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Vsebina:

. Uvod v vzdrZevanje:

delovno sredstvo,
standard SIST EN 13306,
vloga in pomen vzdrZevanja,
3-je stebri vpliva na delovanje delovnega sredstva,
vzdrZevanje glede na izkusnje podjetja.
Osnovni pojmi & IKT tehnologije:
delitev tehnologij vzdrzevanja po SIST EN 13306,
KPI - klju¢ni kazalniki uspesnosti pri vrednotenju

vzdrZevanja,

3.

CMMS sistem,
uporaba novih tehnologij pri vzdrZzevanju.
Upravljanje z delom v vzdrZevalnem procesu:
Nacrtovanje in vodenje,
potek dela v vzdrZzevalnem procesu in vloge,
delovni nalogi,
dolocevanje prioritetnega dela.
Materiali, rezervni deli in upravljanje zalog:
razdelitev inventarjanatip A,BinC,
sistemi shranjevanja in iskanja rezervnih,
optimizacijska orodja in tehnike.

Merjenje in snovanje zanesljivosti in vzdrZevalnosti:
zanesljivost, vzdrZzevalnost in razpoloZljivost po SIST

EN 13306,

modeli okvar,
zanesljivost vec-komponentnih sistemov,
stroski Zivljenjskega cikla.
Popolno proizvodno vzdrzevanje - TPM
ozadje nastanka TPM,
vloga operaterjev pri vzdrzevanju, 8 stebrov TPM,
organizacija delovnega mesta po metodi 5S,
skupna ucinkovitost opreme OEE.
Strategije in optimizacija vzdrZevanja - 1. Del:
okvara in P-F interval,v
zdrZevanje osredotoceno na zanesljivost.
Strategije in optimizacija vzdrZevanja - 2. Del:
napovedno vzdrZzevanje,
preventivno vzdrzevanje po planu,
delovanje do odpovedi.
Analiza vzdrZevanija in orodja za izboljSavo:
orodja za analizo glavnega vzroka,
6 sigma in orodja za kvaliteto,
orodja na osnovi koncepta vitkosti (lean),
ostale analize in orodja.

10. Preventivno vzdrZevanje hidravli¢nih naprav,
Cistoca hidravlicne kapljevine:

postopki preventivnega vzdrZzevanja hidravli¢nih

naprav,

kontaminacija hidravlicne kapljevine, vzroki in

Content (Syllabus outline):

2.

Introduction to maintenance:

asset,

standard SIST EN 13306,

role and importance of maintenance,

3 pillars of asset performance,

maintenance depending on enterprise practice
Basic terms & ICT:

division of maintenance technologies according to

SIST EN 13306,

3.

5.

KPI - key performance indicators for maintenance,
CMMS system,
usage of novel technologies for maintenance.
Maintenance work management:
Planning and scheduling,
workflow in maintenance process and roles,
work orders,
prioritizing work.
Materials, parts and inventory management:
stratification to parts A, B and C,
storage and retrieval systems,
optimizing tools and techniques.
Measuring and designing for reliability and

maintainability:

reliability, maintainability and availability according

to SIST EN 13306,
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7.

failure patterns,
reliability of multi-component systems,
life-cycle costs (LCC).
Total productive maintenance - TPM
background,
role of operators in maintenance, 8 pillars of TPM,
workspace organization by 5S method,
overall equipment effectivness OEE.
Strategies and optimization of maintenance - 1st

part

8.

failure okvara and P-F interval,
reliability centered maintenance.
Strategies and optimization of maintenance - 2nd

part

9.

predictive maintenance,
preventive planned maintenance,
run to failure.
Maintenance analysis and improvement tools:
Tools for failure root cause analysis,
6 sigma and quality tools,
lean maintenance tools,
other analyses and tools.

10. Preventive maintenance of hydraulic equipment,
cleanliness of hydraulic fluid:



posledice,

- standardi za ovrednotenje Cistoce hidravlicne
kapljevine,

- merjenje in ovrednotenije Cistoce hidravlicne
kapljevine.

11. Cistoéa, filtracija in izpiranje hidravli¢nih sistemov:
- zagotavljanje Zeljene Cistoce hidravlicne kapljevine,

- filtracija, vrste, izvedbe, ucinkovitost, prevzemnost,
B-vrednost,

- standardizirani test hidravli¢nih filtrov - Multipass
test,

- nacini preverjanja zamasenosti filtrov in ¢as menjave
ter posledice neupostevanja.

