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Vsebina:

1. Postopek resevanja z MKE

- Priprava geometrijskega modela
konstrukcijskega elementa upostevajoc
vrsto obremenjevanja

- Dolocitev fizikalnega modela
mehanske obremenitve

- Matematicni popis fizikalnega
dogajanja

2. Priprava geometrijskega modela
- Nadomestitev volumskega
geometrijskega modela s ploskovnim
geometrijskim modelom

- Nadomestitev volumskega
geometrijskega modela z linijskim
geometrijskim modelom

- Obravnava primerov iz inZenirske
prakse

3. Numeri¢no reSevanje
matemati¢cnega modela

-  Metoda koncnih razlik (MKR)

- Metoda konc¢nih elementov (MKE)
- Koraki pri resevanju z MKE

4. Mrezenje linijskih in ploskovnih
konstrukcij s KE

- Izbira geometrijske oblike KE

- Mrezenje z 1D KE

-  Mrezenje z 2D KE

- Kontrola kvalitete 2D mreze KE
5. MreZenje volumskega obmocja s KE
- Mrezenje s 3D KE

- Kontrola kvalitete mreze 3D KE

- Dolocitev fizikalnih lastnosti
materialov

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

Content (Syllabus outline):

1. Basic steps of FEM

- Preparation of the geometric model
of the structural element taking into
account the type of loading

- Determination of the physical model
of mechanical loading

- Mathematical description of physical
phenomena

2. Preparation of geometric model

- Replacement of the geometrical
volume model with the geometrical
surface model

- Replacement of the geometrical
volume model with the geometrical line
model

- Engineering case studies

3. Numerical solution of mathematical
model

- Finite difference method (FDM)

- Finite element method (FEM)

- General steps in FEM simulation

4. Mesh generation of line and surface
structures by FEs

- Selection of FE geometry - 3D, 2D or
1D

- FE mesh generation with 1D FEs

- FE mesh generation with 2D FEs

- Quality control of 2D FE mesh

5. Mesh generation of the volume
domain by FEs

- Mesh generation with 3D FEs

- Quality control of 3D FE mesh

- Determination of the physical



- Dolocitev geometrijskih lastnosti KE
- Dolocitev zacetnih, robnih in
obremenitvenih pogojev

6. Aproksimacija primarne veli¢ine po
obmocju KE

- Interpolacijske funkcije

- Preslikava v naravni koordinatni
sistem

- Analiza vpliva aproksimacije po
obmocju KE na rezultate izracuna na
primerih iz inZenirske prakse

7. Osem vozlis¢ni 3D KE

- Znacilnosti izoparametri¢nih 3D KE
- Dolocitev lege integracijskih tock -
Gaussova integracijska formula

- Matricni zapis sistema linearnih
enach

8. Resevanje 3D problema z MKE

- Primer resevanja volumskega
problema

- Nacini reSevanja sistema linearnih
enach

- Prikaz in analiza rezultatov primerov
iz inZenirske prakse

9. Uporaba 3D KE za resevanje
mehanskih problemov

- Dolocitev stevila prostostnih stopenj
KE

- Tockovna obremenitev

- Ploskovna porazdeljena obremenitev
- Volumsko porazdeljena obremenitev
- Prikaz in analiza rezultatov primerov
iz inzenirske prakse

10. Uporaba osnosimetri¢nih KE za
resevanje mehanskih problemov

- Pogoji za uporabo osnosimetri¢nih
KE

- Vrste obremenitev

- Prikaz in analiza rezultatov primerov
iz inzenirske prakse

11. Obravnava mehanskih problemov z
2D KE

- Pogoji za uporabo 2D KE

- Obravnava ravninsko napetostnega
stanja

- Obravnava ravninsko
deformacijskega stanja

12. Obravnava upogiba plos¢ z 2D KE
- Zahtevani pogoji za uporabo 2D KE
za obravnavo upogiba plosc

- Vrste obremenitev

properties of materials

- Determination of the geometrical
properties of FEs

- Determination of initial, boundary
and loading conditions

6. Approximation of primary variable
in FE domain

- Interpolation functions

- Mapping to a natural coordinate
system

- Analysis of the impact of FE domain
approximation on the results of
computation of engineering case studies
7. 3D eight-node FE

- Characteristics of isoparametric 3D
FEs

- Determination of the position of
integration points - Gaussian quadrature
rule

- Matrix form of the system of linear
equations

8. Solving 3D problem using FEM

- An example of solving a volume
problem

- Visualization and analysis of the
results of engineering case studies

9. Use of 3D FEs to solve mechanical
problems

- Determination of the number of FE
DOF

- Point load

- Area distributed load

- Volume distributed load

- Visualization and analysis of the
results of engineering case studies

10. Use of axisymmetric FEs to solve
mechanical problems

- Conditions for use of axisymmetric
FEs

- Types of loads

- Visualization and analysis of the
results of engineering case studies

11. Mechanical problem analysis by
2D FEs

- Conditions for the use of 2D FEs

- Analysis of plane strain state

12. Bending plate analysis by 2D FEs
- Required conditions for using 2D FEs
to analysis plate bending

- Types of loads

- Visualization and analysis of the



- Prikaz in analiza rezultatov primerov
iz inZenirske prakse

13. Uporaba in posebnosti lupinskih
KE za resevanje mehanskih problemov

- Vpeljava lokalnega koordinatnega
sistema

- Prikaz in analiza rezultatov primerov
iz inzenirske prakse upostevajo¢ globalni
ali lokalni koordinatni sistem

