SESTAVLJENA GONILA V MOBILNI TEHNIKI

UCNI NACRT PREDMETA/COURSE SYLLABUS

Predmet: Sestavljena gonila v mobilni tehniki

Course title: COMPLEX POWERTRAINS IN MOBILE MACHINERY
Clanica nosilka/UL UL FS

Member:

Studijski programi in Studijska smer Letnik Semest Izbirn
stopnja ri ost
Strojnistvo - Razvojno Konstruiranje (smer) 2.letnik 1.seme obvezn
raziskovalni program, druga ster i

stopnja, magistrski

Univerzitetna koda predmeta/University 0566884
course code:

Koda ucne enote na clanici/UL Member 6031-M
course code:

Predavanj Seminar Vaje Klini¢ne Druge Samostoj ECT

a /Seminar /Tutorials vaje oblike no delo S
/Lectures /Clinical studija /Individua

tutorials /Other 1 student
forms of work
study

30 30 65 5
Nosilec Jernej Klemenc, Marko Nagode, Simon Oman
predmeta/Lecturer:

Izvajalci predavanj:
Izvajalci seminarjev:
Izvajalci vaj:

Izvajalci klini¢nih vaj:
Izvajalci drugih oblik:

Izvajalci prakticnega
usposabljanja:

Vrsta predmeta/Course Obvezni strokovni predmet na smeri Konstruiranje, ki je




type:

izbirni strokovni predmet na ostalih

smereh./Compulsory specialised course in the study of
Design Engineering, which is an elective specialised
course in other fields of study.

Jeziki/Languages:
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Vsebina:

1. Predavanje: Delitev mobilne
tehnike:

- ZracCna mobilna tehnika;

- Vodna mobilna tehnika;

Kopenska mobilna tehnika;

- Posebnosti posameznih vrst mobilne
tehnike.

2. Predavanje: Uvod v kopensko
mobilno tehniko:

- Tirna kolesna vozila - zahtevani
pogoji za stabilnost voznje tirnih vozil;

- Cestna in izven-cestna vozila;

- Gosenicna vozila.

3. Predavanje: Bilanca vlec¢nih sil za
vozila s kolesi:

Kotalni upor;

Zracni upor;

- Upor strmine;

Upor priklopnika.

Doloc¢itev mejnih voznih karakteristik
z metodo navorov in moci.

4. Predavanje: VeCstopenjska zobniska
gonila za prilagoditev zunanje
karakteristike motorjev z notranjim
zgorevanjem idelani vozni karakteristiki:
- Osnovna geometrija ¢elnih zobnikov z
ravnim in posevnim evolventnim
ozobjem;

Predavanja/Lectures:

Slovenscina

Slovenscina

Prerequisites:

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

Content (Syllabus outline):

1. Lecture: Partition of mobile
machinery:

- Aircrafts;

- Water vessels;

Ground vehicles;

Specialities of different types of
mobile machinery.

2. Lecture: Introduction to ground
vehicles:

- Railway vehicles - necessary
conditions for driving stability of railway
vehicles;

- Road- and off-road vecles;

- Caterpillar vehicle.

3. Lecture: Traction-force balance for
wheeled vecles:

Rolling resistance;

Air-drag resistance;

Inclination resistance;

Trailer resistance.

Determination of the limit driving
characteristics with the method of
torques or power.

4. Lecture: Multi-level gear
transmissions for adapting an output
characteristics of the internal-
combustion engines to the ideal traction
characteristic:



- Debelina zoba na poljubnem krogu.
5. Predavanje: Vecstopenjska zobniska
gonila za prilagoditev zunanje
karakteristike motorjev z notranjim
zgorevanjem idelani vozni karakteristiki:
- Korekcija evolventnih zobniskih
dvojic za doseganje enotne medosne
razdalje;
- Vpliv korekcije evolventnega ozobja
na korensko in bo¢no trdnost zobnikov.
6. Predavanje: Vecstopenjska zobniSka
gonila za prilagoditev zunanje
karakteristike motorjev z notranjim
zgorevanjem idelani vozni karakteristiki:
- Avtomatski menjalnik kot sestav
planetnih gonil;
- Izpeljava osnovne enacbe planetnega
gonila;
- Dolocitev notranjih in zunanjih
prestavnih razmerij planetnega gonila.
7. Predavanje: Vecstopenjska zobniska
gonila za prilagoditev zunanje
karakteristike motorjev z notranjim
zgorevanjem idelani vozni karakteristiki:
- Kotalna in sklopna moc¢ planetnega
gonila;
- Dolocitev toka moci skozi planetno
gonilo z upostevanjem izgub.
8. Predavanje: Vzdolzno gibanje vozila:
- Tok moci med pogonskimi in gnanimi
kolesi;
- Vozila z ve¢ pogonskimi premami;
- Distribucija navora in moc¢i med vec
pogonskimi premami.
9. Predavanje: Vzdolzno gibanje vozila:
- Problem uravnotezenja navorov med
pogonskimi premami;
- Problem uravnotezenja vrtilnih
hitrosti pogonskih prem;
- Diferencialno planetno gonilo s
stozcCastimi zobniki;
- Diferencialno planetno gonilo z
vijaénimi in polzastimi zobniki - Torsen
diferencial.
10. Predavanje: Diferencialno planetno
gonilo s stoZcastimi zobniki:
- Geometrija stozcCastih zobniskih
dvojic;
- Plani stoZcasti zobnik;

Sile na ozobju pri stozcastih zobnikih.
11. Predavanje: Diferencialno planetno

- Basic geometry of spur- and helical
gears with involute tooth flank;

- Tooth thickness at arbitrary
diameter.

5. Lecture: Multi-level gear
transmissions for adapting an output
characteristics of the internal-
combustion engines to the ideal traction
characteristic:

- Correction of involute gears for equal
axial distances;

- Influence of a gear correction to the
root- and contact strength of gears.

6. Lecture: Multi-level gear
transmissions for adapting an output
characteristics of the internal-
combustion engines to the ideal traction
characteristic:

- Automatic transmission as an
assembly of planetary gears;

- Derivation of a basic equation of a
planetary gear;

- Deetermination of the inner (stable)
and outer gear ratios for the planetary
gear.

7. Lecture: Multi-level gear
transmissions for adapting an output
characteristics of the internal-
combustion engines to the ideal traction
characteristic:

- Rolling and switching power of a
planetary gear;

- Power-flow through a planetary gear
by considering the power losses.

8. Lecture: Longitudinal vehicle
movement:

- Power-flow between the traction and
no-traction wheels;

- Vehicles with multiple traction axles;
- Torque and power distribution among
multiple traction axles.

9. Lecture: Longitudinal vehicle
movement:

- Problem of torque balancing among
the traction axles;

- Problem of angular-velocity
balancing among the traction axles;

- Differential planetary gear with bevel
gears;

- Differential planetary gear with worm
gears - Torsen differential gear.



gonilo z vija¢nimi in polzastimi zobniki:
- Geometrija vija¢nih in polzastih
zobniskih dvojic;

- Izkoristek vija¢nih in polzastih
zobniskih dvojic;

- Sile na ozobju pri vija¢nih in
polzastih zobnikih.

12. Predavanje: Posebne izvedbe
diferencialnih planetnih gonil v mobilni
tehniki:

- Samozaporni diferencial;

- Avtomatski samozaporni diferencial;
- Kombinirano planetno gonilo za
vektoriranje navora.

13. Predavanje: Pnevmatika kot
povezava vozila z vozno povrsino:

- Pnevmatika kot torno gonilo;

- Bocna elasti¢nost pnevmatike.

14. Predavanje: Pnevmatika kot
povezava vozila z vozno povrsino:

- Kinematika voZnje v ovinek;

- Bocna stabilnost vozila pri voznji v
ovinek.

