in
rafinacijskih produktov in gibanje v talini.

Prenos trdnih delcev iz toka plina v talino.

Gi banje mehurjev nidince
gibanje mehurjev inertnega plina, gibanje mehur

plina, ki reagira s te
Kinetika metalur Gki h r
Kinetika reakcij pri t

Kinetika reakcij pri taljenju ferozlitin.

Taljenje in raztapljanjerhogenih poroznih snovi v
talini jekla:

- Stalni fazni kontakt

- Prehodni fazni kontakt

Met al ur Gka ker ami ka, C
obzidava metalur Gki h r
Reakcije na fazni dtaed. i
Reakcije na f aagradivatmelf d
HI i ndr a.

Reakcije na fazni Opha.j i
Obraba ognjevzdr HAni h r
Mehani z mi korozije ogr
Modeliranje metal ur Gki
Modeliranje prenosa sfr
Modeliranjea zt apl j anja in t;
reaktorjih.

Uporaba vodnih modelov pri raziskavah. intenzit
in mesta vpihavanja plinov (kisika, inertnega plin
modele talilnih agregatov.

Numeri Lno modeliranje
- laminarni tok

- turbolentni tok

Moddiranje dvofaznega toka
-dve tekolini
- kovinska talina in trdni delci
-gi banje mehurlLkov v Kk
Izbira procesov, tehnologij in reaktorjev glede na
vrsto in kolilLino izde
Elektro pretaljevanje pétl i ndr o ( EP¢
Priprava elektrode za pretaljevanje, kinetika talje

(talina

el ektrode, rafinacij sk
in rafinacijski uli nek
Tvorba kaplje, potovar
El ektro pretaljevamjeen
tlaku (PEPg)

VIiv tlaka na potek me
izdelkov.

Elektro oblolLna pel z
in skozi Bn@® peli ( EAF

Prednosti EAFBTO v primerjavi z EAF, razvoj
tehnologije izdelave jekla v EOP in njen vliv na

multiphas systems.

Formation of complex inclusions in steel making:
- the formation of complex oxide inclusions;

- the formation of sulphides and their solubility
Mass transfer in metallurgy of steel making and i
Melt and slag flow in various metallurgezattors.
Movement of solid particles in the melt and in the
molten slag.

The formation of clusters of deoxidized and refin
products and their movement in the melt.
Transfer of solid particles from the gas flow into 1
melt.

Gas bubble movement in theltrand in liquid slag:
the movement of inert gas bubbles, the moveme
gas bubbles, which react with the melt or slag.
Kinetics of metallurgical reactions and melting:
Kinetics of reactions at smelting of metallic charg
Kinetics of reactions at sniredf of ferrealloys.
Melting and solving of homogeneous porous.
substance in liquid steel:

- Constant phase contact

- Transitional phase contact

Metallurgical ceramics, refractory materials and |
of metallurgical reactors

Reactions at the phase boumdd the refractory
material® melt.

Reaction at the phase boundary of liquidslag
refractory materials.

Reactions to the phase boundary of the refractor
material® gases.

Wear of refractory materials.

Corrosion mechanisms of the refractory material
Modelling of metallurgical processes

Modelling of mass transfer in metallurgical reactt
Modelling of solving and melting in metallurgy
reactors.

The use of water models in research of intensity
injection points of gases (oxygen, inert gas) into
models of smelting aggregates.

Numerical modeling of melt flow:

- the laminar flow

- the turbulent flow

Modelling of two phase flow:

- two fluids (liquid melt and slag)

- metal melt and solid particles

- the movement of bubbles in the metal melt
Selection oprocesses, technologies and reactors
regard to the type and quantity of steel melt:
ESA Electric Slag Remelting

The preparation of electrodes for remelting, the
kinetics of electrode melting, refining slag, moulc
cooling and the effect of refininggs.

The formation of drops, drop movement through
liquid slag.

PESR Pressure Electric Slag Remelting
Pressure influence on the course of metallurgica
reactions and quality of products.

EAF-BTO Electric Arc FurnaceBottom Top



kvaliteto izdelanega jekla, produktivnost, energer
in varstvo okolja.

Indukcijsko taljenje in vlivanje v vakuumu (VIM
Vacuum Induction Melting)

Tehnologija izdelave in vlivanja jekla v indukcijsk
vakuumskih napravah.

Vakuumska oblolLna pel
Prednost i n sl abosti izde
nizkem tlaku v peleh z

Pred zalLetkom predavar
razdeljeno Gtudijsko ¢

Temeljna literatura inviri/Readings:

Oxygen

The benefits dEAF-BTO in comparison with the
EAF, the development of steelmaking technolog
the EOP and its influence on the quality of produ
steel, productivity, energy and environmental
protection

VIM Vacuum Induction Melting

Steelmaking and casting in vacuumation devices
VAF Vacuum Arc Furnace

The advantages and disadvantages of steel proc
at reduced or low pressure in the arc furnace he:

Prior to the beginning of lectures and tutorials
literature will be distributed.

Ghosh A., Chatterjee A.: IRONMAKING AND STEELMAKING THEORY AND PRACTICE, PHI, 2C
U. K. Mudali, B. Raj: HIGH NITROGEN STEELS AND STAINLESS STEELS, Alpha Science

International Ltd., UK, 2004

Ahindra Ghosh: SECONDARY STEELMAKING; CRC Pré2601)

Cilji in kompetence:

Za sodoben in sonarave
naj bol j raziskovan in
material.

Za reGevanje energet sk

transportnih, konstrukcijskih in podobproblemov
Helijo narolniki vednc
zagotavljajo Helene urg
nenehen razvoj novih inovativnih procesov
proizvodnje jekla in ¢
visoko vsebnostjo legirnih elementov.

gt u d edo maiosndwvioprimerov izdelave specia
vrst jekel, s povi Gani
elektromagnetnimi in podobnimi lastnostmi, spoz:

procese in tehnologi]j e
jekel.
Namen tega predmeta | e

izbrati primerno tehnologijo in proces, ki bo
prilagojen oz. optimalen za izdelavo izbrane vrst
jekla.

Predvi deni Gtudij ski r
Znanje in razumevanje:

gtudent i bmahe, kisagd dobilapdi i
predmetih s podrolja i
Naulildi se bodo kako z
orodi j obvl adovati voc

nastopajo v postopku izdelave jekla. Ta znanja s
potrebna za izdelakoalitetnih vrst jekla.

Spoznali bodo specialne agregate potrebne za
izdelavo specialnih jekel in temu prilagojene pos
in tehnologije.

Objectives and competences:

Iron and steel are the most researched and impc
metallic material for a modern and sustainable
development.

For the energy, environmental, trantgtion,
construction and other issues users always dem.
new types of steel, which provide the desired
application properties. This is the reason for the
continued development of new innovative proces
of production of steel and other ferroalloyh @it
high content of alloying elements.

Students will learn on the bases of examples ab«
the processes and technologies that enable the
production of special steels, with increased
mechanical, corrosion, electromagnetic and simi
properties.

The purposef this course is that students will be
able to choose appropriate i.e. optimal technolog
and process for production of selected of steel ty

Intended learning outcomes:

Knowledge and understanding:

Students will build upon the knowledge digined
from subjects in the field of steel making and
ferroalloys making.

Students will learn how to usage of thermodynar
tools help by governing metallurgical reactions a
thus influence steel making. This knowledge is
needed for production of higjuality steel grades.
They will study the special aggregates required f
production of special steels and the processes a



Znanje, ki ga bo pridobil pri tem predmetu je technologies connected with it.

nadgradnja oz. pogl obl Acquiredknowledge is an advancement or. ever
procesu izdelave jak deeper study of various stages in the steelgmakir
Razumeli bodo, da je poznavanje osnovnih process.

termodi nami Lni h i n met Theywill understand that the base knowledge of
v postopku izdelave jekla, pomembno za optima thermodynamics and metallurgical reactions that
vodenje izdelave specialnih jekel. occurs in the steel making is important for optim:

control of special steel production.

