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Vsebina:

Predavanje: Opredelitev podrocja
H+P in osnove
- Osnovne definicije in kratek
zgodovinski pregled
- Principielna zgradba H+P sistema
- Prednosti in slabosti H+P krmilij in
naprav ter uporabnost v praksi
- Opredelitev osnovih parametrov H+P
in fizikalne osnove ter osnovni zakoni
2. Predavanje: Pnevmati¢na krmilja
- Struktura pnevmatic¢nih krmilnih
sistemov in krmilna shema
- Simboli v pnevmatiki
- Funkcija in tipi ventilov, nacini
vklapljanja, oznacevanje ventilov,
krmilnih signalov in prikljuckov
- Pnevmatic¢ni linearni in rotacijski
motorji, tipi in preracuni
- Piezoventili
3. Predavanje: Krmilja strojev in
naprav
- Zaporedje gibov - besedni,
poenostavljen, tabelari¢ni zapis, pogoji
za posamezne gibe
- Blokovni diagram, diagram pot-korak
in gib korak
- Diagram stanja krmilnih komponent
- Osnovne krmilne sheme
4. Predavanje: Osnovna pnevmaticna
krmilna vezja
- Krmilja s sestevanjem in
prekinjanjem signalov
- Posredno in neposredno krmiljenje
- Dvorocni in dvoroc¢ni varnostni vklop

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

Content (Syllabus outline):

Lecture: Defining the field of H+P and
basics

- Basic definitions and a brief historical
overview

- Principal structure of the H+P
system

- Advantages and disadvantages of
H+P controls and devices and practical
applicability

- Definition of basic parameters of
H+P, physical basics and fundamental
laws

2. Lecture: Pneumatic controls

- Structure of pneumatic control
systems and control schematics

- Pneumatic symbols

- Function and types of valves, modes
of switching, marking of valves, control
signals and connections

- Pneumatic linear and rotary motors,
types and calculations

- Piezo valves

3. Lecture: Control of machines and
devices

- Sequence of movements - verbal,
simplified, tabular notation, conditions
for individual movements)

- Block diagram, path-step diagram
and stroke- step diagram

- Chart of state of control components
- Basic control schematics

4. Lecture: Basic pneumatic control
circuits

- Controls by adding and interrupting



- Polavtomatska in avtomatska krmilja
5. Predavanje: Krmiljenje gibanja vec
valjev

- Krmilni signali in nosilniki informacij
- Zaporedna pnevmaticna vezja in
metode krmiljenja

- Vezja s ponavljajoCimi gibi

6. Predavanje: Elektropnevmatika

- Pomen, elektri¢na stikala, reed
kontakti, releji in simboli

- Metodologija nacrtovanja
elektropnevmati¢nega krmilja za
monostabilne in bistabilne ventile

- Podrobni diagrami pot-korak,
funkcijski nacrti in osnovne elektricne
krmilne sheme

7. Predavanje: PLK krmilja in
energetska ucinkovitost pnevmati¢nih
krmilj

- Koncept krmiljenja s programirljivimi
logo¢nimi krmilniki (PLK)

- Osnovni primeri

- Poraba in izgube energije stisnjenega
zraka in stroski

- Ukrepi za povecanje energijske
ucinkovitosti pnevmatic¢nih sistemov in
krmilij

8. Predavanje: Priprava zraka in uvod
v hidravliko

- Znacilnosti, priprava in pridobivanje
stisnjenega zraka

- Tipi, pogon in potrebna moc ter
krmiljenje kompresorjev

- Dimenzioniranje tlacne posode

- Metode in postopki susenja zraka in
filtriranje zraka

- Razdelilna mreza za zrak, izracun
porabe stisnjenega zraka in premera
cevi

- Teoreti¢cne osnove, hidravlicne
kapljevine in njihove lastnosti,

- vrste in razlogi za obrabo znotraj
hidr. sestavin, notranje puscanje,
nepravilnost oblike kroznice in valja
hidravli¢cnih drsno-tesnilnih elementov,
hrapavost,

- aksialne in radialne sile znotraj
hidravli¢nih sestavin.

