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Vrsta predmeta/Course Obvezni strokovni predmet na smeri Proizvodno

type: strojnistvo, ki je izbirni strokovni predmet na ostalih
smereh./Compulsory specialised course in the study of
Production Engineering, which is an elective specialised
course in other fields of study.

Jeziki/Languages: Predavanja/Lectures: Slovens$cina
Vaje/Tutorial: Slovenscina
Pogoji za vkljucitev v delo oz. za Prerequisites:

opravljanje studijskih obveznosti:

Meeting the enrollment conditions for
the Master's study programme of
Mechanical Engineering - Research and
Development program.

Izpolnjevanje pogojev za vpis v
Magistrski Studijski program II.
stopnje Strojnistvo - Razvojno
raziskovalni program.

Vsebina: Content (Syllabus outline):

1. Doloc¢anje mikrostrukturnih 1. Analysis of microstructural

premen:
- Termicna analiza, diferencialna
termicna analiza, dilatometricna
analiza, metalografski nacin
doloc¢evanja premen.

transformations: Thermal analysis,
Differential thermal analysis,
Dilatometry, Metallographic
analysis of transformation

. Continuous and isothermal cooling

2. Kontinuirni in izotermni diagrami diagram: Construction of CCT/TTT
ohlajanja: diagram, mechanisms and
- Konstrukcija TTT in CCT morphology of pearlite / bainite,
diagramov, mehanizem in martensite transformation,
morfologija nastanka perlita in martensite transformation and its
bainita, martenzitna properties.
transformacija, nastanek in . Cooling rate and steel
lastnosti martenzita. microstructure:
3. Vpliv hitrosti ohlajanja jekla na Slow cooling, fast cooling -
nastalo mikrostrukturo: hardening, quenchants and phases
- Pocasno ohlajanje, hitro ohlajanje of quenching, the impact of cooling
- kaljenje, breznapetostno kaljenje, rate on diffusion and non-diffusion
bainitno poboljsanje, gasilna transformations, tempering, and
sredstva in faze kaljenja, vpliv microstructures.
hitrosti ohlajanja na difuzijske in . Hardenability and thru-
brezdifuzijske transformacije, hardenability:
popuscanje, mikrostrukture. Jominy end-quench test, Grossman
4. Kaljivost in prekaljivost: hardenability test: procedure, ideal

- Preizkus po Jominy-ju, vplivi na



prekaljivost po Jominy-ju, Preizkus
prekaljivosti po Grossmanu:
predstavitev postopka, doloCevanje
idealnega kriticnega premera
kaljivosti Di.

5. Kaljenje ogljikovih in legiranih
orodnih jekel:
- Vpliv legirnih elementov,
nagnjenost k tvorbi karbidov, izbira
nacinov toplotne obdelave orodnih
jekel, lastnosti orodnih jekel po
toplotni obdelavi, popuscanje
orodnih jekel.

6. Napetosti in napake pri kaljenju:
- Popacenje in kalilne razpoke kot
posledica termicnih in
transformacijskih napetosti,
sprememba mikrostrukture in
notranjih napetosti med kaljenjem
in popuscanjem jekel.

7. Lokalno in povrsinsko kaljenje:
- Potopno kaljenje, kaljenje s
plamenom, induktivno kaljenje,
lasersko kaljenje, izbira postopka in
izvedba posameznih nacinov
kaljenja, mikrostruktura in lastnosti
povrsin.

8. Kemo-termic¢ni postopki utrjevanja
povrsin:
- Cementiranje, nitriranje,
karbonitriranje, jekla za
cementiranje, sredstva za
ogljicenje, nacini toplotne obdelave
po ogljicenju, napake pri
cementiranju...

9. Oplemenitenje povrsin:
- Boriranje, CVD, PVD, anodizacija,
galvanizacija, kromanje...

10.Preoblikovalni procesi v toplem in
hladnem stanju:
- Mikrostruktura po preoblikovanju,
poprava in rekristalizacija
mikrostrukture, termo-mehanske
obdelave jekel, stanje in lastnosti
materiala po termo-mehanski
obdelavi, sprotna rekristalizacija.

11.Nacrtovanje tehnologije segrevanja
in pregrevanja pri toplotni
obdelavi:
- Predpisovanje potrebnih pogojev
segrevanja, nacini prenosa toplote,

critical diameter Di

5. Hardening of carbon and alloyed
tool steels: Influence of alloying
elements, inclination towards
forming of carbides, choosing of
heat treatments for tool steels,
microstructural changes during
hardening and annealing,
mechanical properties.