Met ode poulevanja i n L Learningandteaching method:

Predavanja, seminarji, seminarske in laboratorijs Lectures, seminars, tutorial and laboratory work,
vaje, terenske vaje, samostojno delo fieldwork, individual work

NaLini ocenjevanja Del eH/ V Assessment:

ustni izpit 60,00 % oral exam

pisniizpit 20,00 % examination

semi narska nal oga 20,00 % seminar work and the report of the

vaj laboratory work

Reference nosilca/Lecturer's references:

A BURJ A, Jaka, TEHOVNI K, Franc, LAMUT, Jak
il menite in a steel me | t = Alumotermilna r et
str. 217222. [COBISS.$D 976298]

A LAMUT, Jakob, KL KU S, Jan, JURJEVEC, Beno, KNAP,
modi fication on nozzle clogging = WpGyw mod"
zanurzeniowych. Archives of metallurgy and materials, 2012, vol. 57, no.-324tr[@BISS.SID
1211231]

A LAMUT, J., KNAP, M., TOLAR, M., ROZMAN, A.. Slag composition in making alloyed stee
MARKOVI I, Zoran S. (ur . ). Pr oceedi-GRq[€0OBISB.8D :
528735]



STRUKTURNA KERAMIKA

Ul NNAI RT PREDMETRASYOORUSS

Predmet: Strukturna keramika

Course title: Structural Ceramics

| l anica nosi | ULNTF

Member:

gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 2letnk 1.semestel izbirni
magistrski program)

Univerzitetna koda predmeta/University course code: 0078014
Koda ulLne enote na LIl ani 871

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 0 30 0 0 60 4

Nosilec predmeta/Lecturer:

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

l zvajal cva: kIl in
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:
Vrsta predmeta/Course type:  Izbirni / Elective

Jeziki/Languages: Predavanja/Lectures: Sl ovenGLi na
Vaje/Tutorial: Sl ovenGLi na

v del o Prerequisites:

Pogojizav k|l j ulLit ev
h obveznosti

Gtudijski

Vpis v letnik. Entry in the academic year.

Vsebina: Content (Syllabus outline):

A Pregled razvoja kerc¢A History and Devel opr
A Tipi keramilnih mat € (Ceramics)

uporala. A Types of Ceramics ar
A Osnovne zakonitosti A Background Needed tc
| astnosti i n pripr ave Processing of Ceramic

A lzdelava keramilnih A Processing of Cer ami
oblikovanje, sintranje in razvoj mikrostrukture, Forming, Sintering, Microstructure, Characteriza
karakterizacija. A Mechanical, El ectric

A Mehanske, el ektr i L nePropertiesand Weaknesses




in slabosti

A Visokotemperaturna k
A N&eoami Lni kompoziti
A Biokeramika

Temeljna literatura in viri/Readings:

Cilji in kompetence:

Cilji:

i) Posredovati osnovno znanje o sestavi, zgradbi
| astnosti h Hogteranjihovi ni h
uporabnosti na razlilr
tehnike in medicine.

ii) Doseli razumevanje
mikro nivoju, ki so pomembni za razumevanje
obnaGanja material a.

iii) Predstaviti pojave, ki potekajo med materialor
okolico med uporabo.

iv) Seznanit.i
materiali.

Gtudent e

Kompetence sl uGatel | a:
A Pozna |l astnosti kere
pojave, ki potekajo med materialom in okolico m

uporabo;

Zna i zbrati i n tukeigke ¢
materiale na razlilnit
in medicine.

A Obvlada napredne ker

Predvi deskirezult@t udi j

A Zna izbrati in upor e
materiale za razlilne
A Razume |l astnosti in
izdelave drugih materialov in

uporablja pridobljeno znanje na
podrolju inHenirstva

A

Obvpaddneaker ami Lne

Met ode poulevanja in
Predavanja, vaje, individualne naloge,
samostojni Gtudi j

A HTeqyperature Ceramics.
A Nanoceramic
A Bioceramics.

Composit

A C.B. CARTER, M. G. NORTON, Ceramic Materi al
A w. D. KI NGERY, H. K. BOWEN, D. K. UHL MANN,,
A SJIDKIG L.KANG, Sintering:DensificaticBrain Growth &Microstructure, Elsevier 2005

A D. KOLAR, Tehnilna keramika, ZRS za Gol st

Objectives and competences:

Objectives:

i) To explain the fundamental knowledge about t
composition, structure and properties of ceramic
materials and its appliddt in various fields of
nature, technique and medicine.

i) To achieve the understanding of mechanisms
the material on micilevel, which are important for
the understanding of materials behaviour.

iii) To present the phenomenon that occur during
exgdoitation between the material and its
surroundings.

iv) To acquaint the students with the advanced
ceramic materials.

Competences:
A Student is familiar
ceramic materials and understands the phenome
that can occur during dgftation between the
material and its surroundings.
A  Knows how to

sel ect

construction applications in various fields of scie
engineering and medicine.

Il s competent in the
materials.
Intended learning outcomes:
A  Knows how to select

applications in different fields of application.
A Understands the proyg
manufacture of other materials and uses this
knowledge on the engineering field

Il s competent in t
materials.

he

Learning and teaching methods:
Lectures, exercise, individual work, independent
study.

NalLini oxenjevanij Del e A/ V Assessment:
Pisni izpit in ust 50,00 % Written and oral examination and oral
RalLunske in | abora 50,00 % Coursework



Reference nosilca/Lecturer's references:

1. DOMI NKO, Robert, BELE, Marjan, GABERgl EK,
PEJOVNIK, Stane, JAMNIK, Janko. Impact of the carbon coating thickness on the electrochemica
performance of LiFePO[sub]4/C composites. J. Electrochem. Soc., 2005, stol ABRFA610.
[COBISS.SID 18788391]

2. PEJOVNI K, Stane, DOMI NKO, Robert, BELE, I
Electrochemical binding and wiring in battery materials. J. power sources. [Print ed.], 2008, vol. 18
593597. [COBISSHD 3987994]

3. PEJOVNIK, Stane, KOLAR, Drago, HUPPMANN, W. J., PETZOW, G. Sintering of Al[sub]20][su
presence of liquid phase. Sci. sinter., 1978, vol. 10695tr[@@BISS.9D 10039591]

4. PEJOVNIK, Stane, BELE, Marjan, DOMINKO, Robert, DREOR | K, Jernej, GAB
of materials science principles in battery design: gelatin in lithium batteries = Uporaba

5. GENORI O, BoGtjan, STRM| NI K, DuGan, SUBBAI
KARAPETROV, Goran, STAMENKOVIC, Vojislav, PEJOVNIK, StaM&ARKOVIC, Nenad M. Selectiv
catalysts for the hydrogen oxidation and oxygen reduction reactions by patterning of platinum with
calix[4]arene molecules. Nature materials, 2010, vol. 9, no. 121863 988i: 10.1038/NMAT2883.
[COBISS.SID 34569477]



TEHNOLOGIJA ALUMINIJA

Ul NI NA| RT P REURSESYAUABUS

Predmet: Tehnologija aluminija

Course title: Aluminium Technology

| l anica nosi | ULNTF

Member:

gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost
Metalurgija imateriali, druga stopnje N i Ll enitve 2letnk 1.semestel obvezen
magistrski program)

Univerzitetna koda predmeta/University course code: 0067993
Koda ulLne enote na LIl ani 865

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
45 10 30 0 5 90 6

Nosilec predmeta/Lecturer: Al eG Nagode, JoHef Medved

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:  Obvezni / Compulsory

Jeziki/Languages: Predavanja/Lectures: Sl ovenGLi na
Vaje/Tutorial: Sl ovenGLi na

Pogoji za vkl julitev \ Prerequisites:

Gtudijskih obveznosti

Vpis v letnik. Entry in the academic year.

Vsebina: Content (Syllabus outline):

Pridobivanje aluminija: Boksit; Glinica; Bayerjev = Production of aluminium.Bauxite; Alumina; Baye

postopek; Elektroliza glinice ( Ha#roult process; Electrolytic reduction /Hekroult

postopek); Termodinamika elektrolizne redukcije process); Thermodynamics of electrolytic reducti
Al ternativne met ode pr Alternative methods of producing aluminium;
aluminij; Obdelava taline (rafinacija, udrobnjevar primary (commercial) aluminium; Superpurity

modifikacija) Riizvodnja zlitin iz primarnih in aluminium; Production of Aluminium alloys from
sekundarnih surovin. Postopki litja aluminija in zI primary and secondary materials. Aluminium anc
(kl asi Lno, pol kont i nui alloycasting processes (classicalceatimuous,

Recikliranje sekundarnih surovin continuous).




Reci kliranje sekundarrtr
energij skega vpriplaveak a ; F
sekundarnih surovin za taljenje; Taljenje sekund
surovin; Naprave za pripravo in taljenje; Vpliv
nelistol na | astnost.i
Fizikalna metalurgija Al in AkFzlitin.: Lastnosti
aluminija; Konstitucija Alitin; Mikrostruktura@\l in
Al-zlitin; Deformacijsko utrjevanje; Poprava
rekristalizacija in rast zrn; Toplotna obdelava in
mehani z mi izl oLeval nec
el ement ov i n n ezlitin; Kdrozija.
Ulivanje, mehanska predelava, toplotna
obdelava:Taljenje; Polkontinuirno ulivanje in
ulivnov al j ar ni Gk postopk
predelava (valjanje, iztiskovanje, kovanje); Hladr
predelava (hladno val]j
Mi krostrukturne, mehar
polizdékov v odvisnosti od postopkov mehanske
predelave; Praksa toplotne obdelave in
termomehanske obdelav (Mikrostrukturne, mehe
in tehnol oGke | astnost
postopkov toplotne obdelave)

Gnete zlitine, ki se toplotno ne utrjujejoAl-Mn;
Al-Mg; AIMg-Mn; AlFe-Si (posebnost, lastnosti,
standardizacija, uporabnost).

