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Vsebina:

1. Uvod

[0 Zgodovinski pregled razvoja krmilne
tehnike

[0 Osnovni pojmi povezani s krmiljenjem
(povratna zveza, referenca, motnja,
upravljanje, krmiljenje)

[0 Krmiljenje poloZaja in hitrosti

2. Predstavitev mehatronskih sistemov s
pomocjo blokovnih diagramov

[ Krmiljenje gladine

0 Krmiljenje temperature

[0 Vlak na magnetno levitacijo

3. Dif. enacba in prenosna karakteristika
0 Dif. enacba in linearizacija
0 Definicija prenosne karakteristike

4. Delitev sistemov glede na prenosne
karakteristike

[J Proporcionalni, diferencirni in
integrirni sistem nic¢tega, prvega in
drugega reda

[ Primeri in opis analogij (mehatronski)

5. Poenostavitev krmilnih sistemov
predstavljenih s pomocjo blokovnih
diagramov

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

Content (Syllabus outline):

1. Introduction

[] Historical overview of the control
engineering development

[] The basic terms related to control
(feedback, reference, disturbance, open
loop, closed loop control)

[ Control of position and velocity

2. Block diagram representation of
mechatronic systems

[] Water level control

(0 Temperature control

[0 Magnetic levitation train control

3. Dif. equation and transfer
characteristics

0 Dif. equation and linearization

[] Definition of transfer characteristics

4. System division based on the transfer
characteristics

] Proportional, diferential in integral
system of zeroth, first and second order
[ Applications and analogies
(mechatronic)

5. Raduction of control systems
represented by block diagrams



00 Osnove blokovne algebre
[0 Primer kompleksnejsega krmilnega
sistema (mehatronski primer; dve zanki)

6. Stabilnost sistemov

0 Definicija stabilnosti

[J Povezava med stabilnostjo in modeli
sistemov

[ Kako jo v praksi zagotovimo

7. PID krmilnik

0 Prenosna funkcija PID krmilnika
[ Lastnosti posameznih komponent
[] P, PI, PD in PID krmilnik

8. Odstopki v stacionarnem stanju

[0 Odstopki glede na referenco

[ Odstopki glede na motnjo

[ Vpliv P in I komponente PID krmilnika
[0 Demonstracija na preprostem primeru
krmiljenja gladine

9. Maksimalen prenihaj sistema in cas
trajanja prehodnega pojava

0 Vpliv P in I komponente PID krmilnika
[ Vpliv D komponente PID krmilnika

10. Nastavljanje parametrov PID
krmilnika

0 Nastavljanje parametrov po Ziegler-
Nicholsu

[ Nastavljanje parametrov po Samalu

11. Realizacija PID krmilnika

[] Realni PID krmilnik na Arduinu

[J Obravnava problemov v praksi
(integralsko nasicenje I komponente,
Sum in D komponenta)

12. Uporaba Matlab/Simulinka

0 Control System Toolbox

] Blokovni diagrami v Simulinku

[ Sinteza sistema s pomocjo Matlaba

13. Preprost mehanski sistem kot
krmiljeni sistem (obravnava v
Matlab/Simulinku)

[] Prenosna karakteristika

0 The basics of block diagram algebra
00 Example of a complex control system
(mechatronic; two loops)

6. System stability

0 Definition of stability

0 The relation between system model
and stability

[0 How to provide it in practice

7. PID controller

[] Transfer function of PID controller
(] Properties of the components

] P, PI, PD and PID controller

8. Steady state errors

(] Errors in relation to the reference

(] Errors in relation to the disturbance

(] Influence of P and I component of PID
controller

[] Demonstration on a simple water level
control system

9. Maximal overshoot and transient time
0 Influence of P and I component of PID
controller

0 Influence of D component of PID
controller

10. PID tuning
[ Ziegler-Nichols tuning method
[J Samalu tuning method

11. PID controller realization

[] Real PID controller withArduino

[ Real environment challenges (integral
wind-up, noise and D component)