9. Predavanje: Cisto¢a hidravli¢nih
kapljevin in filtracija:

- povezava z vzdrzevanjem,

signals

- Direct and indirect control

- Two-hand and two-hand safety switch
on

- Semi-automatic and automatic
controls

5. Lecture: Control of multiple cylinders
- Control signals and information
carriers

- Serial pneumatic circuits and control
methods

- Circuits with repetitive motions

6. Lecture: Electro-pneumatics

- Meaning, electrical switches, reed
switches, relays and symbols

- Electro-pneumatic control design
methodology for mono-stable and bi-
stable valves

- Detailed path-step diagrams, function
plans and basic electrical control
schematics

7. Lecture: PLC control and energy
efficiency of pneumatic control

- Concept of control with
programmable logic controllers (PLCs)

- Basic examples

- Costs of energy consumption and loss
of compressed air

- Measures to increase the energy
efficiency of pneumatic systems and
control

8. Lecture: Air preparation and
introduction to hydraulics

- Characteristics, preparation and
production of compressed air

- Types, drives and required power and
control of compressors

- Determining the dimensions of the
pressure vessel

- Air drying methods and processes
and air filtration

- Air distribution network, calculation
of compressed air consumption and pipe
diameter

- Theoretical bases, hydraulic fluids
and their properties,

- Types and reasons for wear within
the hydr. components, internal leakage,
irregularity of the shape of the circle
and cylinder of the hydraulic slide
elements, roughness,



- kriteriji stabilnosti hidravli¢nih
sistemov,

- vrste in viri necistoc,

- razlogi za okvare hidralvicnih
sistemov,

- standardi,

- nacini merjenja.

10. Predavanje: Crpalke s konstantno in
spremenljivo iztisnino:

- razlike med hidrostati¢nimi in
hidrodinami¢nimi ¢rpalkami,

- vrste in karakteristike hidrostati¢nih
crpalk,

- krmiljene ¢rpalke in osnovne izvedbe
krmilja,

- simboli.

11. Predavanje: Hidravli¢ni valji:

- konstrukcijske znacilnosti
hidravli¢nih valjev,

- simboli,

- trajnostni testi HV,

- vrste tesnil,

- stati¢no in dinamicno tesnjenje,

-  materiali, ...

12. Predavanje: Potni in protipovratni
ventili:

- delitev po funkciji in konstrukcijskih
resitvah,

- nacini vkrmiljenja,

- vrste prekritij,

- simboli,

- nacin vgradnje,

- vertikalno verizenje,

- dvostopenjski,

- duSenje prekrmiljenja,

- hidrologi¢ni ventili.

13. Predavanje: Tlacni in tokovni ventili:
- tlacni omejilini in tlac¢ni reducirni
ventili,

- eno- in dvostopenjski,

- dusSenje prekrmiljenja,

- razliécne konstrukcijske resitve,

- nacni regulacije pretoka,

- zaslonke in dusilke,

- povratno-dusilni ventili,

- ventili s taléno kompenzacijo,

- delilniki toka,

- simboli.

14. Predavanje: Pomozne hidravlicne
sestavine:

- hidravli¢ni rezervoarji in njihova

- Axial and radial forces within the
hydraulic components.

9. Lecture: Hydraulic fluid cleanliness
and filtration:

- Connection to maintenance,

- Stability criteria for hydraulic
systems,

- Types and sources of
impurities/particles,

- The reasons for the failure of the
hydraulic systems,

Standards,

- Methods of measurement.

10. Lecture: Pumps with constant and
variable displacement:

- Differences between hydrostatic and
hydrodynamic pumps,

- Types and characteristics of
hydrostatic pumps,

- Variable displacement pumps and
basic controls,

- Symbols.