Gnetne, toplotno utrjevalne zlitineAl-Cu; AFCu-
Mg; AIMg-Si; AtZn-Mg; AFZn-Mg-Cu; AbLI-X;
(posebnosti, lastnosti standardizacija, uporabnos
Aluminijeve zlitine zaposebne namenéeZlitine za
|l etal stvo, Karoserijsk
Avtomatne zlitine; Surg
vodni ki; LeHajne zliti
Temperaturno obstojne zlitine; Zlitine za varjenje
spajkanje; Metalurgija prahov.

Posebna poglavjaRazvojne tendence aluminijski
materialov in tehnol o
konkurenlni material i,
Aluminijska industrija v svetu in Sloveniji. lzdelax
kovinskih pen na osnovi aluminija; Korozija in
proti kor ozi j aikditnzZKanigpbzitit
na osnovi aluminija.

Projektno delo.

Temeljna literatura inviri/Readings:

Recycling of secondary raw materials:

Recycling of scrdpom an ecological and energy
point of view; Sorting and preparation of second:
raw materials for smelting; Melting of secondary
materials; Preparation and melting equipment;
Influence of impurities on the properties of
secondary aluminium.

Physicalmetallurgy of Al and Atalloys Properties
of aluminium; Constitution of aluminium alloys,
Microstructure of Al and Allloys; Hardening
mechanisms; Recovery, recrystallization and gre
growth; Heat treatment and principles of age
hardening; Influence afloying elements and
impurities on the properties of#lloys, Corrosion.
Casting, hot and cold working, thermal
treatment:Melting; Direct Chill casting process;
Continuous casting; Homogenization; Hot workir
(hot rolling, extrusion, forging); Coldring, foil
production, drawing); Microstructural, mechanice
and technological properties of semi products in
dependence on the mechanical and
thermomechanical processes; Practical work of |
and thermomechanical treatments (microstructul
mechanicand technological properties of semi
products in dependence on heat treatment proce
Wrought nor-heattreatable alloysAl-Mn; AFMg;
Al-Mg-Mn; AlFeSi; (speciality, properties,
designation, application).

Wrought heattreatable alloysAl-Cu; AFCUHMg;
Al-Mg-Si; AtZn-Mg; AFZn-Mg-Cu; AHLI-X;
(speciality, properties, designation, application).
Aluminium alloys for special productsAircraft
alloys; Automotive sheet and structural alloys;
Packaging; Aluminium freetting alloys;
Superplastic alloyElectrical conductor alloys;
Aluminium alloy bearings; Temperature resistanc
alloys; Alloys for joining and welding, Powder
metallurgy products.

Special chaptersDevelopment of Ainaterials and
technological processes in the future; Competitic
alterrative lightweight materials; Aluminium indus
in the world and in Slovenia. Manufacture of met
foams based on aluminium; Corrosion ane anti
corrosion protection of aluminium and alloys;
Aluminium based composites.

Project work.

Polmear 1.J.: Light alloys: Metallurgy of the Light Metals, Arnold, London, 1995
Aluminium Properties and Physical Metallurgy, Ed. Hatch J.E., American Society for Metals, Metal

Ohio, 1984

Kaufman J.G.: Introduction to Aluminiumodd and Tempers, ASM International, Materials Park, Ohi

2000

Altenpohl D. Aluminium von Innen, AluminitMerlag, Disseldorf, 1994
Sheppard T.: Extrusion of Aluminium Alloys, Kluwer Academic Publishers, DéBdstoht-London,

1999



Cilji in kompetence:

Aluminij je za Helezor
uporabna kovina. Lastnosti aluminija in zlitin kot
ma j h n a nasgpstota,ivifokeltrdnostne lastno

zlitin, wugodno razmer |
elektrilna in toplotne
odpornost in | ahka ter

njegovo uporabo v vsel
panogah kot so transpagtyr adbeni Gt v «
el ektrotehni ka, embal

€
potroGnje. Zar adi nar ¢
izbolj Gevanja | astnost
je podobno kot pri He l

poglobljenem obravnavanju temeatiks podr
aluminija kot samost o]
okviru predmeta detajlno spoznali lastnosti
aluminijskih materialov in postopke od izdelave c
finalizacije ter uporabnost. Diplomanti s tega
podrolja imajo moHnost
izdelavo in predelavo aluminija, livarnah, kovinsk
predelovalni industriji in znanstvenih ustanovah.

Predvideni ta&tudijski r
Znanje in razumevanije:

gtudent je na osnovi [
samostojne, objektivne
material ov in tehnol ocg

uporabe strokovne literature in drugih sadobirov
i nformaci j NaulLi se z
interpretacije podatkov in rezultate analiz. Sposc

j e samostojnega reGeve
Met ode poulevanja in
Predavanje, ralunske i
seminarsko del o, si mul

raziskovalne pjekte.

Objectives and competences:

Aluminium is beside iron the second technically |
useful metal. The properties of aluminium and its
alloys like: small specific density, high streagth,
advantageous relationship between strength anc
specific density, electrical and thermical conduct
excellent formability, corrosion resistance and a
simple and cheap recyclkingnable its application ii
the all technically important sectors tikesport,
building, construction, machinery, electrical,
packaging, and consumer durable objects. Beca
the increasing use and the constant improvemer
the properties and manufacturing processes thel
appears, like at iron, a need to a deejpémeat of
the topics in the research of aluminium as an
independent subject. In the frame of this subject
student will get the knowledge about properties ¢
aluminium materials in details and about the
processes from the production to finalizationitanc
application. The poegraduate bachelors of this fie
will have the possibility to get the employment in
firms producing and working aluminium, in the
foundries in the metalorking industry and scientif
institution.

Intended learning outcomes:

Knowledge and understanding:

The student is on the base of the new knowledg¢
independelty and objectively to analyse and to pl
new materials and technologies. The student gef
skills of using the technical literature and other
modern sources of information. He/she learns to
collect, select and interpret the data and the rest
theanalyses. Helshe is capable of identification ¢
how to solve the set up of problems.

Learning and teaching methods:
Lectures, laboratory work, calculation work, sem
work, inclusion in the frame of research work.

NalLini ocenjevanjaDel eH/ V Assessment:

Pi sni i zpit i n ust 50,00 % Written and oral examination and oral

R a L u n kdomtorijske vaje 40,00 % Coursework

Seminarska naloga 10,00 % Seminar

Reference nosilca/Lecturer's references:

MEDVED,, JEEBRES, Stani sl av, VONI| I NA ,-SitMhaVig alloys D ¢

with high mechanical properties. V: OLIVER, Martin [wght Metals 20X8he minerals, metals &

materials series) Cham: Springer. 2018, s88373
JERINA, LinaMEDVED, J o HeGODEC,

MatjaH, VONII NA, Maja.

of secondary material on the solidification process and microstructure of aluminium alloyAWTAI7E.

thermal analysis and calpB@isirstr.-8.
ARBEI TER,

JNoAe , MavjoaN,| | ¢ EME DN\AE D ,B. ddadsfamnation of the

metastable Al6Fe intermetallic phase during homogenization of a Hieaajldyl. Materials, ISSN 1996

1944, 2021, vol. 14, iss. 23, si. 1



RE| NI K, Simon, Bl ZJAK, MiH,anPetMEDVNKDGRRD,HeBI
Mechanism of the Mg3Bi2 phase formation ifriéb aluminum 6xxx alloy with bismuth addition. Cryst
2021, vol. 11, iss. 4, stl2 ISSN 20%3352. DOI: 10.3390/cryst11040424.

