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Opredelitev odrezovalnih procesov

Opredelitev odrezavanja
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Trendi odrezovalnih procesov
Uvod in delitev postopkov

Uvod v odrezavanje

Osnovni pojmi

Delitev odrezovalnih postopkov
Osnovni principi tvorbe odrezkov

Ortogonalni model odrezavanja
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Izdelovalne tehnologije 1
Production technologies 1
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Franci Pusavec, Tomaz Pepelnjak

Obvezni splosni predmet /Compulsory general course

Predavanja/Lectures: Slovenscina

Vaje/Tutorial: Slovenscina

Prerequisites:

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

Content (Syllabus outline):

Definition of machining processes

- Definition of machining

- Machining performance

- Trends in machining processes

2. Introduction and division of processes
- Introduction to machining

- Basic concepts

- Division of machining processes

3. Basic principles of chip formation
- Orthogonal cutting model

- Turning




- Frezanje

4. Drugi Siroko uporabljani postopki

- Vrtanje

- Povrtavanje

- Posnemanje

5. Nacrtovanje odrezovalnih tehnologij

- Nadrtovanje tehnologij

- Dolocevanje obdelovalnih parametrov

- Strategije obdelave

6. Uvod v CAM

- Opredelitev povezave CAD/CAM

- Koncepti kinematike obdelovalnih strojev

- Osnovni postopki CAM

7. Fini naknadni postopki odrezavanja

- Vpliv odrezovalnih procesov na kakovost izdelkov

- Odrezovalni procesi za hitro prototipiranje

- Naknadne obdelave aditivno izdelanih izdelkov

8. Uvod v postopke preoblikovanja

- Delitev postopkov preoblikovanja

- Kriteriji za izbiro postopkov preoblikovanja (kdaj
izbrati preoblikovanje, katero tehnologijo izbrati za
predpisan izdelek), vpliv izbranega materiala na potek
preoblikovalnega postopka

- Natancnost postopkov preoblikovanja (odvisnost od
izbrane tehnologije, velikosti izdelka, uporabljanega
materiala)

- Primerjava lastnosti izdelka po preoblikovanju in
ostalih konkurenénih tehnologijah izdelave, vpliv na
izbiro materiala

9. Preoblikovanje plocevinskih izdelkov

- Osnove glavnih postopkov preoblikovanja plocevine;
delitev glede na napetostno-deformacijsko stanje v
material, specifike posamezne skupine postopkov

- Predstavitev postopkov preoblikovanja za pripravo
surovcev pred preoblikovanjem in dodelave
preoblikovancev (razrez materiala, vlecenje vratov,
uvaljanje navojev, itd.)

- Alternativni postopki preoblikovanja plocevine
(postopno preoblikovanje, potisno rotacijsko
preoblikovanje, superplasticno preoblikovanje,
eksplozijsko preoblikovanje, elektro-magnetno
preoblikovanje)

10. Predelava masivnih kovinskih izdelkov s postopki
preoblikovanja

- Vrste predelave masivnih surovcev s postopki
preoblikovanja

- Priprava surovcev pred masivnim preoblikovanjem,
vpliv izbrane tehnologije preoblikovanja na predpripravo
surovcev

- Predstavitev glavnih skupin postopkov (valjanje,
iztiskavanje, vlecenje profilov in palic, itd.)

11. Osnove izdelave polimernih izdelkov s
preoblikovanjem

- Primerjava preoblikovanja kovinskih in polimernih

- Milling

4. Other widely used processes

- Drilling

- Reaming

- Broaching

5. Design of machining technologies

- Technology design

- Determination of process parameters

- Machining strategies

6. Introduction to CAM

- CAD / CAM connection definition

- Concepts of machine tool kinematics

- Basic CAM procedures

7. Fininshing machining operations

- Influence of machining processes on product quality
- machining processes for rapid prototyping

- Post-processing of additively manufactured products
8. Introduction to forming processes

- Overview on forming processes

- Criteria for selecting the forming processes (when to
choose forming, which technology to choose for the
prescribed product), the influence of selected material
on the forming process

- The precision of forming processes (depending on
the selected technology, product size, used material)

- Comparison of product properties after forming with
other competing manufacturing technologies, influence
on material selection

9. Forming of sheet metal products

- Basics of main sheet metal forming processes;
classification according to the stress-strain state in the
material, the specifics of each group of processes

- Presentation of the forming process procedures for
the preparation of workpieces before forming and
adaptation of formed parts (cutting of material, neck
pulling, thread rolling, etc.)

- Alternative sheet metal forming processes
(incremental forming, flow-forming, superplastic
forming, explosion forming, electromagnetic forming)
10. Processing of bulk metal products by forming
processes

- Types of processing of bulk feedstock by forming
processes

- Preparation of billets before bulk forming, the
influence of the selected forming technology on the
preparation of billets

- Presentation of the main process groups (rolling,
extrusion, drawing of profiles and bars, etc.)