15. Predavanje: Pnevmatika kot
povezava vozila z vozno povrsino:

- Mikro zdrs pnevmatike pri
pospesevanju;

- Mikro zdrs pnevmatike pri zaviranju;
- Mikro zdrs pnevmatike pri voznji v
ovinek.

Temeljna literatura in viri/Readings:

—_

10. Lecture: Differential planetary
gear with bevel gears:

- Geometry of bevel gears;

- Plane bevel gear;

- Forces acting on a pair of bevel
gears.

11. Lecture: Differential planetary
gear with worm gears:

- Geometry of worm geras;

- Power efficiency of worm gears;

- Forces acting in a contact of a worm
gear and its helical gear wheel.

12. Lecture: Special geometries of
differential planetary gears in mobile
machinery:

- Self-locking differential gear;

- Automatic self-locking differential
gear;

- Combined planetary gear assembly
for torque vectoring.

13. Lecture: Pneumatic tyre as a link
between a ground vehicle and a driving
surface:

- Pneumatic tyre as a friction wheel;

- Cornering sifness of the pneumatic
tyre.

14. Lecture: Pneumatic tyre as a link
between a ground vehicle and a driving
surface:

- Kinematics of driving through a bend;
- Lateral stability of the vehicle when
driving through the bend.

15. Lecture: Pneumatic tyre as a link
between a ground vehicle and a driving
surface:

- Micro-spli of the pneumatic tyre
during acceleration;

- Micro-spli of the pneumatic tyre
during decceleration;

- Micro-spli of the pneumatic tyre
when driving through the bend.

Dinamika vozil - Klemenc, Jernej [COBISS.SI-ID 300796928]

2. Zobniska gonila - Flasker, Joze ; GlodeZ, Srecko ; Ren, Zoran [COBISS.SI-ID

250895616]

3. Theory of ground vehicles - Wong, Jo Yung [COBISS.SI-ID 1319016]


https://plus.cobiss.net/cobiss/si/sl/bib/1319016
https://plus.cobiss.net/cobiss/si/sl/bib/250895616
https://plus.cobiss.net/cobiss/si/sl/bib/300796928

Cilji in kompetence:

Cilji:

1.

Spoznati osnovne principe
uravnotezenja navorov in moci v
mobilni tehniki.

Spoznati napredno teorijo razlicnih
vrst zobniskih gonil in tornih gonil s
pnevmatiko.

Spoznati klju¢ne elemente
pogonskih sistemov cestnih in
izven-cestnih vozil.

Spoznati kinematicne osnove
gibanja kopenskih vozil.

Spoznati principe doloc¢evanja
mejnih voznih karakteristik
kolesnih vozil.

Kompetence:

1.

S1-MAG: Sposobnost za
opredelitev, razumevanje temeljnih
znanstvenih problemov in
ustvarjalno resSevanje strokovnih
izzivov na podroc¢ju mobilne
tehnike.

. S5-MAG: Sposobnost predmetno-

specificnega strokovnega
sporazumevanja in pisnega
izraZzanja tudi v mednarodnem
prostoru.

P1-MAG: Sposobnost za
nadgrajevanje in uporabo temeljnih
strojniskih znanj ter njihovo
razvojno—tehnisko implementacijo
na podroc¢ju mobilne tehnike.
P4-MAG: Sposobnost fizikalnega,
matematicnega in numeri¢nega
modeliranja voznje cestnih in izven-
cestnih vozil ter sposobnost
kriticne analize rezultatov.
P5-MAG: Sposobnost samostojnega
pridobivanja novih znanj in vescin.

Predvideni Studijski rezultati:

Znanja:

Objectives and competences:

Objectives:

1.

To learn basic principles of torque
and power balancing in mobile
machinery.

. To learn advanced theory of

different gear transmissions and
friction drives with a pneumatic
tyre.

To get a knowledge of key
powertrain elements of raod- and
off-road vehicles.

To learn basics of ground-vehicle
driving kinematics.

. To learn principles for assessing

the limit driving conditions of
ground vehicles.

Competences:

1.