12. Matlab/Simulink application
0 Control System Toolbox

0 Block diagrams in Simulink

(] Matlab based system synthesis

13. Simple mechanical system as a
control system (Matlab/Simulink based
analysis)

[] Transfer characteristics

0 Response using P, PI, PD and PID



[0 Doloc¢itev odzivov pri uporabi P, PI, PD
in PID krmilnik

14. Servomotor kot primer krmilnega
sistema

[] Servomotor, koordinatne osi oziroma
linearna vodila

[0 Krmiljenje poloZaja in hitrosti

15. Sinteza odprtozanc¢no nestab.
sistema
[0 Mag. Levitacija (vlak Maglev)

Temeljna literatura in viri/Readings:

controller

14. Servomotor as an example of a
control system

[] Servomotor, axes of motion - linear
guides

[ Position and velocity control

15. Open loop unstable system synthesis
[0 Mag. Levitation (Maglev train)

1. Norman S. Nise: Control Systems Engineering (7th Ed.), Wiley, 2015

2. Christopher T. Kilian: Modern Control Technology: Components and Systems
(2nd Ed.), Delmar Thomson Learning, 2001

3. Primoz Podrzaj: Linearna teorija krmiljenja sistemov, Univerza v Ljubljani, 2017

Cilji in kompetence:

Cilji:

1. Spoznati temeljne principe analize in
sinteze krmilnih sistemov.

2. Spoznati najosnovnejSe naprave, s
katerimi je mo¢ krmiliti mehatronske
sisteme.

3. Spoznati programsko opremo

namenjeno krmiljenju mehatronskih
sistemov.

Kompetence:

1. S2-PAP: Sposobnost samostojnega
dela v okviru znanj pridobljenih pri
predmetu

2. S12-PAP, P7-PAP: Sposobnost
uporabe namenske programske
opreme za krmiljenje specificnih
mehatronskih sistemov

3. P3-PAP: Obvlada temeljna strokovna
znanja s podrocja krmiljenja

4. P4-PAP: Pozna osnovne naprave, S
katerimi je moc¢ krmiliti mehatronske
sisteme

5. P9-PAP: Diplomant je sposoben
samostojno opravljati razvojno
aplikativna, inzenirska in strokovna
dela ter resevati posamezne dobro
definirane naloge na podrocju

Objectives and competences:
Objectives:

1. Knowledge of basic control system
analysis and synthesis.

2. Knowledge of the most basic devices
used to control mechatronic systems.

3. Knowledge of the software used for
mechatronic system control
purposes.

Competences:

1. S2-PAP: The ability to work
autonomously in the framework of
the obtained knowledge.

2. S12-PAP, P7-PAP: The ability to use
software used to control specific
mechatronic systems.

3. P3-PAP: Mastering the fundamental
specialised knowledge in the field of
control engineering.

4. P4-PAP: Knowing the basic devices
used to control mechatronic systems.

5. P9-PAP: The graduates are able to
independently perform applied
developmental, engineering and
professional work, and solve well-
defined individual tasks in the field of
mechatronic system control.



krmiljenja sistemov

Predvideni Studijski rezultati:
Znanja:

Z1: Poznavanje analize in sinteze
krmiljenja mehatronskih sistemov, ter
uporaba krmilnih naprav in s tem
povezane programske opreme.

Spretnosti:

S1.2: Obvladovanje krmiljenja zahtevnih,
kompleksnih mehatronskih sistemov ob
samostojni uporabi znanja.

S1.3: Diagnosticiranje in resevanje
problemov, ki se pojavljajo v zvezi s
krmiljenjem mehatronskih sistemov.

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.

P4 Laboratorijske vaje z namenskimi
didakti¢nimi pripomocki kot so
mikrokrmilniki (Arduino) ali racunalnik
Raspberry Pi.

P8 Izdelava in predstavitev aplikativnih
seminarskih nalog

Intended learning outcomes:
Knowledge:

Z1: Knowledge of analysis and synthesis
of mechatronic system control, and
application of control devices together
with the related software.

Skills:

S1.2: Mastering demanding and complex
mechatronic system related tasks by
independent usage of knowledge in new
working situations

S1.3: Mechatronic system control
related diagnostics and problem solving.

Learning and teaching methods:

P1 Auditorial lectures with solving
selected field-specific theoretical and
applied use cases.

P2 Presenting the content according to
the explained system.

P4 Laboratory exercises with special-
purpose didactic devices
(microcontrollers (Arduino) or
Raspberry Pi computer.

P8 Making and presenting applied
seminar exercises.

Nacini ocenjevanja: Delez/ Assessment:
Weight

Pisni izpit 50,00 % Written examination

Ustno izprasevanje 30,00 % Oral examination

Projekt 20,00 % Project
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