6. Hardening stresses and cracks:
Distortion and hardening cracks
due to transformation and thermal
stresses, change of microstructure
and residual stresses during
hardening and tempering.

7. Local and case hardening:

Sinking, flame, inductive, laser
hardening; choosing a process and
its performance, microstructure
and surface properties.

8. Thermo-chemical surface
treatments: Carburization,
nitriding, carbo-nitriding, steels for
nitriding, carburizing media, heat
treatments after carburization,
imperfections after carburization...

9. Surface processing:

Boriding, CVD, PVD, anodization,
galvanization, chroming...

10.Plastic forming in hot and cold
state: Microstructure, recovery and
recrystallization, thermomechanical
processes, properties after
thermomechanical process, grain
recrystallization during plastic
forming,

11.Heat treatment processes:
Formation of austenite upon
heating, heat transfer, heating in
furnaces, mineral salt baths...

12.Selection of tempering
technological parameters:
Holloman-Jaffe parameter as a
diffusion process, Kraft Lamont
method...

13.Furnace atmosphere:

Controlled protective atmospheres,
controlled active atmospheres,
basic means used to prepare
controlled atmospheres. Furnaces
and equipment for heat treatment



Temeljna literatura in viri/Readings:

osnovni podatki o hitrostih
segrevanja v komornih in solnih
peceh...
12.Izbira tehnoloskih parametrov
popuscanja:
- Hollomon-Jaff relacija dosezene
trdote z difuzijo ogljika iz
martenzitne resetke, Kraft
Lamontova metoda.
13.Zascita pri toplotni obdelavi:
- Proti oksidaciji, razogljicenju,
zaSCita pri segrevanju v plamenskih
in elektricnih peceh, kontrola
sestave zascCitnih plinov, ...
14.Predpisovanje razli¢nih toplotnih
postopkov v vakuumu:
- zarjenje, kaljenje, popusScanje,
cementiranje karbonitriranje,
razplinjanje, trdo lotanje, sintranje.
15.Posebni postopki toplotne obdelave
jekel:
- Toplotna obdelava nezeleznih
zlitin na osnovi aluminija, bakra,
titana, itd. Termo-mehanska
obdelava izbranih nezeleznih zlitin
z mikrostrukturnimi spremembami
in mehanskimi lastnostmi.

of metals in controlled
atmospheres.

14.Vacuum heat treatment:
annealing, hardening, tempering,
carburization, carbonitriding,
sintering, degassing...

15.Special techniques for heat
treatment of steels:
Heat treatment of non-ferrous
alloys based on aluminium, copper,
titanium etc. Thermomechanical
treatment of selected non-ferrous
alloys with microstructural changes
and mechanical properties.

1. D. R. Askeland: The science and engineering of materials, Sixth Edition,
Chapman & Hall, London, 2011 [COBISS.SI-ID 5321057]

2.

3.

M. Philip, B. Bolton: Technology of engineering materials, Butterworth

Heinemann, Oxford, 2007 [COBISS.SI-ID 5489947]

1991 [COBISS.SI-ID 8116763]

P.H. Morton: Surface engineering and heat treatment, The institute of metals,

. Moderno proizvodno inzenirstvo, priro¢nik, ur. Karl Kuzman, Grafis trade, 2010

[COBISS.SI-ID 244690944]

. H.E. Boyer: Practical heat treatment,American society for metals, 1984

[COBISS.SI-ID 508699]

6. P. Panjan: ZasSc¢ita orodij s trdimi PVD-prevlekami, IJS, 2005 [COBISS.SI-ID
223154176]

Cilji in kompetence: Objectives and competences:

Cilji: Objectives:
1. Spoznati razlicne vrste toplotnih
obdelav kovinskih materialov, kaj

se z mikrostrukturnega vidika

1. To find out the different types of
heat treatment of metallic
materials, what happens from the


https://plus.cobiss.net/cobiss/si/sl/bib/223154176
https://plus.cobiss.net/cobiss/si/sl/bib/508699
https://plus.cobiss.net/cobiss/si/sl/bib/244690944
https://plus.cobiss.net/cobiss/si/sl/bib/8116763
https://plus.cobiss.net/cobiss/si/sl/bib/5489947
https://plus.cobiss.net/cobiss/si/sl/bib/5321057

dogaja med segrevanjem materiala
in kaksSne lastnosti materiala lahko
dosezemo po ohlajanju v razliénih
sredstvih z razli¢no stopnjo
intenzivnosti ohlajanja.

2. Spoznati tehnoloske parameter
toplotnih obdelav.

3. Spoznati stroje in naprave v
povezavi z doloCevanjem casov za
izvedbo posameznih elementov
procesa toplotne obdelave
materiala.