S1-MAG: The ability to define and
understand fundamental scientific
problems and to creatively deal
with professional challenges in the
field of mobile machinery.

. S5-MAG: The ability of subject-

specific professional
communication and express oneself
in writing, also internationally.

. P1-MAG: The ability to upgrade and

use the fundamental mechanical
engineering knowledge, including
its developmental-technical
implementation in the field of
mobile machinery.

P4-MAG: The ability for physical,
mathematical and numerical
modelling of ground vehicles
driving kinematics, including a
developed ability to critically
analyse the results.

. P5-MAG: The ability to

autonomously acquire new
knowledge and skills.

Intended learning outcomes:

Knowledge:



Z2: Poglobljeno teoreti¢no,
metodolosko in analiticno znanje z
elementi raziskovanja, ki je osnova za
zelo zahtevno strokovno delo:

* Razumevanje zveze med potrebami
in viri moc¢i v mobilni tehniki.

* Razumevanje delovanja naprednih
pogonov v mobilni tehniki.

* Razumevanje teoreti¢nih in
prakti¢nih osnov za koncipiranje in
oblikovanje razlicnih elementov in
sestavov kopenskih vozil.

Spretnosti:

S2.1 Obvladovanje zelo zahtevnih,
kompleksnih delovnih procesov in
metodoloskih orodij na specializiranih
podrocjih:

* Sposobnost analiti¢nega in
eksperimentalnega ocenjevanja
energetske ucinkovitosti vozil.

S2.3 Sposobnost izvirnih

dognanj/stvaritev in kriti¢ne refleksije:

* Sposobnost izvajanja raziskav na
podroc¢jih pogonov in nosilnih
struktur v mobilni tehniki.

Metode poucevanja in ucenja:

1. P1: Avditorna predavanja z
resevanjem izbranih - za podrocje
znacilnih - teoretic¢nih in prakti¢no
uporabnih primerov.

P7: Studij literature in razprava.

3. P3: Avditorne vaje, kjer se
teoreticno znanje s predavanj
podkrepi z racunskimi primeri.

4. P4: Laboratorijske vaje z
namenskimi didakti¢nimi
pripomocki (uporaba hibridnega
vozila, razvitega na FS).

5. P14: Virtualni eksperimenti.

N

Z2: Thorough theoretical,
methodological and analyitical
knowledge with elements of a research
work that form a basis for very
demanding professional work:

* Understanding a relationship
between the power needs and
sources in mobile machinery.

e Functional understanding of
advanced powertrains in mobile
machinery.

* Understanding of theoretical and
practical basics for
conceptualisation and design od
different elements and assemblies
of ground vehicles.

Skills:

S2.1 Mastering very demending and
complex work processes and
methodological tools in specialised
professional fileds:

» Ability of analyitical and
experimental assessment of the
vehicle’s power efficiency.

S2.3 Ability of unique innovations and

critical reflections:

» Ability of research in the filed of
the powertrains and load-carrying
structures in mobile machinery.

Learning and teaching methods:

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

. P7: Literature study and discussion.

3. P3: Auditorial exrecises, in which
theoretical content from the
lectures is supplemented with
practical examples.

4. P4: Laboratory exercises with
special-purpose didactic devices
(application of an own-developed
hybrid vehicle).

5. P14: Virtual experiments.

N



Nacini ocenjevanja:

Teoreti¢na znanja (pisni kolokviji
in izpit z opcijskim ustnim
zagovorom)

Avditorne vaje (seminarska
porocila s predstavitvami)

Laboratorijske vaje (porocila)

Pisni preskus prakticnega znanja,
osvojenega na vajah

Ocenjevalna lestvica:

Delez/
Weight

50,00 %

15,00 %

15,00 %
20,00 %

Assessment:

Theoretical knowledge (written
colloquia and exam with an
optional oral examination)

Auditorial exercises (seminar
reports with presentations)

Laboratory exercises (reports)

Written examination of practical
knowledge that was acquired in
exercises.

Grading system:
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