12. VzdrZevanje temperature in viskoznosti hidravli¢ne
kapljevine:

- temperaturno - viskozna odvisnost hidravlicne
kapljevine,

- viskoznostni razredi in dolocitev ustrezne viskoznosti
za posamezno hidravli¢éno napravo,

- dolocitev dopustnih temperatur za hidravli¢no
napravo,

- preprecevanje poskodb zaradi previsoke temperature
kapljevine,

- indikatorji visoke temperature kapljevine.

13. Vzdrzevanje hidravli¢nih sistemov po specifikacijah
proizvajalcev:

- posledice slabo nastavljenih hidravli¢nih parametrov,
- kontrola in nastavitve parametrov hidravlicne
naprave,

- koristi ustrezno nastavljenih parametrov.

14. Predc¢asna odprava vzrokov pred okvaro, pravilni
zagon hidravli¢ne naprave:

- posledice okvar hidravli¢nih sestavin,

- dolocitev pricakovane uporabne dobe,

- prednosti pravocasne menjave hidravli¢nih sestavin,
- postopek pravilnega zagona hidravli¢ne naprave.

15. Odkrivanje vzrokov napak, simptomi za okvare,
postopki popravil hidravli¢nih naprav itn.:

- osnove odkrivanja okvar hidravli¢nih sistemov,

- glavni kazalniki za hidravli¢ne okvare in njihovi vzroki,
- lociranje notranjega puscanja,

- posledice kavitacije pri hidrostati¢nih pogonih,

- popravila hidravli¢nih sestavin, ocena stroskov,
uveljavljanje garancije.

Temeljna literatura in viri/Readings:

- Preventive maintenance procedures for hydraulic
equipment,

- Contamination of hydraulic fluid, causes and effects,

- Standards for evaluating the cleanliness of hydraulic
fluid,

- Measurement and evaluation of the cleanliness of the
hydraulic fluid.

11. Cleanliness, filtration and flushing of hydraulic
systems:

- Ensuring the desired cleanliness of the hydraulic fluid,
- Filtration, types, implementations, efficiency,
acceptability, B-value,

- Standardized hydraulic filter test - Multipass test,

- The methods of checking the clogged filters, the filter
replacement time and the consequences of non-
compliance.

12. Maintenance of temperature and viscosity of
hydraulic fluid:

- Temperature - viscous relation of hydraulic fluid,

- The viscosity classes and the determination of the
appropriate viscosity for each hydraulic device,

- Determination of the permissible temperatures for the
hydraulic system,

- Prevention of damage due to excessive liquid
temperature,

- High liquid temperature indicators.

13. Maintenance of hydraulic systems according to
manufacturer's specifications:

- Consequences of innapropriate hydraulic parameters,
- Control and parameter settings of the hydraulic
system,

- Benefits of properly configured parameters.

14. Early elimination of causes of failure, appropriate
start of hydraulic system:

- The consequences of damages of the hydraulic
components,

- Determination of the expected useful life,

- The benefits of timely replacement of hydraulic
components,

- The procedure for starting the hydraulic system
correctly.

15. Detection of causes of defects, symptoms of failures,
repair procedures of hydraulic devices, etc .:

- Basics of hydraulic system failure detection,

- The main indicators for hydraulic failures and their
causes,

- Locating the internal leak,

- Effects of cavitation on hydrostatic drives,

- Repair of hydraulic components, cost estimation,
warranty coverage.



Ramesh Gulati, Maintenance and Reliability Best Practices, Industrial Press Inc., 2013

Diego Galar, Peter Sandborn, Uday Kumar, Maintenance Costs and Life Cycle Cost Analysis, CRC Press, 2017

Andrew K.S. Jardine, Albert H.C. Tsang, Maintenance Replacement and Reliability - Theory and Applications, CRC

Press, 2013

B. Casey, The hydraulic maintenance handbook, Hydraulic Equipmen Maintenance The 80/20 Way, Hydraulic

Supermarket, 2017

B. Casey, The hydraulic trpubleschooting handbook, Hydraulic Supermarket, 2017

Cilji in kompetence:

Cilji:

Spoznati strategije vzdrzevanja

Spoznati tehnike za iskanje vzrokov okvar

Spoznati matemati¢ne modele za optimizacijo
vzdrzevalnih aktivnosti

Spoznati upravljanje dela v vzdrZevalnem procesu
Spoznati organizacijo rezervnih delov in skladisca
Spoznati vzdrzevanije hidravli¢nih naprav
Kompetence:

P8-PAP: Sposobnost izbire ustrezne strategije
vzdrZevanja glede na delovno sredstvo.

