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Pogoji za vkljucitev v delo oz. za Prerequisites:

opravljanje studijskih obveznosti:

1. Predznanje srednjesolske in
osnovnosolske matematike

2. Ravninska opisna geometrija

3. Osnovno poznavanje postopkov

obdelave materialov

Poznavanje dela z rac¢unalnikom

5. Osnove izdelovalnih tehnologij

>

Vsebina:

1. Predavanje: Osnove rocne in
racunalniske izdelave tehnic¢ne
dokumentacije

* Temeljna nacela ISO

* Nacini prikazovanja, modeli, vrste
risb

e Standardi ISO za TD in GPS

2. Predavanje: Prikazovanje predmetov
na tehnic¢nih risbah

* Vrste projekcij na TR po ISO
standardih

» Tehnic¢no skiciranje in racunalnisko
risanje

* Vecpogledne projekcije po ISO in
ASME in aksonometric¢ne projekcije

3. Predavanje: Prikazovanje predmetov
na delavniskih in sestavnih/glavnih
risbah in kotiranje

* Pogledi, prerezi ter posebnosti

* Elementi in oprema delavniskih risb

* Elementi in oprema sestavnih/glavnih
risb

* Kotiranje - 1

1. Prior knowledge of secondary and
primary mathematics.

2. Plane (2D) descriptive geometry.

3. Basic knowledge of material
treatment processes.

4. Basic computer skills.

5. Basic knowledge about manufacturing
technologies.

Content (Syllabus outline):

1. Lecture: Basics of manual and
computer-aided design of technical
documentation

* Basic principles of ISO.

* Methods of presentation, models,
types of drawings.

* ISO standards for TD and GPS.

2. Lecture: Presenting objects in
technical drawings

* Types of projections in technical
drawings according to ISO standards.

* Technical sketching and computer-
aided drawing.

* Multiview projections in accordance
with ISO and ASME and axonometric
projections.

3. Lecture: Presenting objects in
workshop and assembly/main drawings
and dimensioning

* Projections, sections and specifities.

* Elements and symbolic description of
workshop drawings.

* Elements and symbolic description of



4. Predavanje: Kotiranje in osnove
toleriranja in ujemov

* Kotiranje - 2

* Posebni pogledi

* Posnetja in stanja robov

e Tolerance dolzinskih mer in kotov
(splosne in posebne)

5. Predavanje: Risanje standardiziranih
oblik in elementov

* Navoji in vijacne zveze
* Osi in gredi

* Gredne zveze

* Lezaji in tesnila

6. Predavanje: ISO tolerance in ujemi
ter Geometrijske tolerance (GT)

e ISO tolerance in ujemi

* Nacela in elementi geometrijskega
toleriranja

* Vrste geometrijskih toleranc (GT)

* Podajanje geometrijskih toleranc na
risbah

7. Predavanje: Oznacevanje kakovosti
povrsin ter risanje varjencev

* Oznacevanje kakovosti povrsin

» Usklajevanje hrapavosti povrsin s
tolerancami

* Obdelovalni postopki in stopnje
hrapavosti

* Znacilnosti risb varjencev, prikaz
varjencev, risanje in oznacevanje
zZvarov

8. Predavanje: Risanje ulitkov in
odkovkov ter osnove pravil tehni¢ne
dokumentacije na 3D geometrijskih
modelih (MBD nacela)

e Znacilnosti delavniskih risb ulitkov in
odkovkov

e Simbolika zahtev TR na 3D in 2D
geometrijskih modelih ter risbah

e Posebnosti

¢ Prednosti in slabosti

9. Predavanje: Opredelitev 3D
modeliranja in skiciranje v modelirnikih

* Osnove racunalniske grafike,
* Opredelitev 3D prostora v CAD,
¢ Koordinatni sistemi,

assembly/main drawings.
* Dimensioning - 1

4. Lecture: Dimensioning and basics of
tolerancing and fits

* Dimensioning - 2

* Special projections.

* Chamfers and states of edges.

* Tolerances for linear and angular
dimensions (general and special).

5. Lecture: Drawing standardised forms
and elements

* Threads and bolt connections.
* Axes and shafts.

* Shaft connections.

* Bearings and seals.

6. Lecture: ISO tolerances and fits and
geometrical tolerances (GT)

* ISO tolerances and fits.