Kompetence:

1. Sposobnost ocenjevanja lastnosti
toplotno obdelanih materialov z
vidika nastale mikrostrukture in
dosezenih lastnosti (S1,52,S7-
MAG+P2, P3-MAG)

2. Dobro poznavanje postopkov
toplotne obdelave materialov in
izbire ustreznega nacina glede na
zahtevane mehanske lastnosti
materiala. (S1,52,S7-MAG+P2,P3-
MAG)

3. Sposobnost povezovanja vrste
materiala in oblike izdelka pri
predvidevanju pogojev toplotne
obdelave za doseganje zelenih
lastnosti. (S1,S2,S7-MAG+P2,P3-
MAG)

4. Obvladovanje doloCanja Casa
toplotne obdelave za razlicne vrste
toplotnih obdelav in za razlicne
materiale izdelkov. (S1,S2,S7-
MAG+P2,P3-MAG)

Predvideni Studijski rezultati:

Znanja:

Student pridobi osnovno znanje
mehanskih in nekaterih fizikalnih
lastnosti materialov po razlicnih
toplotnih obdelavah. Student pridobi
sposobnost nac¢rtovanja toplotnih
obdelav glede na zahtevane lastnosti
materialov v kompleksnih obratovalnih
razmerah. Student pridobi sposobnost
ocenjevanja in primerjave podatkov o

microstructural point of view
during the heating of the material
and what properties of the material
can be achieved after cooling in
different media with different
degrees of cooling intensity.

2. To know the technological
parameter of heat treatments.

3. To know the machines and devices
in connection with determining the
time for the implementation of the
individual elements of the process
of heat treatment of the material.

Competences:

1. Ability to evaluate the properties of
heat-treated materials in terms of
the resulting microstructure and
achieved properties (S1,52,S7-MAG
+ P2,P3-MAG)

2. A good knowledge of the materials
heat treatment processes and the
selection of the appropriate method
according to the required
mechanical properties of the
material. (S1,S2,S7-MAG + P2,P3-
MAG)

3. Ability to relate material type and
product form in anticipating heat
treatment conditions to achieve
desired properties. (S1,S2,S7-MAG
+ P2,P3-MAG)

4. Mastering the determination of
heat treatment time for different
types of heat treatments and for
different product materials.
(S1,S2,S7-MAG + P2-MAG)

Intended learning outcomes:

Knowledge:

The student acquires a basic
knowledge of the mechanical and
some physical properties of materials
after various heat treatments. The
student gains the ability to plan heat
treatments according to the required
material properties under complex
operating conditions. The student
acquires the ability to evaluate and



materialih oziroma zlitinah iz
priroc¢nika, ki so podani v tabelari¢ni
obliki ali v obliki diagramov....

Spretnosti:

S1.1 - Znanje nacrtovanja toplotnih
obdelav v proizvodnji glede na Zeljene
cilje,

S1.2 - Poznavanje mikrostrukturnih
sprememb v material med toplotno
obdelavo in z njimi povezanimi
mehanskih lastnosti

S1.3 - Izracun casov toplotne obdelave

Metode poucevanja in ucenja:

—_

. P1 - avditorna predavanja

2. P2 - obravnava snovi po urejeni in v
naprej razlozZeni sistematiki

3. P3 - avditorne in laboratorijske
vaje

4. P5 - uporaba Studijskega gradiva v

obliki knjig, zapiskov predavanj -

tiskana oblika, e-zapiski predavanj.

compare material or alloy data from
the manual, which are given in tabular
or diagram form....

Skills:

S1.3 - Knowledge of designing heat
treatment in production according to
desired goals,

S1.2 - Knowledge of microstructural
changes in material during heat
treatment and related mechanical
properties

S1.3 - Calculation of heat treatment
times

Learning and teaching methods:

1. P1 Auditorial lectures.

2. P2 Treats substances according to
an orderly and systematic
explanation

3. P3 Auditorial and laboratory
exercises.

4. P5 Application of study material
(textbook, e-book, printed lecture

presentations).
Nacini ocenjevanja: Delez/ Assessment:
Weight
- Teoreti¢ne vsebine (predavanja). 70,00 % - Theoretical content (lectures).
- Delo na vajah (vklju¢no s 30,00 % - Laboratory work (including

porocili).

Ocenjevalna lestvica:

5 - 10, pri cemer velja, da je pozitivna
ocenaod 6-10

reports).

Grading system:

5 - 10, a student passes the exam if he is
graded from 6 to 10
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