11. Lecture: Hydraulic cylinders:

- Design characteristics of hydraulic
cylinders,

- Symbols,

- Hydraulic cylinder sustainability
tests,

- Types of seals,

- Static and dynamic sealing,

- Materials,...

12. Lecture: Directional control and
check valves:

- Division by function and design,

- Control methods,

- Types of spool overlaps,

- Symbols,

- Mounting types,

- Vertical chain,

- Two-stage valves,

- Hydraulic damping of two-stage
valves,

- Hydrological valves.

13. Lecture: Pressure and flow valves:
- Pressure relief and pressure reducing
valves,

- One- and two-stage valves,

- Hydraulic damping of two-stage
valves,

- Different construction solutions,

- Flow control methods,



oprema,

- cevovodi: gibke, nacin pritrditve,
cevni prikljucki, spoji, sheme cevnega
razvoda,

- filtri in filtracija.

15. Predavanje: Zvezno-delujoci ventili:
- prednosti uporabe zveznih ventilov,
- krmiljenje / regulacija,

- vrste prekritij,

- prehodna funkcija,

- bodejev diagram ventila,

- izracun pretoka,

- diether nihanje,

- digitalna hidravlika,

- simboli,

- vrste proporcionalnih ventilov,

- tlacCna tehtnica,

- nastavitev PID parametrov, vrste
servo-ventilov.

Temeljna literatura in viri/Readings:

- Throttles and nozzles,

- Flow control with check valves,

- Valves with pressure compensation,
- Flow dividers,

- Symbols.

14. Lecture: Hydraulic auxiliary
components:

- Hydraulic tanks and their equipment,
- Pipelines: hoses, mounting method,
pipe fittings, piping diagrams,

- Filters and filtration.

15. Lecture: Continuously operated
valves:

- Advantages of using continuous
valves,

- Control / regulation,

- Types of overlap,

- Transition function,

- Valve frequency response,

- Flow calculation,

- Diether oscillations,

- Digital hydraulics,

- Symbols,

- Types of proportional valves,

- Pressure balance valve,

- Setting of PID parameters,

- Types of servo valves.
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Cilji in kompetence:

Cilji:

1. Usvojiti osnovna znanja na podrocju
konvencionalne ter proporcionalne
hidravlike in pnevmatike.

2. Usvojiti teoreticne osnove za
preracun hidravli¢nih in
pnevmatic¢nih krmilij in sistemov v
prakti¢ni uporabi.

3. Usvojiti osnovna znanja za snovanje
elektrohidravli¢nih in
elektropnevmatic¢nih krmilij vklju¢no
s programirnimi krmilji ter
hidravli¢nimi in pnevmati¢nimi mikro
pogoni

4. Usvojiti znanja za integracijo
elektronskih komponent v H&P
sisteme.

Kompetence:

1. Razumevanje osnov hidravli¢nih in
pnevmati¢nih gradnikov, krmilij in
sistemov konvencionalne, kakor tudi
proporcionalne hidravlike in
pnevmatike.

2. Sposobnost prerac¢unov realnih
hidravli¢nih in pnevmati¢nih krmilij
ter sistemov.

3. Sposobnost zasnovati osnovna in tudi
bolj kompleksna (elektro)hidravli¢cna
in (elektro)pnevmati¢na krmilja,
vkljucno s programirnimi krmilji ter
hidravlicnimi in pnevmati¢nimi mikro
pogoni.

4. Sposobnost nadgraditi klasi¢ne
hidravli¢ne in pnevmaticne
komponente in sisteme z
elektronskimi komponentami v
kompleksnejSe mehatronske sisteme.