VONI| I NA,NAVWGQDE,, MEDMED,J oHe, PAULIN, Ilrena, guUg
Homogenisation effciency assessed with microstructure analysis and hardness measurements in 1
2011 aluminium alloyletals2021, vol. 11, iss. 8, stl.11 ISSN 20758701. DOI:10.3390/met11081211
SMOLEJ, Anton, KLOB| AR,NM@aopmra,n SAIBK&EKA, EBrv anl
DRAGOJEVII|I, VukaGin, SMOLEJ, Samo. SuperibMg:
0.35S6.15Zr abby. Materials Science & Engineering. A, Structural materials: Properties, Microstruc
Processing. [Print ed.]. Jan. 2014, vol. 590, sf423fustr. ISSN 095D93. DOI:
10.1016/j.msea.2013.10.027



https://dx.doi.org/10.3390/met11081211

TERMODINAMIKA MATERI ALOV 2

Ul NI NA| RBVMETR/QEBURSE SYLLABLS

Predmet: Termodinamika materialov 2

Course title: Thermodynamics of Materials 2

| l anica nosi | ULNTF

Member:

gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 1lletnk 1.semestel obvezen
magistrski program)

Univerzitetna koda predmeta/University course code: 0067988
Koda ulLne enote na LIl ani 853

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
45 15 30 0 0 90 6

Nosilec predmeta/Lecturer: JoHef Medved

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:  Obvezni / Compulsory

Jeziki/Languages: Predavanja/Lectures: Sl ovenGLi na
Vaje/Tutorial: Sl ovenGLi na

Pogoji za vkl julitev \ Prerequisites:

Gtudijskih obveznosti:

Pogoj za vkljulitev v Theconditon to attend inthe teaching course ar

Gtudijskih obveznost i @ perform study obligations is an entry in the firsty

Opravl jeno i n usjpkinGdelo ofstudy.
ter seminar je pogoj za pristop k pisnemu in ustn Completed and successfully presented project w
izpitu. required bfore taking the written and oral exam.

Vsebina: Content (Syllabus outline):

Fazna rav ntrdrto,drﬂhptae: k ot Lred,r Phase equilibrium: seBdlid, solidiquid, soliegas,
pl i nasttoe,k otlelplimdbtee k 0 L' e liquidliquid, liquidgas, thermodynamics of liquids
termodinamika talin, raztopine, vpliv temperature solutions, influence of temperature on solubility i
topnost v trdnem, nukleacgdrjevanje. solid state, nucleation, solidification.




Termodinamika faznih diagramov: primerjalxe G
krivulje, modeliranje faznih diagramov (dvo in tri
fazno polje, vmesne faze, idealne raztopine, mot
regularne raztopine, CALPHAD, model faznega
polja).

Termodi nami ka p ov rngiitve :
povr Ginske energije, t
omolLenje povr Gin, adsc
Kinetika procesov v raztopinah: reakcijska kinetil
heterogenih reakcij, aktivacijska energija, homoc
in heterogene reakcije, hitrost homogenih reakci
geometrijareakci ske povr Gi ne,
Difuzija: termodi nami k
koncentracijskega gradienta, prvi in drugi Fickov
zakon;

Ter modi nami ka metal ur (
sistemi v t ek o lblsidnisistemi,t
met al u rreGdksidadid, i n d
Seminarsko delo.

Projektno delo.

Temeljna literatura in viri/Readings:
V. Gontarev. Ter modi
V. Gontarev.

Group, 2018.

A

A

A

A
2006.

A

A

Cilji in kompetence:

Osnovni smotri Gpueeémet
termodinami ke v tekoli
in fazna ravnoteHja v
kinetika procesov VvV ¢
razumevanje procesov v materialih. Pri predmeti
bodo Gtudent | edinanaske faznih i
diagramov, kinetike ter difuzije ter elektrokemije.
razlage so zdruHene z
simul acijami ter proje
izdelave in termodinar

Predvi deni
Znanje in razumevanje:
Pri predmetu Termodinamika materialov Il nadgr

Gtudijski r

Gtudent znanja Ter modi
stopnij i NaulLi se obr e
velfazne sijsdnegasskimrateralc
Seznani se z temeljnir

modeliranje in simuliranje ter karakterizacijo, ki ji
aplikativno uporabi pri projektnem delu izdelave
novega materiala.

nami
TeorujlLbhemekal UnGkehzpruocefgab]
D. R. Gaskell, D. E. Laughlin. Introduction to the Thermodynamics of Materials, Taylor & Franc

Thermodynamics of phase diagramX: darves,
modelling of phase diagrams (two and three pha
field, semi phases, ideal solutions, a model of re
solution, CALPHAD, a model of phase field).
Thermodynamics of surfaces: surface energy,
measuring of swe energy, solubility of small
particles, wettability of surfaces, adsorption.
Kinetics of processes in solutions: reaction kineti
heterogeneous reactions, activation energy,
homogenous and heterogeneous reactions, spet
homogeneous reactions, metry of reaction
surfaces, surface of grain boundaries;

Diffusion: thermodynamics of diffusion,
thermodynamic force of concentration gradient, 1
and second Fick law;

Thermodynamics of metallurgical processes: me
systems in liquid and solid staxéj® systems,
metallurgical slags, oxidation,

Seminary work.

Project work.

ka material ov, ulb

R. DeHoff. Thermodynamics in Materials Science, Second Edition, CRC Press, Taylor &degnc

M.Hillert: Phase equilibriaCambridge University Press, Cambridge, New York, 1998.
S.Seetharaman. Fundamentals of metallurgy, Woodhead Publishing, 2005

Objectives and competences:

The basis of the course is to teach tdest basics
of the thermodynamics in liquid and solid solutiol
chemistry and phase equilibrium in materials,
thermodynamics and kinetics of processes in
solutions, that enables better understanding of
processes in the materials. The students will leal
about the thermodynamic basics of the phase
diagrams, kinetics and diffusion and also chemis
The lectures are complemented with seminar wc
simulations and project work of planning,
manufacturing and thermodynamic characterizat
of the materials.

Intended learning outcomes:

Knowledge and understanding:

At this course Thermodynamafsnaterials 1l the
student will complement the knowledge of the
Thermodynamics of materials | from | level. It lee
to precede multicomponent and multiphase systt
from inorganic fields of the materials. It acquaint:
with basic tools for thermodynamiodelling and
simulation and characterisation which it brings tc
in the project work of making of a new material.



Met ode poulLevanja i n Learningandteaching methods:

Predavanj a, raluns ke i Lectures. Exercises solving. Laboratory. Numeric
simulacije, projektno delo. simulations. Project work.

NalLini ocenjevanja Del eH/ V Assessment:

ocena projektnega dela in seminarja 30,00 % the mark of project work

ocena pisnega dela izpita 30,00 % the mark of written examination

ocena ustnega dela izpita 40,00 % the mark of the oral examination

Reference nosilca/Lecturer's references:

MEDVED, , JUEGHN| | NA, Maj a, KLANI| NI K, Grega, MR\
kot pomol pri optimiranju aluminijevih mate:]
optimization of aluminium materials and technoldgies. vestr2013yol. 60, no. 1, str. 3Hll.
MEDVED, , JbARUT, Jakob, ZDOVC, Mi r o, MRV AR, f
properties of AIRO&aOCaF2 slag. Steel research international, 2008, vol. 79, no. 183Xr. 908
MEDVED, , JBR¥AR, Pr i AnWdh, Oxidabdd residtance of cast magnesium alloys.
met., 2009, vol. 71, no. 5/6, str.-250.

VONI| I NA, Maj a, KRESNI K, MEDV &€ Di, | Eifaxtsiaf No@baggrizdtion |
conditions on the microstructure evolution of aluminiup BNbDAW 8006. Metals, 2020, vol. 10, iss. 3,
1-12. [COBISS.SD 1859167]



TERMOMEHANSKA PREDEIAVA MATERIALOV

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Termomehanska predelava materialov
Course title: Thermomechanical Processing of Materials
| l anica nosi | ULNTF
Member:

gtudi jski
Metalurgija in materiali, druga stopn N i
magistrski program)

progragtudiijska
Ll enitve

Semestri  Izbirnost
2.semestel obvezen

s n Letnik
1.letnik

Univerzitetna koda predmeta/University course code: 0554928

Koda ulLne enote na LIl ani 863
Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 15 15 0 0 60 4
Nosilec predmeta/Lecturer: Mil an TerlLelj, Peter Fajfar

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci
Izvajalci drugih oblik:
Izvajalcipr akti Lneg
usposabljanja:

K1 in

Vrsta predmeta/Course type:

Jeziki/Languages:

Vaje/Tutorial:
Pogoji za VvkljulLitev
Gt u d iopvezkasth
Vpis v |l etnik
Vsebina:
A Definicija in namen termomehanske predelay A
A VrolLa, topla in hlad
kovinskih materialov A
A Utrjevanj e iermomebamdka n
predelavo materialov
A Razvoj mikrostrukture med termomehansko
predelavo materialov: A
A MatematilLni modeli z

violLo predel avo

Predavanja/Lectures:

Obvezni / Compulsory

Sl ovenGLi na
Sl ovenGLi na

\ Prerequisites:

Gt udi j a . Entryinthe academic year.