11. Fundamentals of polymer product manufacturing
by forming

- Comparison of metal and polymer material forming,
product properties, achievable design and tolerances

- Required technological conditions for individual
forming processes of polymeric materials (methods of



preoblikovanceyv, lastnosti izdelkov, dosegljive oblike in
tolerance

- Potrebni tehnoloski pogoji za posamezne procese
preoblikovanja polimernih materialov (nacini predelave,
vrste uporabljanih materialov, itd.)

- Opredelitev izbire tehnologije preoblikovanja
polimerov glede na oblikovno-mehanske zahteve izdelka
12. Oprema za izvedbo preoblikovalnih postopkov

- Kljucne lastnosti preoblikovalnih orodij za velike,
srednje in male serije izdelkov

- Karakteristike strojev za preoblikovanje; omejitve,
kljuéni parametri za izbiro stroja

- Oprema za posluzevanje preoblikovalnih strojev;
vplivi na izbiro opreme

13. Trajnostni vidiki preoblikovanja

- lIzbira materiala

- Izbira procesa

- Ukrepi za zmanjsevanje porabe virov (materiala in
energije za predelavo)

- Ukrepi za zmanjSevanje porabe energije pri delovanju
preoblikovalnih strojev

14. Recikliranje materiala pri preoblikovanju in
skrajSevanje proizvodnih verig

- Nacini recikliranja materiala

- Prednosti, slabosti in omejitve pri recikliranju
kovinskih materialov

- Prednosti, slabosti in omejitve pri recikliranju
polimernih materialov

- Nacini skrajsevanja postopkov reciklaze kovin

15. Celostna primerjava med odrezavanjem in
preoblikovanjem

- Ekonomika pri odrezavanju

- Ekonomika pri preoblikovanju

- Meja med odrezavanjem in preoblikovanjem

Temeljna literatura in viri/Readings:

processing, types of used materials, etc.)

- Defining the selection of polymer forming technology
according to the product geometrical-mechanical
requirements

12. Equipment for performing forming operations

- Key features of forming tools for large, medium and
small batch production

- Characteristics of forming machines; limitations, key
parameters for machine selection

- Equipment for handling of forming machine tools;
impacts on equipment selection

13. Sustainable aspects of forming

- Material selection

- Process selection

- Measures to reduce the use of resources (material
and energy used for part production)

- Measures to reduce the energy consumption of
forming machines

14. Recycling of materials in forming and shortening
of production chains

- Methods of material recycling

- Advantages, disadvantages and limitations of
recycling metallic materials

- Advantages, disadvantages and limitations of
recycling polymer materials

- Methods for shortening of metal recycling processes
15. Comprehensive comparison between machining
and forming

- Machining economics

- Economics in forming

- The boundary between machining and forming

1. J. Kopac¢: Odrezavanje - Teoreti¢ne osnove in tehnoloski napotki, 2008, Ljubljana.
2. F.Klocke: Manufacturing Processes 1. Springer-Verlag Berlin, 2011
3. F.Pusavec, J. Kopac: Sustainability of modern metal cutting processes: assessment of cryogenic machining.

Ljubljana, 2012

4. G. Globocki-Laki¢, D. Kramar, J. Kopac: Metal cutting: theory and applications. Banja Luka, Ljubljana, 2014Janez
Kopa¢, Mirko Sokovié: Tehnika odrezovanja. Ljubljana, 1993
5. Skupina avtorjev: Moderno proizvodno inZenirstvo - priro¢nik, Karl Kuzman (Edt.), Grafis trade,d.o.o, Grosuplje,

2010

6. S.Kalpakjan, S.R. Schmid: Manufacturing Engineering and Technology, Prentice Hall / PEARSON, Singapore,

2013

7. ). Navodnik, M. Kopcic: Plastik-orodjar : priro¢nik, 3. dopolnjena izdaja, Velenje : Navodnik, 1998.

8. Osswald, T.A.; Turng, L.S., Gramann, P. J.: Injection molding handbook: C. Hanser Verlag; 2002.

9. J.M. Allwood; J.M. Cullen: Sustainable Materials / With both eyes open, UIT Cambridge, 2012.

10. Skupina avtorjev: Sheet Metal Forming - Fundamentals, ASM international, Materials Park Ohio, 2012.

Cilji in kompetence:

Objectives and competences:



Cilji:

1. Pridobiti splosna znanja o izdelovalnih tehnologijah
(odrezavanje in preoblikovanje), ki so potrebne za
optimalno in trzno sprejemljivo snovanje kon¢nega
izdelka.

