METODE NUMERICNEGA MODELIRANJA

UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet:

Course title:
Clanica nosilka/UL
Member:

Studijski programi in stopnja
Strojnistvo - razvojno raziskovalni
program, prva stopnja, univerzitetni

Univerzitetna koda predmeta/University course code:
Koda uéne enote na ¢lanici/UL Member course code:

Predavanja Seminar
/Lectures /Seminar
30

Nosilec predmeta/Lecturer:

Izvajalci predavanj:
Izvajalci seminarjev:
Izvajalci vaj:

Izvajalci klini¢nih vaj:
Izvajalci drugih oblik:
Izvajalci prakticnega
usposabljanja:

Vista predmeta/Course type:

Jeziki/Languages:

Pogoji za vkljucitev v delo oz. za opravljanje

studijskih obveznosti:

Izpolnjevanje pogojev za vpis v Univerzitetni Studijski
program L. stopnje Strojnistvo - Razvojno

raziskovalni program.

Vsebina:

Uvod v numeri¢no modeliranje
- Opredelitev fizikalnega, matemati¢nega in -
numeri¢nega modela, znacilnosti modelov, prostostne

stopnje

2. Eksaktno reSevanje robnega problema -

Metode numeri¢nega modeliranja
Numerical Modelling Methods
UL FS

Studijska smer Letnik Semestri Izbirnost
Ni ¢lenitve (Studijski 3. letnik 1. semester | obvezni
program)

0562764

2027-U

Vaje Klini¢ne vaje  Druge oblike = Samostojno ECTS
/Tutorials /Clinical $tudija delo
tutorials /Other forms /Individual
of study student work
30 65 5

izr. prof. dr. Miroslav Halilovi¢, izr. prof. dr. Nikolaj Mole, doc. dr. Bojan
Starman

Obvezni splosni predmet /Compulsory general course

Predavanja/Lectures: Slovenscina

Vaje/Tutorial: Slovenséina

Prerequisites:

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

Content (Syllabus outline):

Introduction to numerical modelling
Definition of physical, mathematical and
numetrical model, characteristics, DOF

2. Exact solving the boundary problem
Boundary and internal domain conditions




- Robni pogoji in pogoji konsistentnega prehoda
- Resevanje kontinualnih sistemov, primer osno
obremenjenega konstrukcijskega elementa
3. Aproksimativno resevanje
- Funkcijski in interpolacijski pristop
- Transformacija diferencialnih zvez v diferencne
4.  Metoda kon¢nih razlik
- Izpolnjevanje diferencialne enacbe
- Izpolnjevanje robnih pogojev
- Izpolnjevanje pogojev konsistentnega prehoda na
meji med podobmodji
- Resevanje primerov in analiza rezultatov
5. Integralska variacijska formulacija
- Osnovna oblika integralske formulacije
- Sibka oblika integralske formulacije
- Inverzna oblika integralske formulacije
6. Metoda konc¢nih elementov — 1.del
- Aproksimacija primarne spremenljivke
- Izpeljava enacbe koncnega elementa
7. Metoda konc¢nih elementov — 2.del
- Izpolnjevanje robnih pogojev
- Izpolnjevanje pogojev konsistentnega prehoda
- Resevanje primerov in analiza rezultatov
8. Metoda robnih elementov
- Aproksimacija primarne spremenljivke
- Izpeljava enacbe robnega elementa
- Izpolnjevanje robnih pogojev
- Izpolnjevanje pogojev konsistentnega prehoda
- Resevanje primerov in analiza rezultatov
9. Metoda kon¢nih volumnov
Matematicni model 1D toka tekocine
- Integralska formulacija
- Izplejava enacbe za koncni volumen
- Izpolnjevanje robnih pogojev
- Izpolnjevanje pogojev konsistentnega prehoda
- Resevanje primerov in analiza rezultatov
10.  Vplivi na natancnost numericne resitve
- Metoda konénih razlik
- Metoda konénih elementov
- Metoda konc¢nih volumnov
- Resevanje primerov in analiza rezultatov
11.  Resevanje ¢asovno odvisnih problemov
- Matemati¢ni model 1D prevoda toplote
- Implicitna ¢asovna shema
- Eksplicitna casovna shema
- Stabilnost numeri¢nega izracuna
12. Resevanje problemov z ve¢ primarnimi
spremenljivkami — 1.del
- Izpeljava vodilne enacbe
- Izpolnjevanje robnih pogojev
- Izpolnjevanje pogojev konsistentnega prehoda
- Uporaba metode kon¢nih razlik
- Resevanje primerov in analiza rezultatov
13.  Resevanje problemov z ve¢ primarnimi
spremenljivkami — 2.del
- Uporaba metode kon¢nih elementov
- Primerjava razli¢nih tipov koné¢nih elementov
- Uporaba metode kon¢nih volumnov