Content (Syllabus outline):

Definitions and aim of thermomechanical
processing

Hot, warm and cold deformatiohmetalic
materials

Hardening and softening during
thermomechanical processing of materials:
Development of microstructure during
thermomechanical processing of materials:




A Laboratorijske si mul A Mathematical models for calculation of relev
Al zralun in Lasovni p proceses during hot working
preoblikwalnih parametri v industrijski praksi A Laboratorij simulation of hot working
A Relevantni vplivi k e A Calculation and time course of deformation
parametrov na termomehansko predelavo parameters in industrial practice,
A Potrebni pogoji za termomehansko predelavi A Relevant influences of chemical composition
industriji processing parameters on themehanical
A Razvoj tekstur med termomehansko predela procesing
materialov A Conditions for thermonechanical praogsén
A Preoblikovalnostina Lr t ovanj e industrial practice
A Dol olLanje preobl i kov A Development of texturs during
A Tehnologije preoblikovanja: thermomechanical processing of materials,
A Valjanje A Workability of materials and design of technc
A Iztiskavanje of deformation process,
A Kovanje A Determination of workability of materials,
A VielLenje Hice, palic A Introductionintechnologies of metming:
A Preoblikovanje pl ole A Roling,
A Preoblikovanje PM materialov A Drawing
A Termomehanska predelava aluminijevih zlitir A Forging,
A Termomehaska predelava jekel A Drawing of wire, rods, tubes
A Termomehanska predelava heksagonalnih A  Sheet metal forming,
materialov A Deformation of PM materials,
A Termomehanska predelava nikljevih, titanovi A Termomechanical processing of Al alloys,
drugih relevantnih zlitin A Termomechanical processing of steels,
A Orodja in stroji za preoblikovanje: A Termomechanical processing of hexagonal
A Naltovanje oblik in materials.
A VzdrHAHl jivost or ordst j, A Thermomechaoal procesing of Ni, Ti and oth
razpok na orodjih relevant alloys
A Laboratorijsko testiranje na odpornost na A Dies and machines for metal forming:
termiLno in mehansko A Designofshape and dimensions of dies
za preoblikovanje A Endurance of dies, models for prediction of
A Vvpliv karakteristik wear, cracks growth on dies
lastnosti in kvaliteto izdelkov A Laboratory testing on thermal and mechanicz
A Procesne verige pri izdelavi materialov: fatigue restance and wear resistance of dies
A Definicija procesnih verig metal forming
A Tvorbe baze podatkov pri procesnih verigah A Influence of characteristics of dies and mach
A Metode za analizo podatkov ter napovedoval on obtained properties and quality of product
dobljenih lastnosti materialov - Procesing chains at materials processing:
Optimiranje procesnih verig A Definition of processing chains

A Formation of data base gmediction of
obtained properties of materials
Optimization of processing chanins

Temeljna literatura in viri/Readings:

To oo oo o T Do

Verlinden B., Driver R., Samajdar |., Doherty R. D., Thelmebanical processing of Metallic Mater
Elsevier, London 2007.

Dieter G. E., Kuhn H. A., Semiatan S. L., Handbook of Workability and Process Design, ASM
International, NY, 2003.

Sheppard T., Extrusion of Aluminium Alloys, Dordrecht : Kluwer Academic Publishers, 1999.
Lenard J. G., Primer on Flat Rolling, Elsevier, Longlon 2

A. Weronski, Therma Fatigue of Met&lRC Press, 2019, ISBN 9780367402952

ASM Handbook Volume 19 : Fatigue and Frad&®B&: 0871703858 / 9780871703859

Taylan Altan, Erman Tekkaya. Sheet Metal Forming: Process and Applications, ASM In&&h2afic
ISBN: 1615038442,978%615038442

Cilji in kompetence: Objectives and competences:



Cilj predmeta je poda
tehnol ogije plastilne
upoGtevanju postopka

materialumedplads Lno predel av.
procesnih parametrov i
lastnostmi po celem volumnu preoblikovancev. \
celoto se povezuje procesne parametre izdelave
materiala, tehnologije preoblikovanja, stroje in ot
t.j. vpliv procesnihgsametrov izdelava
materialad e f or maci j ski h pal
oblik in dimenzij orodij, karakteristike strojev na
doseHene |l astnosti ter
navezujejo procesi degradacije (obraba in rast re
materialovza orodjapi hovo vzdr HI

Predvideni
Znanje inrazumevanje:
Zna povezati parametre izdelave materiala z
dobljenimi lastnostmi, razume procese, ki vplivaj
preoblikovalnost materialov, zna ovrednotiti in

Gtudijski r

opredeliti wvzroke za r
ukrepe za izbolj Ganje.
gtudent waktumeotodi |,

sestave in procesnih parametrov izdelave materi
deformacijskih paramet
kvaliteto izdelka.

Met ode poulevanja in
Predavanja, vaje, laboratorijsko delo, seminarji,
projektno delo.

t Aim of the subject is to give tools for planning
material forming processes with the respect of pl
deformation, processes in material during plastic
deformation and the history of process paramete
and final properties in the waaolume of deforme:
workpiece.

In whole are linked processing parameters of me
production, technology of metal forming, dies an
machines, i.e. influence of processing parametel
material production, deformation parameters,
characteristics offiming machines and dies on
obtained properties and quality of products.
Processes of degradatimear and cracks growth)
of die materials are related with previous content

Intended learning outcomes:

Knowledge and understanding:

He is able to link the material forming parameter
with the gained preypties, he understands proces:
which influence the material workability, he can \
and define reasons for abortive technology and t
can take measure to improve it.

Student understand also influence of dies, formir
machines, chemical composition pardmeters of
materials processing as well as deformation
parameters on obtained quality and properties of
products.

Learning and teaching methods:
Lecturesexercises and laboratory work, seminar
work, project work.

NalLini ocenjevanja Del eH/ V Assessment:

ocena projektnega dela 30,00 % the mark of project work

ocena pisnega dela izpita 30,00 % the mark of written examination

ocena ustnega détpita 40,00 % the mark of the oral examination
Reference nosilca/Lecturer's references:

izr.prof.dr. Mi |l an TelLel j:

A TERI ELJ M. , FAZARI NC M. , BOMBA| D. , KUGL EI

ascast microstructure of 30Cr10Ni du@tainless steel. Metall. mater. trans., B, Proc. metall. mater.

SCi.,

A VE| KO PI RTOVGEK, Tat

2010, vol. 41, no. 6, str. 1B287/, kategorija: 1Al (Z1);

j ana, PERUg, | zt ok, K|

reliability of the analysisfattors influencing the properties on steel in industrial practice. ISIJ int., 2(

49, no. 3, str. 398)1. [COBISS.$ID 89481
normirano Gt. citatov:
A VEIPKRTOVgEK,

Tatjana,

5], [JCR, WosS, Gt. cit
0] kategorija: 1A1 (.
KUGLER, Goran, GODE

characterization during the hot deformation of 11178C+1.48\2.24W1.35Mo ledeburitic tool steel.
Mater. charact.. [Print ed.], 2010, 31 str. http://dx.doi.org/10 ji®&6zhar.2010.11.016, doi:
10.1016/j.matchar.2010.11.016. [COBISB.8091167], [JCR], kategorija: 1A1 (Z1);

A FAZARI NC, MatevH,

TER]

ELJ, Mi | an, BOMBA]| ,

precipitation kinetics in 30Cr10Ni duplex stailess stdall.vhater. trans., A Phys. metall. mater. sci., z
vol. 41A, september, str. 22207. http://dx.doi.org/10.1007/s11661 003170, doi: 10.1007/s11661

01G603170. [COBISS. 49l D
Gt. citatov:

1039199]
0]

kategoriija:

[ JCR, WosS,

1A1

Gt .
(z1),;

aarntiranbd ¢



. A BRADAgKJA, BoGtjan, PIRNAR, BoGtjan, FAZ,
and Microstructural Evolution During Hot Compression of AISI 904L. Steel research international,
10.1002/8n.201000036. [COBISSIBI880222], [JCR] kategorija: 1A3 (Z1);

AL TERI ELJ M., KUGLER G., TURK R., CVAHTE P.,
bearing surface of an industrial die and assessment of the heat transfer coefficient inmof extrusio
aluminium: a case study. Int. j. veh. des., 2005, vol. 39, nos. 1/208r. 93

A PERUg | ., FAZARINC M., KUGLER G., FAJFAR |
properties in aluminium hot extrusion process. Metalurgija, 2010, voR,49y.I8-P0.