* Principles and elements of
geometrical tolerancing.

* Types of geometrical tolerances (GT).

* Adding geometrical tolerances to
drawings.

7. Lecture: Marking surface quality and
drawing welded workpieces

* Marking surface quality.

* Coordination of surface roughness
and tolerances.

* Machining processes and levels of
roughness.

* Characteristics of welded workpiece
drawings, presenting welded
workpieces, drawing and marking
welds.

8. Lecture: Drawing of casted and
forged workpieces and basic rules of
technical documentation on 3D
geometrical models (MBD principles)

* Characteristics of workshop drawings
of castings and forgings.

* Symbols of technical drawing
requirements on 3D and 2D
geometrical models and in drawings.

* Specifities.

* Advantages and deficiencies.

O

. Lecture: Definition of 3D modelling



* Osnove 3D geometrije,

* Pozicioniranje skic v prostor

* Uporaba topoloskih elementov za
izdelavo osnovnih parametrov
geometrije

* Relacije med razlicnimi elementi skic
- topoloskimi gradniki.

10. Predavanje: Osnove modeliranja s
trdnimi modeli in z znacilkami

* Razli¢ni pristopi k modeliranju in
uvod v trdne modele,

* Razvoj modeliranja in modelirnikov,

e Lastnosti trdnih modelov

¢ Delo s trdnimi modeli

» Kaj so to znacilke, primer uporabe,

e Osnovne znacCilke

11. Predavanje: Modeliranje z
izpeljanimi znacilkami

* Razlicne stopnje kompleksnosti pri
modeliranju z znacilkami,

* Zaokrozitve

* Posnetja

» Zrcaljenje

* Vzorcenje

* Izvotlitev

* Rebra

12. Predavanje: Delo s krivuljami in
povrSinami

* Osnovni geometrijski gradniki (tocka,
daljica, povrsina,...),

e Zahtevane lastnosti krivulj in
fizikalna ozadja zapisov krivulj

* Prehod iz krivulj v povrsine

* Izdelava povrsinskih modelov

* Sestavljanje povrsin

» Zveznosti med povrsinami

» Tvorjenje trdnih modelov iz povrsin

* Kombiniranje trdnih in povrsinskih
modelov.

13. Predavanje: Modeliranje sestavov

* Medsebojni vpliv znacilk in izdelka,

e Struktura izdelka in nivoji
konstruiranja,

* Tehnika modeliranja sestavov od
spodaj navzgor,

* Tehnika modeliranja sestavov od
zgoraj navzdol.

14. Predavanje: Tvorjenje tehni¢ne

and sketching in CAD modellers

* Basics of computer graphics,

* Definition of 3D space in CAD,

* Coordinate systems,

* Basics of 3D geometry,

* Positioning sketches in space,

* Use of topological elements for
definition of basic geometry
parameters,

* Relations between different elements
of a sketch - topological building
blocks.

10. Lecture: Basics of solid and feature
modelling

» Different approaches to modelling
and introduction into solid models,

* Evolution of modelling and modellers,

e Characteristics of solid models,

* Dealing with solid models,

* What are features, examples of use,

e Basic (sketched) features.

11. Lecture: Modelling with applied
features

* Different levels of complexity in
feature modelling,

e Fillets,

* Chamfers,

e Mirroring,

* Patterns,

* Shelling,

¢ Ribs.

12. Lecture: Dealing with curves and
surfaces

* Basic geometrical building blocks
(point, line segment, surface, etc.).

* Required characteristics of curves
and physical backround of curve
annotations,

* Transition from curves to surfaces,

* Designing surface models,

* Combining of surfaces,

* Continuities between surfaces,

* Designing solid models from
surfaces,

* Combining solid and surface models,

13. Lecture: Modelling of assemblies

¢ Interaction between features and a



dokumentacije iz 3D modelov

* Kako tvorimo dokumentacijo

* Dolocanje geometrijskih in
dimenzijskih toleranc na modelu in
nacrtu

* Dolocanje dodatnih konstrukcijskih
pravil na 3D modelu in v
dokumentaciji

15. Predavanje: Definiranje na osnovi 3D
modela - Model Based Definition

* Izdelava dokumentacije neposredno
na 3D modelu,

* Nacini prikazov in izvozov pri MBD,

* Prehod iz MBD na papir,

Priprava in uporaba MBD za
proizvodnjo.