Predvideni Studijski rezultati:
Znanja
Student pozna in razume:

* osnove konvencionalne hidravlike in
pnevmatike,

* osnove proporcionalne hidravlike in
pnevmatike,

* osnove snovanja hidravli¢nih in

Objectives and competences:
Objectives:

1. To acquire basic knowledge in the
field of conventional and proportional
hydraulics and pneumatics.

2. To gain the theoretical basis for the
calculation of hydraulic and
pneumatic controls and systems in
practical use.

3. Acquire basic knowledge of the
design of electro-hydraulic and
electro-pneumatic controls including
programming controls and hydraulic
and pneumatic micro actuators

4. Acquire knowledge of integrating
electronic components into H&P
systems.

Competencies:

1. Understanding the basics of
hydraulic and pneumatic
components, controls and systems of
conventional as well as proportional
hydraulics and pneumatics.

2. Ability to calculate real hydraulic and
pneumatic controls and systems.

3. Ability to design basic as well as
more complex (electro) hydraulic and
(electro) pneumatic controls,
including programming controls, and
hydraulic and pneumatic micro
actuators.

4. Ability to upgrade classic hydraulic
and pneumatic components and
systems with electronic components
to more complex mechatronic
systems.

Intended learning outcomes:
Knowledge:
A student knows and understands:

* the basics of conventional hydraulics
and pneumatics,

* the basics of proportional hydraulics
and pneumatics,

* the basics of design of hydraulic and



Spretnosti:
1.

Metode poucevanja in ucenja:

pnevmati¢nih krmiljj in sistemov.

Nacrtovanje osnovnih 1.
(elektro)hidravli¢nih in
(elektro)pnevmati¢nih mehatronskih
sistemov in krmilij na mikro in makro
nivoju 2.

. Resevanju konstruktorskih,

tehnoloskih, in krmilnih izzivov ter
vzdrzevalnih problemov z uporabo
hidravlicnih in pnevmati¢nih resitev. 3.

. Snovanje osnovnih simulacijskih

modelov hidravli¢nih in pnevmati¢nih 4.
krmilij

. Upraba racunalnisko podprtih orodij

za nacrtovanje in analizo hidravli¢cnih
in pnevmaticnih krmilij in sistemov

1. P1, P2 Avditorna predavanja podprta 1.
z interaktivnim prikazom prakti¢nih
primerov

2. P3 Avditorne vaje z reSevanjem 2.
prakti¢nih primerov

3. P4 Laboratorijske vaje s timskim 3.
resevanjem aplikativnih problemov in
uporabo programske opreme ter
njihova predstavitev z razpravo.

4. P5 Uporaba studijskega gradiva v e- 4.
obliki, skripta in e-verzija predavanj.

5. P6 Interaktivna predavanja

5.

Nacini ocenjevanja: Delez/

Weight
- Teoreti¢ne vsebine (predavanja): 50,00 %

Kolokviji, pisni in/ali ustni izpit

- Samostojno delo na avditornih in 50,00 %
laboratorijskih vajah (vklju¢no s
porocili):

Reference nosilca/Lecturer's references:

Niko Herakovic:

1. HERAKOVIC, Niko, BEVK, TomaZ. Analysis of the material and the actuator
influence on the characteristics of a pneumatic valve = Analiza vpliva materiala

pneumatic controls and systems.

Skills:

Design of basic (electro) hydraulic
and (electro) pneumatic mechatronic
systems and controls at the micro
and macro levels

Solve design, technological and
control challenges and maintenance
problems using hydraulic and
pneumatic solutions.

Design of basic simulation models of
hydraulic and pneumatic controls
Use of computer-aided design and
analysis tools for hydraulic and
pneumatic controls and systems

Learning and teaching methods:

P1, P2 Lectures supported by
interactive presentation of practical
examples

P3 Tutorials solving practical
examples

P4 Laboratory exercises with team
solving of application problems, using
software and presenting them with
discussion.

P5 Use of study material in e-form,
lecture notes and e-version of
lectures.

P6 Interactive lectures

Assessment:

Theoretical contents (lectures):
Clloquium, writing and/or oral
exam

- Individual work in exercises,
individual laboratory work
(including reports):
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