VARJENJE

Ul NI NA| RT P REURSEIYALUABUS
Predmet: Varjenje
Course title: Welding
| l anica nosi | ULNTF
Member:

gtudi jski
Metalurgija in materiali, drigjapnja, N

progragtudiijska
Ll enitve

Semestri  Izbirnost
2.semestel obvezen

s n Letnik
1.letnik

magistrski

program)

Univerzitetna koda predmeta/University course code: 0067989

Koda ulLne enote na LIl ani 862
Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 0 30 0 0 60 4
Nosilec predmeta/Lecturer: Borut Zorc

Izvajalci predavan;:
Izvajalci seminarjev:
Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:
l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:

Jeziki/Languages:
Vaje/Tutorial:

Pogoji Za
Gtudijskih

vkl julitev
obveznosti

Predavanja/Lectures:

Obvezni / Compulsory

Sl ovenGLi na
Sl ovenGLi na

\ Prerequisites:

Vpis v letnik in predhodno ali vzporedno obiskov Enrolment in 1st year of study and attending lect

predavanj in vaj iz matematike, fizike, kemije,

from mathematics, physics, chemistry, computer

ralunal ni Gt gar omet &t o e science, metalography, mechanical engineering,

tehnike, termodinamike

Vsebina:

Uvod

Opis tehnologij spajanja, mehanizmov nastanka
spojev, uporabe toplote in vpliva na material.
Toplotni izvori

engineering, thermodynamics. The student who
alreadyistened to above mentioned lectures may
taking the study programme

Content (Syllabus outline):

Introduction

Description of joining technology, mechanism of
joining occurrences, heat application and the
influence of heat omaterial.



-razli Lne vorabliere prespaganjgin
njihovo pretvorbo v toploto.

- Fizikalni modeli toplotnih izvorov in varjencev z
obravnavo Girjenja torg
-temperaturna polja za
izvorov in varjencev ter vplivhe parametre na

temperaturno gje.

Ter mi Lni varil ni ci k1t
-termi Lni varil ni ci ki
zvar)

- dogajanja v materialu med ogrevanjem, v varilr
kopeli in med ohlajanjem (fazne transformacije v
toplotno vplivani coni, nastanek plinov in
nekovi nskivarvk,l jsutlrkjoerv
razlilLnih dodajnih mat
-vplivni parametri na
primerjavo varilnih postopkov.
-praktilLna uporaba t
Zaostale napetosti in deformacije

- vzroki in mehanizmi nastankepgtalih napetosti ir
deformacij.

-vrste, tipi in razpor
zvarnih spojih ter vplivni faktorji na razporeditev
velikost zaostalih napetosti.

- deformacije v zvarjencih in vplivni faktorji na
nastanek in velikost deformacij.

-metode zmanj Gevanja z
deformacij.

Vpliv dovedene toplote in zaostalih napetosti na
nosilnost zvarjenega spoja
-napake v zvarih
razpoke)

- povezava med mikrostrukturo zvara in osnovne
materiala tezaostalih napetosti na nastanek razp
zvarnih spojih

- zveza med dovedeno toploto in mehanskimi
lastnostmi zvarnega spoja

er

(poro

Temeljna literatura in viri/Readings:
- B. Zorc: Zapiski za predavanja

Heat sources

- Different kind of energy applied for joining and |
transformation in the heat.

- Physical models of heat sources and workpiece
discussing about heat conduction in the welding
workpieces

- temperature fields for different #sof heat
sources and workpieces models and affected
parameters on temperature field

Thermal Cycle in welding

- welding thermal cycle of single pass and multip
welds

- phenomena in base material and in weld pool ¢
heating and cooling (microstrucal transformation
in heataffected zone, arising of gases and non
metallic inclusions in the weld pool, weld metal
solidification, specific properties of different kinds
filler materials)

- essential parameters on thermal cycle in differe
welding tehnology

- practical uses of welding thermal cycle
Welding residual stresses and distortions

- Causes and mechanisms for the origin of residt
stresses and distortions

- Kinds, types and arranging of residual stresses
different kinds of welds and eg&driactors an
arranging and size of residual stresses

- Distortions in welds and essential parameters fi
origin and size of distortions

- Methods of reduction of welding residual stress
and distortion

Effect of heat input and residual stresses on
mectanical properties of welds

- welding defects (porosity, slag inclusions, lack
fusion, cracks)

- connection between microstructure of weld met
heataffected zone and residual stresses on form
of weld cracks

- connection between heat input and mecakln
properties of welds

-1 Rak: Tehnol ogija varjenja, Modrijan zalo
-Granj on H. Met al ur Gke osnove varjenja (pre
-Zavarivanje u Letiri knjige, Il nHenjersko te
-1 Hr i vnak: Zavarljivost Lel i ka, | RO GGrale
- |. Hrivnak: Theory of weldability of metals and alloys, Elsevier, 1992

- D. Radaj: Heat effects oéMing, Springerer | a g, 1992 (tudi v NemGL

Cilji in kompetence: Objectives and competences:

Razumevanije vpliva dovedene toplote na nastar Understanding the influence of heat input on
zvarnega in spajkanega spoja, napak v zvarih,  occurrence of welding and soldering joints, failur
napetosti in deformacij, spremenikrostrukture in - welds, stresses andissachanging in the
mehanski h | astnosti v microstructure and mechanical properties in the



uporabnost
v praksi.

Oosvojenega

Predvideni
Znanje in razumevanije:
g t utdnera spoznati in razumeti vpliv dovedene
toplote na pojave v zvarni kopeli in oshovnem
materialu med ogrevanjem in ohlajanjem (sprem
mikrostrukture, nastanek zaostalih notranjih nap
in deformacij) ter njihov vpliv na mehanske lastn
zvara,foznati mora ukrepe
negativni h efektov in
toplote na varjeni material ter kako pridobljeno
Znanje uporabiti v praksi pri izdelavi zvarnih spoj

Gtudijski r

Met ode apnojual eivn ulL enj a:
predavanja, ralunske \
programiranje in model

programsko opremo SolidWorks in Sys Weld

of weld. The student obtains knowledge for plani
the joints in practical applications

Intended learning outcomes:

Knowledge and understanding:

The student must recognize anderstand the
influence of heat input on phenomena in weld pc
and base material during the heating and cooling
(microstructure changing, the occurrence of resit
internal stresses and distortions) as well as their
influence on mechanical propertieseid. The
student must get to know taking measures for
decreasing negative effects and estimate the infl
of the heat on welding material as well as using 1
obtained knowledge for making welding joints in
practical applications.

Learning and teaching methods:

Lectures, calculation tasks, laboratory work,
programming and modelling bsing Solid Works
and SysWeld.

NalLini ocenjevanja Del eH/ V Assessment:
Pisni izpit 40,00 % Writing exam
TeoretilLni del 60,00 % Theory part

Reference nosilca/Lecturer's references:

ZORC, Borut, KOSEC, Ladislav. A new approach to improving the properties of brazed joints. Wel
2000, vol. 79, no. 1, str. 4.

ZORC, Borut. Chemical and microstructural diversity of steel grades 355 = Differencisa en la cons
guimica y lanicrostructura de aceros calidad 355. Rev. metal. (Madr.), 2002, vol. 38, no466str. 451
ZORC, Borut, KOSEC, Ladislav. Metallurgical reactions in the coalescence zone between a reinfo
and a parent metal in reinforced brazed joints. MetdlI\{Rest), 2004, jahrg. 58, no. 5, str2290

ZORC, Borut, KOSEC, Ladislav. Metallurgical reactions in the coalescence zone between a reinfo
and a base metal in reinforced brazed joints. Rev. metal. (Madr.), 2004, vol. 40, no.46tr. 458



VLIVANJE INGOTOV IN KONTINUIRANO VLIVANJ E

Ul NI NA| RT P REURSESYAUABUS

Predmet: Vlivanje ingotov in kontinuirano vlivanje

Course title: Ingots and Continuous Casting

| l anica nosi | ULNTF

Member:

gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost
Metalurgija in materiali, druga stopn N i Ll enitve 2letnk 1.semestel izbirni
magistrski program)

Univerzitetna koda predmeta/University course code: 0067978
Koda ulnelleanmitcei /nhL Me mb 876

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 10 20 0 0 60 4

Nosilec predmeta/Lecturer: MatjaH Knap

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:  Izbirni / Elective

Jeziki/Languages: Predavanja/Lectures: Sl ovenGLi na
Vaje/Tutorial: Sl ovenGLi na

Pogoji za vkl julitev \ Prerequisites:

Gtudijskih obveznosti:

Opravl janje Gtudi j s ki I Liabilties are defined in the regulations on

pravilniku o preverj ar examinationand evaluation of students at ULNT

UL NTF Za pozitivno i Forapositive and successful attendance of their

Gtudijskih obveznost i @ duties students are encourage to regular attende

se priporola redno obi lectures, additional domestic more complex work

dodatni h domalLi h bol j more andappropriate preparing to laboratory wi
predpriprava pred izvajanjem laboratorijskih vaj 1 At least 80% attendance at tutorials is needed.
izkazana aktivnost in vsaj 80 % prisotnost na vaj

Vsebina: Content (Syllabus outline):
Obdel ava taline: D o s e ¢ Meltprocessing: Reaching the planned chemical
sestave; Kontrola temperature v loncu in vmesni composition; Temperature control in the ladle an




ponovci; Rafinacijski procesi v vmesni ponovci.
Vlivanje ingotov za velike izdelke: Usmerjeno
strjevanje; Nastajanje lun&erin poroznosti;
Segregacije; Topnost \
Uporaba izolacijskih i
preprelevanje poroznos
Transport taline: Tok taline na prehodu med lonc
in vmesno ponovco; Tok taline v vmesni ponovci
Tok taline na prehodu med vmesho ponovco in
kristalizatorjem.

