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Vsebina: Content (Syllabus outline):




10.

11.

12.

Uvod v dinamiko strojev in konstrukcij

- Predstavitev gradnikov strojev in konstrukcij
- Predstavitev metod diskretizacije zveznih
dinamskih sistemov

Elasto-dinamski popis zveznih sistemov

- Princip virtualnega dela (zapis dinamicnega
ravnotezja zveznih sistemov)

- Kineti¢na in potencialna energija zveznih
sistemov

- Definiranje dinamskih robnih pogojev
Rayleigh-Ritzova metoda

- Izbira aproksimacijskih funkcij

- Numeri¢na modalna analiza ter predstavitev
algoritmov za reSevanje problema lastnih
vrednosti

Metoda koncnih elementov v linearni dinamski
analizi

- Predstavitev oblikovnih funkcij

- Izpeljava masne matrike (vztrajnostne sile)
Metode modalne superpozicije

- Definicija modalnega odreza

- Metoda efektivnih modalnih mas

Metode modalne redukcije

- Definicija generaliziranih prostostnih stopen;
- Stati¢ne modalne oblike

- Dinamske modalne oblike

- Predstavitev Guyanove metode

Integracija modelov dusenja v metodo koncnih
clementov

- Viskozno dusenje

- Histerezno dusenje

- Viskoelasti¢no dusenje

Dinamika jermenskih gonil

- Vodilna enacba osno-premikajocega se
kontinuuma

- Dolocitev kriti¢nih hitrosti jermenskih gonil
Dinamika rotacijskih strojev

- Masna neuravnotezenost

- Torzijska in upogibna nihanja vrtecih se
delov

Dinamika proznih rotorjev

- Dolocevanje kriti¢nih obratov ve¢-masnih
rototjev

- Uravnotezenje proznih rototjev

Dinamski model kotalnih lezajev

- Zapis dinamskega modela kotalnega lezaja
preko upostevanja Hertzeve teorije kontakta.
- Integracija analiticnega modela lezaja z
metodo kon¢nih elementov

Dinamika batnih strojev

- Uravnotezenje kolencastih gredi

- Vibroizolacija pri batnih strojih

10.

11.

12.

13.

Introduction to the dynamics of machines and
structures

- Presentation of structural members

- Presentation of discretization methods for
continuous dynamic systems
Elasto-dynamics description of continuous
systems

- Principle of virtual work

- Kinetic and potential energy of continuous
systems

- Definition of dynamics boundary conditions
Rayleigh-Ritz method

- Approximation functions

- Numerical modal analysis, algorithms for
solving eigenvalue problem

Finite element method in linear dynamic
analysis

- Presentation of shape functions

- Derivation of mass matrix

Mode superposition methods

- Definition of modal truncation

- Additional mass method

Reduction methods

- Generalized degrees of freedom

- Static modal shapes

- Dynamic modal shapes

- Guyan method

Integration of damping into the finite element
models

- Viscous damping

- Hysteretic damping

- Viscoelastic damping

Dynamics of belt drives

- Governing equation of axially moving
continuum

- Critical speeds of belt drives

Rotor dynamics

- Mass imbalance

- Torsional and bending vibration of rotating
structures

Dynamic of flexible rotors

- Critical speed of multi-mass flexible rotors
- Balancing of flexible rotors

Dynamics model of rolling-element bearings
- Dynamics model of a roller bearing using
Hertz contact theory

- Integration of the analytical bearing
formulation into the finite element method
Dynamics of piston machinery

- Crankshaft balancing

- Vibration isolation

Kinematics and dynamics of robotic
manipulators



13. Kinematika in dinamika robotskih
manipulatorjev
- Denavit-Hartenbergova formulacija
- Lagrangeova formulacija gibalnih enacb
14. Robotski manipulatotji s proznimi segmenti
- Formulacija gibalnih enacb s proznimi
elementi
- Modalna redukcija
15. Zakljucek predmeta ter predstavitev uporabe
predstavljenih metod na realnih inZenirskih
aplikacijah.

Temeljna literatura in viri/Readings:

- Denavit-Hartenberg formulation
- Lagrangian formulation of the equations of
motion

14. Robotic manipulators with flexible segments
- Formulation of the equations of motion with
flexible elements
- Modal reduction

15. Finalizing the course and application of
presented methods to real-life engineering
structures.

1. Boltezar Miha: Mebhanska nibanja - 1.del (2. popravijena izdaja), Fakulteta za strojnistvo, Ljubljana, 2010
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2. Rao, S.S.: Mechanical vibrations.- 5rd ed.- Reading etc. : Addison-Wesley Publishing Company, cop. 2011,

[COBISS.SI-ID 138737667]

3. N. M. M. Maia, ]. M. M. Silva: Theoretical and Experimental Modal Analysis, Research Studies Press,

1997, [COBISS.SI-ID 117360603]

4. Craig, R., Kurdila, A. Fundamentals of Structural Dynamics (Wiley, 2006), [COBISS.SI-ID 9717787]

Cilji in kompetence:

Cilji:

1. Spoznati osnovne konstrukcijske elemente v
okviru linearno-elasticne dinamske analize

2. Spoznati metode diskretizacije zveznih
sistemov

3. Spoznati mehanizme dusenja ter njihovo
integracijo v strukturne modele

4. Spoznati dinamske lastnosti strojev in njihovih

sestavnih delov
Kompetence:

1. Sposobnost pravilne razclenitve zveznih
dinamskih sistemov (S7-MAG, P3-MAG)

2. Sposobnost fizikalno-matemati¢nega popisa
realnih kompleksnih izdelkov (§2-MAG, P4-
MAG)

3. Sposobnost razvoja poenostavljenih veljavnih
dinamskih modelov (S1-MAG, P1-MAG)

4. Obvladovanje aplikativnih znanj, ki so
temeljna v procesu razvoja novih izdelkov (§7-
MAG, S8-MAG, S10-MAG, P2-MAG)

Predvideni Studijski rezultati:

Znanja:

Z.2: Poglobljeno teoreti¢no in prakti¢no
razumevanje vodilnih enacb strukturne dinamike
linearno-elasticnih sistemov.

Objectives and competences:

Objectives:

1. Characterization of basic structural elements in
the framework of linear dynamics analysis

2. To get acquainted with discretization method
for continuous systems

3. Understand the damping mechanisms and
their integration into structural models

4. Competent presentation of the dynamic
properties of machines and their components

Competencies:

1. Ability to decuple continuous dynamics
systems (S7-MAG, P3-MAG)

2. Ability to develop physical-mathematical
models of real complex systems (S2-MAG, P4-
MAG)

3. Ability to develop simplified valid dynamic
models (S1-MAG, P1-MAG)

4. Ability to use applicative skills that are
fundamental in the process of new product
development (§7-MAG, S8-MAG, S10-MAG,
P2-MAG)

Intended learning outcomes:

Knowledge:

Z.2: Theoretical and practical knowledge of
governing equations in linear-elastic structural
dynamics


https://plus.cobiss.net/cobiss/si/sl/bib/253726720
https://plus.cobiss.net/cobiss/si/sl/bib/138737667
https://plus.cobiss.net/cobiss/si/sl/bib/11736603
https://plus.cobiss.net/cobiss/si/sl/bib/9717787

Z.2: Poglobljeno poznavanje metod diskretizacije v

okviru dinamike zveznih sistemov

Z.2: Sposobnost karakterizacije dinamskih lastnosti

realnih inzenirskih sistemov

7.2: In-depth knowledge of discretization methods

in the field of continuous systems

Z.2: Ability to characterize the dynamics properties

of real engineering systems

Spretnosti: Skills:

1. §2.1 Obvladovanje metod diskretizacije za 1. §2.1 Mastering the discretization methods for
potrebe dinamskih analiz dynamics analyses.

2. §2.2 Samostojno nacrtovanje ter razvoj 2. §2.2 Independent design and development of
kompleksnih modelov za namen virtualne complex models to virtually predict the
napovedi dinamskih lastnosti sistemov dynamic properties of systems.

3. S2.3 Karakterizacija dinamskih lastnosti 3. §2.3 Characterization of dynamics properties

sistemov ter njihova kriticna presoja z vidika

ustreznosti koncepta/zasnove.

Metode poucevanja in ucenja:

1. P1 Avditorna predavanja z reSevanjem 1.
izbranih teoreti¢nih in prakticno uporabnih
primerov. 2.
2. P3 Avditorne vaje v racunalniski ucilnici, kjer
se teoreticno znanje s predavanj podkrepi z
rac¢unskimi primeri. 3.
3. P8 Izdelava in predstavitev aplikativnih 4.
seminarskih nalog z obravnavanega podrocja. 5.

of systems and their evaluation in terms of
design adequacy.

Learning and teaching methods:

4. P10 Izvedba interaktivnega poucevanja preko

uvajanja anket v realnem casu pri osvajanju

novih znanj.
5. P14 Prikaz razvoja virtualnih modelov,
izvajanje virtualnih eksperimentov.

Nacini ocenjevanja:

Samostojno delo na laboratorijskih vajah.
Preizkus iz vaj/seminarsko delo (uspeh vsaj
50%).

Preizkus iz teorije (uspeh vsaj 50%). Ustni
zagovor predloga ocene.

Ocenjevalna lestvica:
5 - 10, pri ¢emer velja, da je pozitivha ocena od

Reference nosilca/Lecturer's references:

Gregor Cepon:

P1 Lectures with solving of selected theoretical
and practical examples.

P3 Practical classes where theoretical
knowledge of the lessons is supported by
computational examples.

P8 Individualized applied seminars.

P10 Use of instant real-time surveys.

P14 Presentation of virtual models and virtual
experiments.

DeleZ/Weight Assessment:

5,00 %
45,00 %

50,00 %

Independent work in the laboratory
tutorials.
Exam/seminar work (at least 50%).

Theoretical exam (at least 50%). Oral
defense of the proposed grade.

Grading system:

6-10

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

6to 10
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