- Solution of continuous systems — case of axially

loaded structural element

3. Approximate solving

- Functional and interpolation approach

- Transformation of differential equations into

difference ones

4. Finite difference method

Fulfillment of differential equation

- Fulfillment of boundary conditions

- Fulfillment of conditions on the boundary

between subdomains

- Case studies and analyzing the results

5. Variational formulation by integral equation

- Basic integral formulation

- Weak integral formulation

- Inverse integral formulation

6. Finite element method — 1st part

- Approximation of the primary variable

- Derivation of the finite element equation

7. Finite element method — 2nd part
Fulfillment of boundary conditions

- Fulfillment of conditions on the boundary

between subdomains

- Case studies and analyzing the results

8. Boundary element method

- Approximation of the primary variable

- Derivation of the boundary element equation

- Fulfillment of boundary conditions

- Fulfillment of conditions on the boundary

between subdomains

- Case studies and analyzing the results

9. Finite volume method

- Mathematical model of 1D fluid flow

- Integral formulation

- Derivation of the finite volume element equation

- Fulfillment of boundary conditions

- Fulfillment of conditions on the boundary

between subdomains

- Case studies and analyzing the results

10.  Influence on accuracy of the numerical solution

- Finite difference method

- Finite element method

- Finite volume method

- Case studies and analyzing the results

11. Time-dependent problems

- Mathematical model of 1D heat transfer

- Implicit time integration scheme

- Explicit time integration scheme

- Stability in the numerical computation

12.  Problems with multiple primary variables — 1st

part

- Derivation of the main equation

- Fulfillment of boundary conditions

- Fulfillment of conditions on the boundary

between subdomains

- Use of finite difference method

- Case studies and analyzing the results

13.  Problems with multiple primary variables — 2nd



- Resevanje primerov in analiza rezultatov
14.  Resevanje 2D problemov — 1.del

- Uporaba metode kon¢nih razlik

- Izpeljava shem za aproksimacijo odvodov
- Izboljsava resitve ob robovih obmocja
15.  Resevanje 2D problemov — 2.del

- Uporaba metode kon¢nih elementov

- Uporaba metode kon¢nih volumnov

- Resevanje primerov in analiza rezultatov

Temeljna literatura in viri/Readings:

part
- Use of the finite element method

- Comparison between different finite elements

- Use of finite volume method

- Case studies and analyzing the results

14.  Solving 2D problems — 1st part

- Use of the finite difference method

- Derivation of different approximation scheme for
derivatives

- Improvement the solution along the edges of the
domain

15.  Solving 2D problems — 2nd part

- Use of the finite element method

- Use of the finite volume method

- Case studies and analyzing the results

1. S.S.Rao: The Finite Element Method in Engineering, Elsevier, 201 [COBISS.SI-ID 11983387]
2. F.W. Ames: Numerical Methods for Partial Differential Equations, Academic Press, 199 [COBISS.SI-1ID

3. H.K. Versteeg: An introduction to computational fluid dynamics: the finite volume method, Pearson

Education, 2007. [COBISS.SI-ID 28914181]

4. N. Mole: Metode numericnega modeliranja : dodatno Studjjsko gradivo ga predavanja pri predmetu : Univeritetni
Studjjski program 1. stopnje Strojnistvo - RRP 3. letnik. Ljubljana: Fakulteta za strojnistvo, 2018. 720 str.