Konstrukcija kristalizatorja: Geometrija in materiz
kristalizatorja; Osciliranje, Kristalizatorji z
spremenl jivo Girino.
Odvod toplote v kristalizatorju: Vpliv hladilne vod
Vpliv mazanja; My vsebnosti ogljika; Vpliv hitrost
vlivanja.

Livni praGki Fizikalr
Taljenje |ivnega pr aGk
Rafinacijski ulinek ||
sposobnosti Il ivnega pr

Sekundarno ohlajanje in sistemlizanje: Naprave
za kontinuirano vlivanje; Sekundarno hlajenje
(ohl ajanje z vodo, ohl
zraka); Sistemi za vodenje vlitega traku.
Strjevanje: Termodinamika strjevanja; Makro niv
(nastanek mikrostrukture, prenos mase in energi
modeliranje strjevanja); Mikro nivo (nastanek
nukleusov in rast dendritov; Evtetsko, periteksts}
strjevanije in strjevanje v prisotnosti tretje faze.

Vpliv parametrov vlilive
povr Ginskih napak; Vpl
procesneé e hnol oGki h par ame

napake; Vpliv parametrov v kristalizatorju; Vpliv
sekundarnega hlajenja; Vpliv geometrije livne
naprave.

Vpliv parametrov vlivanja na napake v notranjost
Klasifikacija napak v materialu; Vpliv kemijske
sestavéaline; Vpliv temperature; Uporaba

el ektromagnetnega meGe
kristalizatorju; Vpliv sekundarnega hlajenja; Vpliy
geometrije livne naprave.

Posebni procesi vlivanje: Horizontalno vlivanje;
Vlivanje tankih slabov; Vlivanje trakov.

Temeljnaliteratura in viri/Readings:

tundish; Refining processes in the tundish.
Casting ingots for massive products: Directional
solidification; Shrinkage and porosity; Segregatic
Solubility of hydrgen and formation of flakes; Use
of thermal insulation for prevention of porosity ar
shrinkage.

Melt transport: The melt flow in region between t
ladle and tundish; Melt flow in tundish; The melt
in region between tundish and mould.
Construction bmould: Geometry and material of
mould; Oscillation, Moulds with variable width.
Heat sink in mould: Effect of cooling water; Effec
lubrication; Effect of carbon content; Influence of
casting speed.

Casting flux: Physical properties of casting fluxe:
Melting of casting fluxes; Casting flux curing;
Refining effect of casting flux; Lubricating capabi
of casting flux.

Secondary cooling and casting system: Continuc
casting machine; Secondary cooling (cooling wa
cooling mixture of water and &g)stems for strip
casting.

Solidification: Thermodynamics of solidification;
Macro level (the formation of the microstructure,
mass and energy transport, modelling of
solidification); Micro level (the formation of nucle
and dendrite growth; Eutectic qratitectic
solidification and solidification in the presence of
third phase.

The influence of casting parameters on surface
defects: Types of surface defects; Influence of
chemical composition of the melt and precess
technological parameters on théasardefects; The
parameters of the mould; Effect of secondary
cooling; Influence of casting devices geometry.
The influence of casting parameters on internal
defects: The classification of defects in materials
Influence of melt chemical composition;uerfice of
temperature; Use of electromagnetic stirring (EV
Influence of mould parameters; Influence of
secondary cooling; Influence of casting devices
geometry.

Special casting processes: Horizontal casting; Tl
slab casting, Strip casting.

Ahindra Ghosh: SECONDARY STEELMAKING; CRC Press, (2001)
Duru Michael Stefanescu: SCIENCE AND ENGINEERING OF CASTING SOLIDIFICATION; Kluw

Academic, (2002)

W.R. Irving: CONTINIOUS CASTING OF STEEL; The Institut of Materiadsdon, (1993)
Kurz Fisher: FUNDAMENTALS OF SOLIDIFICATION 4th Ed.; Trans Tech Publications Ltd., (199¢

Cilji in kompetence:
VelLino izdelanega | ekl
je vlitega po postopku kontinuiraneljsanja.

Objectives and competences:
The majority of steel produced in Slovenia and ir
world is continuous casted. Special steels and in



Specialna jekla in ingoti za izdelavo posebnih izc
pa se vlivajo v bloke.

Za dobro kvaliteto vlitega polizdelka je nujna dok
kvaliteta taline. gtuc
primerno za nadaljnje kontinuirano vlivanje in
vlivanje v blke.

Na osnovi kemijskih in fizikalnih lastnosti teline b
sposobni pripraviti tehnologijo vlivanja, ki bo
zagotovila izdelavo polizdelkov z zahtevanimi
lastnostmi.

gtudent se navaja na t
uporabo strokovne literature in sodobnitwi
informacij.

Predvideni
Znanje in razumevanje:
Pri predmetu Vlivanje v bloke in kontinuirano
vivang pri dobi Gtudent z
postopkih potrebnih za kvalitetno izdelane polizd
Nauli se pravilnih pos
pravilnega nalrtovanj e
kontinuiranega vlivanja in optimiranja proizvodne
procesa.

g t u ddebijotvpogled v pomembnost posamezr

Gtudijski r

vplivni h parametrov ke
odlolLajo tudi v primer
izdelavo novi h, Ge ne
in dimenzij.

Pridobil bo znanj eave ¢
polizdel kov bo | ahko r
naprej dololLene metal L

ustrezale zahtevam nadaljnjih uporabnikov.

Met ode poulevanja in
Predavanja, seminarji, seminarske in laboratorijs
vaje, terenske vaje, samostojno delo

for special products are cast in blocks.

For good quality of casted semi product a good
quality melt is needed. Students will ketab
prepare melt appropriate for further continuous c
block casting.

On the basis of chemical and physical properties
melt they will be able to organize casting technol
for fabrication of semi products with the required
properties.

Students willéaccustomed to teamwork and pro
work, usage of specialized literature afid-date
sources of information.

Intended learning outcomes:

Knowledge and understanding:

Course Block and continuous casting will give
students knowledge about technielgvhich are
needed for production of high quality half produc
They will learn right procedure in melt preparatio
right planning and controlling of continuous casti
and optimal production process. Students get ins
into relevance of particulafluential parameter
which enables them to make right decisions evel
they have to develop new technology, for new nc
acknowledged products, materials and dimensio
They will get knowledge about solidification.
Production of half products will barried in such
way that demands of end users could be fulfilled

Learning and teaching methods:
Lectures, seminars, tutorial atbdtlatory work,
fieldwork, individual work

NaLini ocenjevanja Del eH/ V Assessment:

ustni izpit 60,00 % oral exam

pisni izpit 20,00 % examination

semi narska nal oga 20,00 % seminar work and the report of the

vaj laboratory work

Reference nosilca/Lecturer's references:

LAMUT, Jakob, FALKUS, Jan, JURJEVEC, Beno, |
nozzle clogging = WpGyw modyfikacji wtrncez

Archives of metallurgy and materials, 2012, vol. 57, no. 1,384 3(80BISS.9D 1211231]

LAMUT, Jakob,

KLANI| NI K,
the inclusion composition on continues casting of steel melt. NVOWA,

Ber
(ur

JURJOVEC,
Svetl ana

Gr ega,

Dragana (ur.). 42nd International October Conference on Mining and Met&@iGigiv 2010, October
1013 2010, Kladovo. Proceedings. Bor: Technical Faculty, 2010,385. 3G0®BISS.9D 1081183]

KNAP,
chemical composition
geoenviron.,

Mat | aah, ROEMAN, KAIG|S L AMUT, Jakob. Hardenability prediction based on
of
2 0 0197, [COBESS.9D 95459] Gt .