Temeljna literatura in viri/Readings:

Osnovna:

product,

* Structure of a product and levels of
design,

* Assembly modelling: bottom-up
approach,

* Assembly modelling: Top-down
approach.

14. Lecture: Creation of technical
drawings and documentation from 3D
models

* How to create documentation,

* Determination of geometrical and
dimensional tolerances on a model
and on a drawing.

* Annotation of additional design
specifications on a 3D model and in
documentation.

15. Lecture: Model Based Definition
(MBD)

* Design of documentation on a 3D
model,

* Different visualisation and
exportation methods of information
from MBD.

* Transition from MBD to a sheet of
paper.

* Preparation and use of MBD for
production purposes.
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3. KRAUT, Bojan, Krautov strojniski priro¢nik, 17. slovenska popravljena izd.,
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2019
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Wesley, Boston

5. DUHOVNIK, Joze, DEMSAR, Ivan, DRESAR, PrimozZ. Space modeling with
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9. Farin GE (2002) Curves and Surfaces for Computer-Aided Geometric Design,
Academic Press

10. Jankauskas K (2010) Time-efficient nurbs curve evaluation algorithms. In:
Proceedings of the 16th international conference on Information and Software
Technologies, p 60-69

11. Patrikalakis NM, Maekawa T (2002) Intersection problems. In: Farin GE, Kim
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Modeling. Academic Press

Cilji in kompetence: Objectives and competences:

Cilji: Objectives:

1. Pridobiti teoreti¢no in prakti¢no 1. Gaining theoretical and practical
znanje s podrocja racunalniskega knowledge of computer-aided
tehni¢nega risanja in 3D modeliranja technical drawing and 3D modelling.

2. Spoznati uporabo specializiranih 2. Learning to use specialised software
programskih orodij za tehni¢no tools for technical drawing and 3D
risanje in 3D modeliranje modelling.

3. Spoznati kljuc¢ne veljavne standarde s 3. Understanding key applicable
podrocja tehni¢ne dokumentacije standards in the field of technical

4. Razumeti modeliranje in tehni¢no documentation.
risanje kot delovni proces za 4. Understanding modelling and
zagotavljenje Zelenih funkcij izdelka technical drawing as the work
pri konstruiranju izdelkov. process in product design procedure

5. Spoznati povezavo med procesom used to ensure desired functions of a
konstruiranja, procesom 3D product.
modeliranja, tehni¢nega risanja in 5. Learning the relations between
tehnoloskimi procesi izdelave izdelka. design process, 3D modelling,

6. Spoznati in znati samostojno technical drawing and technological
uporabljati razpolozljive tehnologije, processes of product creation.
algoritme in naprave, ki omogocajo 6. Learning and being able to
predstavitev izdelkov v prostoru. independently use available

7. Pridobiti popolno poznavanje vsaj technologies, algorithms and devices,
enega modelirnika z njegovimi which enable representation of
karakteristikami. products in space.

7. Gaining full competences for using at
least one 3D CAD modeler.

Kompetence:

1. S1-RRP + P1-RRP: Sposobnost
opredelitve in razumevanja izzivov z
uporabo temeljnih teoreti¢nih znanjs 1. S1-RRP + P1-RRP: The ability to

Competences:



podrocja strojnistva.
2. S4-RRP: Sposobnost strokovnega

sporazumevanja in pisnega izrazanja.

3. S5-RRP: Sposobnost uporabe
informacijsko-komunikacijske
tehnologije.

4. S5-RRP + P2-RRP: Obvladovanja
virtualnega 3D prostora, kot
delovnega okolja sodobnih
inzenirskih znanosti.

5. S6-RRP + P6-RRP: Razumevanje in
kompetence za sistemsko obravnavo
izdelkov, opredeljevanje posameznih
funkcij in njihovo integrirano
obdelavo v sistemih, kar je pogoj za
pristop h konstruiranju.

6. S1-RRP + P4-RRP: Uporaba

obstojecih algoritmov za predstavitve

geometrijskih gradnikov in
zdruzevanje v gradnike visjega reda.
Uporaba algoritmov za geometrijske
transformacije v 3D prostoru.

7. S5-RRP + P2-RRP: Uporaba najmanj
enega modelirnika ter razumevanje
delovanja vecine sodobnih
modelirnikov z minimalno potrebno
priucitvijo za njihovo rutinsko
uporabo.