2. Prakti¢ni prikaz in seznanitev s tehnologijami in
stroji za preoblikovanje in odrezovanje.

3. Poznavanje izracunov ¢asa obdelave za dosego
optimalnih parametrov.

4. Predstavitev ekonomske upravi¢enosti obdelovalnih
tehnologij ob upostevanju fiksnih in variabilnih
stroskov, glede na stevilo kosov/izdelkov v seriji.

Kompetence:

1. P3-RRP + S1-RRP: Temeljna usposobljenost na
podrocju obdelovalnih tehnologij, ki omogoca
nadaljevanje studija v magistrskem Studijskem
programu.

2. P5-RRP + S4-RRP: Sposobnost strokovnega
sporazumevanja in pisnega izrazanja s podrocja
obdelovalnih tehnologij.

3. P6-RRP + S7-RRP: Sposobnost iskanje virov, kriticne
presoje informacij, samostojnega nadgrajevanja
pridobljenih znanj in poglabljanje znanj na
posameznih podrocjih obdelovalnih tehnologij.

Predvideni studijski rezultati:
Znanja:

Z.1: Poglobljeno strokovno teoreti¢no in prakti¢cno
znanje na podrocju tehnologij odrezavanja in
preoblikovanja materialov, podprto s SirSo teoretic¢no in
metodolosko osnovo za izbiro in izvedbo ustrezne
tehnologije.

Spretnosti:

$1.1 Izvajanje kompleksnih operativno-strokovnih
opravil s podrocja tehnologij odrezavanja in
preoblikovanja kovinskih in nekovinskih materialov, ki
vkljucujejo tudi uporabo metodoloskih orodij in
modelov.

$1.2 Obvladovanje zahtevnih, kompleksnih delovnih
procesov ob samostojni uporabi znanja s podrocja
tehnologij odrezavanja in preoblikovanja materialov v
novih delovnih situacijah.

$1.4 Izvajanje kriti¢ne presoje izbire tehnoloskega
postopka odrezavanja, preoblikovanja ali njune
kombinacije za kakovostno proizvodnjo izdelkov z redno

Objectives:

1. To acquire general knowledge of production
technologies (machining and forming) necessary for
the optimal and commercially acceptable design of
the finished product.

2. Practical demonstration and familiarization with
technologies and machines for forming and
machining.

3. Knowledge of processing time calculations to
achieve optimal parameters.

4. Presentation of the economic viability of the
processing technologies, taking into account fixed
and variable costs, depending on the number of
pieces / products in the batch.

Competences:

1. P3-RRP + S1-RRP: Basic competence in the field of
manufacturing technologies, enabling further study
in the master's degree program.

2. P5-RRP + S4-RRP: Ability to communicate
professionally and express themselves in the field of
manufacturing technologies.

3. P6-RRP + S7-RRP: Ability to search for resources,
critically evaluate information, independently
upgrade acquired knowledge and deepen
knowledge in particular fields of manufacturing
technologies.

Intended learning outcomes:
Knowledge:

Z.1: In-depth professional theoretical and practical
knowledge in the field of machining and forming
technologies, supported by a broader theoretical and
methodological basis for the selection and
implementation of appropriate technology.

Skills:

$1.1 Performing complex operational and technical
tasks in the field of machining and forming technologies
of metal and non-metallic materials, which also include
the use of methodological tools and models.

S$1.2 Mastering demanding, complex workflows while
independently using knowledge of cutting and material
forming technologies in new work situations.

51.4 Perform a critical appraisal on the selected
technological process of machining, forming or a
combination thereof for quality production of products
with regular critical reflection of the selected
combination of technologies.



kriticno refleksijo izbrane kombinacije tehnologij.

Metode poucevanja in ucenja: Learning and teaching methods:

P1 Avditorna predavanja z reSevanjem izbranih - za P1 Lectures by solving selected - typical - theoretical and
podrocje znacilnih - teoretic¢nih in prakticno uporabnih practical examples.

primerov.

P3 Practical classes where theoretical knowledge from

P3 Avditorne vaje, kjer se teoreti¢no znanje s predavanj lectures is supported by computational examples

podkrepi z racunskimi primeri

P4 Laboratory exercises in the laboratory on machine

P4 Laboratorijske vaje v laboratoriju na obdelovalnih tools

strojih
P6 Interaktivna predavanja

P8 Izdelava in predstavitev aplikativnih seminarskih
nalog

P6 Interactive Lectures
P8 Design and presentation of applied seminar work

P15 Use video content to prepare for lectures and

tutorials.
P15 Uporaba video vsebin kot priprava na predavanje in
vaje.
Nacini ocenjevanja: Delez/Weight Assessment:
Teoreti¢ne vsebine (predavanja) 50,00 % - Theoretical content (lectures)
- Delo na laboratorijskih vajah (vklju¢no s 20,00 % - Laboratory work (including reports)
porocili)
- Seminar 30,00 % - Seminar
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