steel Napovedmaea.n j

2, str. 108



V Z D R gMO$T MATERIALOV

Ul NI NA| RT P REURSESYAUABUS

Predmet: Vzdr Hl jivost material ov

Course title: Endurace of Materials

| l anica nosi | ULNTF

Member:

gtudi jski progragtudijska s nlLetnik Semestri  Izbirnost
Metalurgija imateriali, druga stopnje N i Ll enitve 2letnk 1.semestel izbirni
magistrski program)

Univerzitetna koda predmeta/University course code: 0078015
Koda ulLne enote na LI ani 874

Predavanja Seminar Vaje Kl i ni L Drugeoblike Samostojno ECTS
/Lectures /Seminar [Tutorials /Clinical Gtudi delo
tutorials /Other forms  /Individual
of study student work
30 15 15 0 0 60 4

Nosilec predmeta/Lecturer: Mil an TerLel|j

Izvajalci predavan;:
Izvajalci seminarjev:

Izvajalci vaj:

l zvajal ci K1 in
Izvajalci drugih oblik:

l zvajal ci pr ak

usposabljanja:

Vrsta predmeta/Course type:  Izbirni / Elective

Jeziki/Languages: Predavanja/Lectures: Sl ovenGLi na
Vaje/Tutorial: Sl ovenGLi na

Pogoji za vkl julitev \ Prerequisites:

Gtudijskih obveznosti:

Vpis v |l etnik Gtudij a. Entryinthe academic year.

Vsebina: Content (Syllabus outline):

Pri predavanjin bodo obravnavaaslednje teme: The topics that will be covered in this course are

-Osnovne tribol oGkih, - Basic of tribologicahermal, mechanical and

kemi Lni h obremenit ev r chemicalloads of materials,

-NalLini degradaci j e ma -Modesofdegradation of materials at various lo

obremenitvah, - General influences of material properties,

-Spl oGni vpliwvi | ast n o microstructure and chemical composition on

kemi Lne sestave na nj i endurance,

-Procesi v material i h  -Processesin materials during their servieatim

pri razliLnih nalini h varioustypes of loading. Applications of material




materialov in procesi v materialih v ekstremnih
pogojih (temperaturnit
mehanskih in termomehanskih obremenitvah),
-Skupneosnovepocesov VvV mat el

mehani zmi h posl abGanj e
razlike med njimi,

-Nastale poGkodbe na p
materiala med razlilLhni
-Metode za sl edenje pu
in na njegovi povr Gi nc¢
-Metode za dololLitev (
materialu na razlilnit
-Tribol oGki sistemi pr
-Matemati Lni model i za

- Laboratorijski i za fizikalno simulacijo
degradacije materialov,
- Osnovnih vplivi procesnih parametrov izdelave

mat erial ov na njihovo
-l zbira material ov za
-Matemati Lna predstavi

izdelavi materialp zbrane baze podatkov procesn
parametrov ter analiza in optimiranje parametroy
dololLeno vzdrHIjivostr
-Ukrepi za izbolj Ganje

Temeljna literatura in viri/Readings:

and processes in materials at extreme working
conditions (temperature, mechanical, tribological
chemical and thermomechanical),

- Common base of proccesses in materials at va
modes of degradati of material properties and
difference between them,

- Occurence of damages on surface layer of mat
and in matereial internal at various type of loadir
- Methods for tracing of processes in materials a
their surface layers during process gifadiation,

- Methods for determination (assessment) of loa
materials on various spatial scales,

- Tribological systems at materials production,

- Mathematical models for description of degrade
of materials,

- Laboratory tests for physical simatatf
degradation of materials,

- General influences of processing parameters o
material production on their endurance,

- Selection of materials for specific working
conditions,

- Mathematical presentation of processing chain:
material production, caled data base of process
parameters, analyse and optimisation of parame
considering selected endurance characteristics ¢
material,

- Measures for increasing of endurance of mater

1. G. W. Stahowiak, A. Batchelor, Engineering Tribology, Elsevier Inc., 2005.
2. A. Saxena, Comprenhensive Structural Intergrity, Elsevier Pergamon 2003.
3. J. Skrzypek, A. W. Ganzarski, E. Halina, F. Rusticelli, Advanced Materials and Structures for ex

operating conditigrSpringer Verlag 2008.

3. M.C. Ashby, Materials selection in mechanical design, Elsvier 2007.
4. R. Buergel, Handbuch Hochtemperatur Werkstofftechnik, Vieweg 2004.

5.
6.
7.

Cilji in kompetence:

Cilj predmeta je podat
vzdr HI j irialav,4.jt abrabnarohstomost,
odpornost proti termil
temperaturne Goke, melt
na nastanek razpok mec
materiala (plastilna ¢
sposobnost jwastivdaboratowu kot z
tudi Z znani mi mot emat
napovedati vzdr HIjivos

naj pomembnej Gi h procecs
Hi vijenske dobe ter tr
v prakso, izbiri materiddlaa d ol oL eno
Nadal je Gtudent pridot

integralnega obravnavanja vpliva procesnih
parametrov pri izdelavi materialov na omenjene
vzdr HIl jivostne karakte

K. Holmberg, A. Matthews, Coatings Tribology, Elsevier 2009
T. F.J. Quinn, Physicabdysis for Tribology, Cambridge university press 1991.
A. Weronski, T. Hejwowski, Thermal fatigue of metals, Marcel Decker Inc. 1991

Objectives and competences:

The aim of the course is to establish common bz
for gudy of endurance of materials, i.e. wear
resistance, thermal fatigue resistance, resistance
mechanical and thermomechanical fatigue resist
and plasticity of materials. Student is able to carl
laboratory assessment of material endurance as
as for forcasting (assessment) of material servici
using known mathematical models, moreover stt
acquires knowledge about most important proce:
in materials during their service time, transfer of
laboratory results in practice, and selectaiarial
for specific application. Furthermore, student is
acquiries ability of integral consideration of influe
of process parameters at material production on
endurance characteristics of materials.



Predvideni Gtudijski r
V okviru predmeta bodc
sposobnost o pravilni
aplikacijo povezano z

eksperiment za preizkt
Zzna napovedat. ( oc enrgat
predmeta (materiala) v izbrani aplikaciji.

Nadalje bodo poglobili njihovo razumevanije fizik
met al ur Gki h procesov,
povezani z vzdrHlIjivos
detekcijo teh procesov.
gtudentjedbbdbi tesdosptk
problemov sistemske narave.

Znanje in razumevanije:

Zna povezati parametre izdelave materiala z
dobl jenimi vzdrHIjivos
procese, ki pospeGuj ej

materialovinstemtudiast anek poG
ovrednotiti in opredel
ter sprejeti ukrepe zc¢
napovedati (oceniti) F
materi al za specifilnc
sistemskega pristopapr pr obl emi h
materialov. gtudent pr
probl emov, K i SO na Vi

sistemske narave. Kombinacija uporabe
laboratorijskega dela za fizikalno simuliranje
degradacije materi ad o\
degradacijo, metod za sledenje procesov degrac

in nastalih poGkodb t e
izdel ave materiala omc
problema vzdrHIjivosti

povezave med vzroki in posledicami.

Met ode poulevanja in
Predavanja, vaje, laboratorijsko delo, seminarji,
projekno delo.

Intended learning outcomes:

By the end of this course students will obtain abi
to select appropriate material for specific applica
reffering to endurance of material, ability to desic
experiment for investigation of specific enduranc
characteristic, ability for foreaagt{assesment) of
service time of material in selected aplcation.
Further, they will deepen their understanding of
physical and metallurgical processes that takes |
in materials and are related to endurance as wel
apply methods needed for detecof these
processes in material.

Students will be able also to solve complex prob

Knowledge and understanding:

Student is able to connect process parameters o
material production with obtained endurance
characteristics, he/she understand théikioe
degradation processes in materials leading to
damages, he/she is able to assess reasons for
occurrence of various type of damages and to m
decisions for improving of endurance, he is able
forecast (assess) service time and to select agipr
material for specific application, and understand
importance of system approach at problems of
endurance of materials. Student is able at solvin
problems which are apparently hard to solve anc
which systematic approach is needed.

Applying of cenbination of laboratory work for
physical simulation, mathematical models for
description of degradation of materials, methods
tracing of degradation processes as well as occt
of damages considering process parameters of
material production enablintegral considering of
problem of endurance. This also enables
understanding of reasons and consequences at
endurance of materials.

Learning and teaching methods:
Lectures, exercises and laboratory work, project
work.

NalLini ocenjevanjaDel eH/ V Assessment:

A ocena domalih na 2500% A mark of homewor k
A ocena projektneg 2500% A mark of project

A ocena ustnega iz 50,0000 A mark of the oral
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