14. Uporaba in posebnosti 1D KE za
resevanje mehanskih problemov

- Obravnava enoosno obremenjenih
konstrukcijskih elementov

- Obravnava upogibno obremenjenih
nosilcev

- Vrste obremenitev

- Prikaz in analiza rezultatov primerov
iz inZenirske prakse

15. Pristopi k napredni uporabi MKE
pri obravnavi konstrukcij

- Upostevanje simetricnosti
geometrije, robnih pogojev in
obremenitve

- Povezava razli¢nih tipov KE

- Napredno definiranje robnih pogojev
- Primeri iz inzenirske prakse

Temeljna literatura in viri/Readings:

results of engineering case studies

13. Use and specifics of shell FEs in
mechanical problems solution

- Using of the local coordinate system
- Visualization and analysis of the
results of engineering case studies
considering global or local coordinate
system

14. Use and specifics of 1D FEs in
mechanical problems solution

- Analysis of uniaxially loaded
structural elements

- Analysis of bending loaded beams

- Types of loads

- Visualization and analysis of the
results of engineering case studies

15. Approaches to the advanced use of
FEM in structural analysis

- Consideration of symmetry of
geometry, boundary conditions and
loading

- Connection of different types of FEs
- Advanced definition of boundary
conditions

- Engineering case studies

1. G.R. Liu, S.S. Quek: The Finite Element Method: A practical course, Elsevier,

sec. ed., 2014

2. J.N. Reddy: An Introduction to the Finite Element Method, McGraw-Hill, third

ed., 2009

3. G.R. Buchanan: Schaum's Outline of Finite Element Analysis, Schaum's Outline

Series, 1994

Cilji in kompetence:

Cilji:

1. Spoznati numeric¢no ozadje
posameznih tipov kon¢nih elementov,
ki se uporabljajo pri racunalniski
analizi konstrukcij

2. Pridobiti strokovno znanje priprave
numeri¢nega modela konstrukcije

3. Obvladovanje doloc¢evanja
obremenitvenih pogojev

4. Pridobiti kompetence za prikaz in
vrednotenje rezultatov numericne
analize

Objectives and competences:
Goals:

1. To know the numerical background
of the individual types of finite
elements used in the computer
analysis of structures

2. To acquire professional knowledge in
preparing a numerical model of
structure

3. Mastering the determination of load
conditions

4. Acquire competencies to display and
evaluate the results of numerical



Kompetence:

1. Obvladovanje numeri¢nega ozadja
metode kon¢nih elementov (S2-PAP +
S5-PAP + P2-PAP)

2. Strokovna sposobnost priprave
optimalnega numeri¢nega modela
konstrukcije (S1-PAP + S2-PAP + P1-
PAP + P7-PAP + P8-PAP)

3. Prikaz in analiza rezultatov mehanske
analize konstrukcij (S1-PAP + P1-
PAP)

Predvideni Studijski rezultati:
Znanja:

Poglobljeno strokovno teoreti¢no in
prakticno znanje o racunalnisko podprti
analizi konstrukcij na osnovi metode
konc¢nih elementov.

Spretnosti:

1. S2: Uc¢inkovito numeri¢no
modeliranje inzenirskih problemov z
metodo kon¢nih elementov

2. S1.4: Prikaz in analiza rezultatov
numeri¢nega resevanja upostevajoc
specifiko posameznega koncnega
elementa

Metode poucevanja in ucenja:

P1 Avditorna predavanja z resevanjem
izbranih - za podrocje znacilnih -
teoreti¢nih in prakticno uporabnih
primerov

P2 Obravnava snovi po urejeni in
vnaprej razlozeni sistematiki

P5 Uporaba Studijskega gradiva v obliki
PPT prosojnic, ki jih student za
posamezno predavanje dobi pred
predavanjem

P8 Izdelava in predstavitev aplikativnih
seminarskih nalog

P10 Uporaba anket v realnem casu

P15 Uporaba video vsebin kot priprava
na predavanja in vaje

analysis
Competences:

1. Mastering the numerical background
of the finite element method (S2-PAP
+ S5-PAP + P2-PAP)

2. The ability to prepare an optimal
numerical model of the structures
(S1-PAP + S2-PAP + P1-PAP + P7-
PAP + P8-PAP)

3. Presentation and analysis of
mechanical analyses results (S1-PAP
+ P1-PAP)

Intended learning outcomes:
Knowledge:

In-depth theoretical and practical
knowledge of computer aided analysis of
structures based on finite element
method.

Skills:

1. S2: Effective numerical modeling of
engineering problems with finite
element method

2. S1.4: Analysis of results of numerical
solving taking into account the
specificity of each finite element

Learning and teaching methods:

P1 Lectures with solving selected typical
and theoretical examples

P2 Study content is discussed according
to an orderly and pre-explained
systematics

P5 Use of study material in the form of
PPT slides, which the student receives
for each lecture before the lecture

P8 Preparation and presentation of
applied seminar work

P10 Use real-time surveys

P15 Using video content as a
preparation for lectures and tutorials



Nacini ocenjevanja: Delez/ Assessment:

Weight
Teoreticne vsebine 50,00 % Theory
Prakti¢ne vsebine 30,00 % Practical work
Samostojno delo 20,00 % Coursework

Reference nosilca/Lecturer's references:

Miroslav Halilovic:

1.

STARMAN, Bojan, HALLBERG, Hakan, WALLIN, Mathias, RISTINMAA, Matti,
HALILOVIC, Miroslav. Differences in phase transformation in laser peened
and shot peened 304 austenitic steel. International journal of mechanical
sciences. 2020, vol. 176, str. 1-18, ilustr. ISSN 0020-7403. [COBISS.SI-ID
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