Predvideni Studijski rezultati:
Znanja:

Z1: Poglobljeno strokovno teoreti¢no in

prakti¢no znanje na podrocju tehni¢nega

risanja in rac¢unalniskega modeliranja
geometrije, podprto s Sirso teoreti¢no in
metodolosko osnovo:

Spretnosti:

S1.1 Izvajanje kompleksnih operativno-
strokovnih opravil, ki vkljucujejo tudi
uporabo metodoloskih orodij:

* Branje tehnic¢nih risb in razumevanje
prostorskih oblik na osnovi 2D risb.

* Izdelava tehni¢nih rib na osnovi
prostorskih modelov.

identify and understand the
challenges of using fundamental
theoretical knowledge in the field of
mechanical engineering.

2. S4-RRP: Good professional
communication and writing skills.

3. S5-RRP: The ability to use the
information and communications
technology.

4. S5-RRP + P2-RRP: The ability to
work in virtual 3D space as a working
environment of modern engineering
sciences.

5. S6-RRP + P6-RRP: Understanding
and competences for systematic
handling of products,
characterisation of individual
functions and their integration into
systems as a condition for successful
modelling and design process.

6. S1-RRP + P4-RRP: Application of
existings algorhitms for
representation of geometrical
building blocks and their merging
into the blocks of higher complexity
level. Application of geometric
transformations in 3D space.

7. S5-RRP + P2-RRP: Use of at least one
3D modeller and principle
understanding of most of modern
modeller with minimal required
training for their routine use.

Intended learning outcomes:
Knowledge:

Z1: In-depth professional theoretical and
practical knowledge in the field of
technical drawing and computer-aided
geometric modelling, supported by a
wide theoretical and methodological
basis.

Skills:

S1.1 Performance of complex
operational and specialist tasks,
including the use of methodological
tools:

* Reading technical drawings and
understanding spatials forms based



» Uporaba veljavnih standardov pri
opremljanju tehni¢nih risb

S1.2 Obvladovanje zahtevnih,
kompleksnih delovnih procesov ob
samostojni uporabi znanja v novih
delovnih situacijah:

* Izdelava geometrijskih 3D modelov

* razumevanje in uporabo 3D
modeliranja za potrebe reSevanja
osnovnih inzenirskih konstrukcijskih
problemov.

* Razvoj vescin, potrebnih za sistemski
pristop k razvoju izdelkov in/ali
projektiranju.

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 tehnicnega
risanja in 3D modeliranja z namenskimi
didakticnimi pripomocki:

* Racunalniske delovne postaje s

programskimi paketi za modeliranje
in izdelavo tehnic¢nih risb.

P8 Izdelava in predstavitev aplikativnih
seminarskih nalog.

P12 Individualizirane domace naloge v
spletni ucilnici.
P14 Virtualne predstavitve.

P15 Uporaba video vsebin kot priprava
na predavanja in vaje.

on 2D drawings.

* Designing technical drawings based
on 3D models.

* Use of applicable standards in
creating symbolic descriptions for
technical drawings.

S1.2 Handling difficult, complex working
priciples by independent application of
knowledge in new working situations:

* Creation of geometric 3D modells

* Understanding and use of 3D
modelling for solving basic design
engineering problems.

* Development of skills which are
necessary for systematic approach to
development of products and
planning.

Learning and teaching methods:

P1 Auditory lectures with solving
selected and typical theoretical and
practical examples.

P2 Presentation of a subject matter
based on the arranged and previously
explained scheme.

P4 Laboratory exercises of technical
drawing and 3D modelling with
dedicated didactic aids:

* Computer workstations with software
packages for modeling and drawing
technical drawings.

P8 Creation and presentation of
applicative seminar assignments.

P12 Individual homework assignments in
a virtual classroom.

P14 Virtual presentations.

P15 Use of video contents as
preparation for lectures and tutorials.

Nacini ocenjevanja: Delez/ Assessment:
Weight
Teoreticni izpit (pisno/ustno) 50,00 % Theory examination
(written/oral).
Delo na laboratorijskih vajah 35,00 % Practical examination in



(vkljucno z izdelki) laboratory (written/oral).

Projektna naloga (pisno) 15,00 % Project work (written).
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