[COBISS.SI-ID 15883803]

Cilji in kompetence:

Cilji:

1. Spoznati teoreticno ozadje numeri¢nih metod, ki
se uporabljajo pri numeri¢cnem modeliranju
fizikalnih problemov

2. Pridobiti znanje o prednostih in slabostih metod
numeri¢nega modeliranja posameznih problemov

3. Spoznati vplive na natan¢nost numericne resitve

Kompetence:

1. Izbira ustrezne numeri¢ne metode pri
numeri¢nem modeliranju inzenirskih problemov
(S6-RRP + P3-RRP + P4-RRP)

2. Sposobnost priprave numeri¢nega modela (S1-
RRP + P3-RRP + P4-RRP)

3. Analiza rezultatov upostevajoc¢ specifiko
uporabljene numeri¢ne metode (S6-RRP + P4-
RRP)

Predvideni $tudijski rezultati:

Znanja:

Poglobljeno teoreti¢no in prakticno znanje o

numeri¢nih metodah in njithovi uporabi pri

numeri¢nem modeliranju inzenirskih problemov.

Spretnosti:

1. §2: Ucinkovito numeri¢no modeliranje
inzenirskih problemov s pravo izbiro numericne
metode

Obijectives and competences:

Goals:

1. Understand the theoretical background of
numerical methods used in numerical modeling
of physical problems

2. To acquire knowledge about the advantages and
disadvantages of numerical modeling methods
for individual problems

3. To know the influence on the accuracy of the
numerical solution

Competences:

1. Selection of appropriate numerical method for
numerical modeling of engineering problems (S6-
RRP + P3-RRP + P4-RRP)

2. The ability to prepare a numerical model
(S1-RRP + P3-RRP + P4-RRP)

3. Analysis of results taking into account the
specifics of the used numerical method (S6-RRP
+ P4-RRP)

Intended learning outcomes:

Knowledge:

In-depth theoretical and practical knowledge of

numerical methods and their application in numerical

modeling of engineering problems.

Skills:

1. S2: Effective numerical modeling of engineering
problems with the optimal choice of numerical
method


https://plus.cobiss.net/cobiss/si/sl/bib/11983387
https://plus.cobiss.net/cobiss/si/sl/bib/2455830
https://plus.cobiss.net/cobiss/si/sl/bib/28914181
https://plus.cobiss.net/cobiss/si/sl/bib/15883803

2. S1.4: Analiza rezultatov numeric¢nega reSevanja 2. S1.4: Analysis of the results of numerical solving

upostevajoc specifiko posamezne numeri¢ne taking into account the specifics of each
metode numerical method
Metode poucevanja in ucenja: Learning and teaching methods:
P1 Avditorna predavanja z reSevanjem izbranih - za P1 Lectures with solving selected typical and
podro¢je znacilnih - teoreti¢nih in prakticno theoretical examples
uporabnih primerov P2 Study content is discussed according to an orderly
P2 Obravnava snovi po urejeni in vnaprej razlozeni and pre-explained systematics
sistematiki P5 Use of study material in the form of PPT slides,
P5 Uporaba studijskega gradiva v obliki PPT which the student receives for each lecture before the
prosojnic, ki jih $tudent za posamezno predavanje lecture
dobi pred predavanjem P7 Literature studies and discussion
P7 Studij literature in razprava P10 Use real-time surveys
P10 Uporaba anket v realnem casu P15 Using video content as a preparation for lectures
P15 Uporaba video vsebin kot priprava na predavanja | and tutorials
in vaje
Nacini ocenjevanja: DeleZ/Weight Assessment:
Teoreticne vsebine 50,00 % Theory
Prakticne vsebine 30,00 % Practical work
Samostojno delo 20,00 % Coursework
Ocenjevalna lestvica: Grading system:
5 - 10, pri ¢emer velja, da je pozitivna ocena od 6 - 10 | 5 - 10, a student passes the exam if he is graded from
6to 10

Reference nosilca/Lecturer's references:

Miroslav Halilovi¢:
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3. HRANJEC, Dalibor, HALILOVIC, Miroslav, MOLE, Nikolaj, STARMAN, Bojan. Izracun
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reconstruction from strain fields under alignment assumption using finite element method. V: SLAVIC,
Janko (ur.), CESNIK, Martin (ut.). Kubljevi dnevi 2023 : bornik. del : Bled, 21.~22. september 2023. 1 jubljana:
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165929475]
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Sam. Out-of-plane shear testing of anisotropic sheet metals using double bridge shear test. V: Material
Forming : ESAFORM 2025 : the 28th International ESAFORM Conference on Material Forming — ESAFORM
2025, Paestum (Italy), 7-9 May, 2025. Millersville: Materials Research Forum LLC, 2025. Str. 1520-1527,
ilustr. Materials research proceedings (Online), 54. ISBN 978-1-64490-359-9. ISSN 2474-395X.
[COBISS.SI-ID 236162563]