S11-PAP: Sposobnost analize in iskanja vzrokov okvar.

P9-PAP: Sposobnost uporabe matemati¢nih modelov za
optimizacijo vzdrzevalnih aktivnosti - povecavnje
razpoloZljivosti, zmanjSanje inventarja, zmanjsanje
skupnih stroskov.

S6-PAP: Sposobnost in razumevanje timskega dela v
vzdrZevalnem procesu.

P10-PAP: Sposobnost organizacije rezervnih delov.

S1-PAP: Sposobnost organizacije in vodenja vzdrzevanja
na hidravli¢nih sistemih.

Predvideni studijski rezultati:
Znanja:

Z1: Poglobljeno poznavanije strategij vzdrzevanja in vseh
podpornih aktivnosti ter prakticna uporaba na
hidravli¢nih sistemih.

Spretnosti:

$1.1: Priprava in izvedba matematicnih analiz za
vrednotenje in optimizacijo vzdrZevanja.

$1.2: Samostojna uporaba strategij vzdrZzevanja v realnih
delovnih okoljih.

Objectives and competences:

Goals:

Learn about maintenance strategies
Learn techniques for root cause analysis

Learn mathematical models for maintenance
optimization

Learn work management in maintenance

Learn about organization and storage of spare parts
Learn about maintenance of hydraulic systems
Competences:

P8-PAP: Ability to choose proper maintenance strategy
regading the asset.

S11-PAP: Ability of performing root cause analysis.

P9-PAP: Ability of usage mathematical models for
maintenance activity optimization - increasing
availability, reduction of inventory, reduction of total
costs.

S6-PAP: Ability and understanding of team work in
maintenance process.

P10-PAP: Ability of organization of spare
parts.Sposobnost organizacije rezervnih delov.

S1-PAP: Ability of organization and management of
maintenance for hydraulic systems.

Intended learning outcomes:
Knowledge:

Z1: In-depth knowledge of maintenance strategies and
all support activities and practical application to
hydraulic systems.

Skills:

S1.1: Preparation and performance of mathematical
analyzes for the evaluation and optimization of
maintenance.

$1.2: Autonomous use of maintenance strategies in real



$1.3: Iskanje glavnega vzroka okvare in izvedba
ustreznih korektivnih ukrepov.

S1.4: Sposobnost predlaganja in uvedbe novih resitev na
podrocju vzdrZevanja.

Metode poucevanja in ucenja:

1. P2 Obravnava snovi po urejeni in vnaprej razlozeni
sistematiki.

2. P3Avditorne vaje, kjer se teoreticno znanje s
predavanj podkrepi z racunskimi primeri

3. P4 Laboratorijske vaje z namenskimi didakti¢nimi
pripomocki:

hidravli¢na preizkusevalisc¢a in

diagnosti¢na oprema za meritve hidravli¢nih parametrov
: tlak, pretok, temperatura, vlaga, cistoca, viskoznost,
dielektri¢na konstanta, ...

4. P6 Interaktivna predavanja

5. P7 Studij literature in razprava

6. P8 lIzdelava in predstavitev aplikativnih seminarskih
nalog: po dva studenta resujeta konkretno individualno
nalogo s podrocja vzdrZzevanja

Nacini ocenjevanija:

work environments.

$1.3: Identify the root cause of the failure and take
appropriate corrective action.

S1.4: Ability to propose and introduce new maintenance
solutions.

Learning and teaching methods:

1. P2 Dealing with the learning material in an orderly
and pre-explained systematic manner.

2. P3 Auditorial tutorials, where theoretical knowledge
from lectures is supported by computational examples.
3. P4 Laboratory tutorials with dedicated teaching
aids:

hydraulic test facilities and

diagnostic equipment for measurinf hydraulic
parameters: pressure, flow, temperature, humidity,
cleanliness, viscosity, dielectric constant, ...

4. Pé6 Interactive lectures

5. P7 Literture study and discussion

6. P8 Making and presentation of applied seminar
tasks: Izdelava in predstavitev aplikativnih seminarskih
nalog: two students solve a specific individual task in the
field of maintenance

DeleZ/Weight Assessment:

Teoreti¢na snov (predavanja). 50,00 % Theory (lectures).

Laboratorijsko delo na vajah (vklju¢no s 25,00 % Laboratory tutorials (including tutorial exam).
kolokvijem).

Seminar. 25,00 % Project.
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