5. KOVSCA, Dejan, KOTNIK, Urban, KOC, Pino, MOLE, Nikolaj, HALILOVIC, Miroslav.
Thermomechanical and fracture mechanics analysis of the RCP injection nogzle due to 1328-CS-M modification.
Ljubljana: Faculty of Mechanical Engineering, 2025. 8 f., graf. prikazi. [COBISS.SI-ID 237804291]

Nikolaj Mole:

1. MARKEZIC, Rok, NAGLIC, Iztok, MOLE, Nikolaj, STURM, Roman. Experimental and numerical
analysis of failures on a die insert for high pressure die casting. Engineering failure analysis, ISSN 1350-6307.
[Print ed.], Jan. 2019, vol. 95, str. 171-180. [COBISS.SI-ID 16374299]


https://plus.cobiss.net/cobiss/si/sl/bib/16512283?lang=sl
https://plus.cobiss.net/cobiss/si/sl/bib/16628763?lang=sl
https://plus.cobiss.net/cobiss/si/sl/bib/165929475
https://plus.cobiss.net/cobiss/si/sl/bib/236162563
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KOVSCA, Dejan, STARMAN, Bojan, KLOBCAR, Damjan, HALILOVIC, Miroslav, MOLE, Nikolaj.
Towards an automated framework for the finite element computational modelling of directed energy
deposition. Finite elements in analysis and design. |Print ed.]. Sept. 2023, vol. 221, str. 1-12, ilustr. ISSN 0168-
874X. [COBISS.SI-ID 150969347]

KASTELIC, Tomaz, STARMAN, Bojan, CAFUTA, Gasper, HALILOVIC, Miroslav, MOLE, Nikolaj.
Correction of mould cavity geometry for warpage compensation. International journal of advanced
manufacturing technology. Nov. 2022, vol. 123, str. 19571971, ilustr. ISSN 0268-3768. [COBISS.SI-ID
127300355]

KOVSCA, Dejan, STARMAN, Bojan, SCETINEC, Aljaz, KLOBCAR, Damjan, MOLE, Nikolaj.
Advanced computational modelling of metallic wire-arc additive manufacturing. V: HABRAKEN, Anne
Marie (ut.). 24th International Conference on Material Forming, 1 .iége, Belgium, 14 - 16 April, 2021 : ESAFORM
2021. 24th International Conference on Material Forming, Liége, Belgium, 14 - 16 April, 2021. Licge:
AIM. 2021, str. 1-11, ilustr. [COBISS.SI-ID 63316227]

MOLE, Nikolaj, STARMAN, Bojan, KOC, Pino, HALILOVIC, Miroslav, KOTAR, Andrej. Fer
simulation of progressive stamping process : project phase 4 : zakljuino porocilo. Ljubljana: Fakulteta za strojnistvo,
2017. 11, 41str. [COBISS.SI-ID 15529243]

Bojan Starman:

1.

HALILOVIC, Miroslav, STARMAN, Bojan, COPPIETERS, Sam. Computationally efficient stress
reconstruction from full-field strain measurements. Computational mechanics. Mar. 2024, str. 1-24, ilustr.
ISSN 1432-0924. [COBISS.SI-ID 190346755]

KOVSCA, Dejan, STARMAN, Bojan, KLOBCAR, Damjan, HALILOVIC, Miroslav, MOLE, Nikolaj.
Towards an automated framework for the finite element computational modelling of directed energy
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874X. [COBISS.SI-ID 150969347]

UREVC, Janez, STARMAN, Bojan, MACEK, Andraz, HALILOVIC, Miroslav. A novel class of
collocation methods based on the weighted integral form of ODEs. Computational & Applied Mathematics.
Jun. 2021, vol. 40, iss. 4, str. 1-28, ilustr. ISSN 1807-0302. [COBISS.SI-ID 62500867]

CHEN, Bin, STARMAN, Bojan, HALILOVIC, Miroslav, BERGLUND, Lars A., COPPIETERS, Sam.
Finite element model updating for material model calibration : a review and guide to practice. Archives of
computational methods in engineering. |Online ed.]. 2024, vol. , str. [1-78], ilustr. ISSN 1886-1784. [COBISS.SI-
ID 217373187]
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