Dr. sc. Ante Buksa / Ph. D.

Pomorski fakultet u Rijeci / Faculty of Maritime Studies Rijeka

Studenska 2
Danijel Mati¢, dipl. ing.

Brodogradilite Viktor Lenac / Viktor Lenac Shipyard

Martinsc¢ica b.b., P.O. box 210

Mr. sc. Rikard Miculinié / M. Sc.
Pomorski fakultet u Rijeci /
Faculty of Maritime Studies Rijeka
Studenska 2

Hrvatska / Croatia

Prethodno priopcenje
Preliminary communication

UDK/UDC:
629.5.064.3
629.5.083.4

Primljeno / Received:

24. travnja 2012. / 24" April 2012
Odobreno / Accepted:

28. svibnja 2012. / 28" May 2012

KVAROVI HIDRAULICNIH SUSTAVA I UREPAJA BRODSKOG
POGONA

HYDRAULIC SYSTEMS AND EQUIPMENTS FAILURES OF SHIP
MACHINERY

SAZETAK

Odrzavanje brodskog pogona zasniva se na planu
odrzavanja temeljenog na podacima dobivenim od
proizvodaca. Najveca se paznja posvecuje odrzavanju
komponenti brodskih sustava koje su znacajne za
sigurnost i operaciju. Brodski hidraulicni sustavi i
uredaji nisu znacajni za sigurnost i operaciju brodskog
pogona te se najcesce izostavijaju iz periodicnih
sustavnih pregleda. Iz toga razloga u ovome su radu
prikazani neki od kvarova hidraulicnih sustava i
uredaja te nacin njihovog otklanjanja. Uzroci
nastajanja kvarova hidraulicnih sustava uglavnom
mogu biti: konstrukcijski, proizvodni i eksploatacijski.
Pojava buke, visoke temperature fluida i pad snage u
brodskom  hidraulicnom sustavu su medusobno
povezane pojave koje dovode do kvara. Prikazana su
ostecenja  klipova aksijalno-klipnog  hidraulicnog
stroja nastala uslijed pada viskoznosti ispod granicnih
vrijednosti. Kako bi se smanjio nastanak kvarova
preporucuje se ugradnja alarma visoke temperature i
shut down sustava. Prijedlog autora je da se optimiza-
cija troskova odrzavanja brodskih hidraulicnih sustava
brodskog pogona moze posti¢i boljom edukacijom i
organizacijom posade u svrhu efikasnijeg otklanjanja
kvara.

Kljuéne rijeci: brodski pogon, odrzavanje, kvarovi,
brodski hidraulicni sustavi i uredaji

SUMMARY

Maintenance of the ship machinery is based on the
maintenance plan built on data supplied by the
manufacturer. The greatest attention is oriented
towards maintaining the components of marine
systems that are of great significance for safety and
operation. Marine hydraulic systems and equipments
are not important for the safety and operation of the
ship machinery and are usually omitted from the
periodic systematic review. For this reason, this paper
presents some of the failures of the hydraulic systems
and equipments and the ways of correcting them. The
main causes of the hydraulic systems failures can
generally be: design, production and exploitation. The
appearance of noise, high fluid temperature and power
decrease in the ship’s hydraulic system are interrelated
phenomena that lead to failure. As it is displayed,
damages of pistons of the axial-piston hydraulic
machine appear due to the viscosity decrease below the
limiting values. The installation of high temperature
alarms and shutdown systems is proposed to reduce
the occurrence of failures. The author suggest that
optimization of the maintenance costs of the marine
hydraulic systems of the ship machinery can be
achieved through better education and organization of
the crew in order to eliminate the abruption more
effectively.

Key words: ship machinery, maintenance, failures, marine
hydraulic equipments and systems
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1. UVOD

Svrha suvremenog odrzavanja brodskog po-
gona je odrzati projektiranu pouzdanost, raspo-
lozZivost i stupanj korisnog djelovanja uz Sto ma-
nje troskove. Od pravilnog odrzavanja brodskih
sustava zavisi njegov pouzdani dugotrajni rad.
Neplanirani zastoji i havarije, koji mogu nastati
uslijed neodgovaraju¢eg odrzavanja, mogu
stvoriti dodatne troskove. Svaki sat zastoja bro-
dovlasniku nosi velike troskove, a zadatak
stru¢njaka odrzavanja je uciniti sve da do neo-
Cekivanog zastoja ne dode ili da se vrijeme za-
stoja smanji. Problemi na koje suvremeno odr-
Zavanje treba dati odgovore sve su brojniji i
slozeniji, te se zahtijeva znanstveni pristup nji-
hovom rjeSavanju.

Komponentama brodskih sustava koje su
znacajne za sigurnost i operaciju brodskog po-
gona posvecuje se najveca paznja u odrzavanju.
Prema [1] komponente znacajne za sigurnost
SSI (Safety Significant Items) sastoje se od
komponenata kriticne funkcije sigurnosti SF
(Safety Function), sigurnosnog procesa SP (Sa-
fety Process) i nadzora sigurnosti SK (Safety
Keeping). Komponente znacajne za operaciju
OSI (Operation Significant Items) obuhvacaju
opremu ¢iji kvar moze imati direktni udar na
operativne troSkove.

Brodski hidrauli¢ni sustavi su sloZeni tehnic-
ki sustavi kojima tijekom eksploatacije niz ¢im-
benika ugrozava pouzdani i dugotrajni rad, a
njihovo odrZavanje temelji se na planu odrzava-
nja zasnovanog na podacima dobivenim od
proizvodaca. Komponente hidrauli¢nih sustava
1 uredaja nisu znacajne za sigurnost i operaciju
brodskog pogona te se izostavljaju iz periodic-
nih sustavnih pregleda, kako posade broda i
predstavnika brodovlasnika, tako i predstavni-
ka klasifikacijskih druStava. Iz toga razloga cilj
je ovoga rada ukazati na kvarove hidraulicnih
sustava i uredaja te njihovo otklanjanje.

2. ANALIZA KVAROVA I MOGUCA
PREVENCIJA HIDRAULICNIH
SUSTAVA 1 UREDAJA BRODSKOG
POGONA

Prema [2] kvar se moZe definirati kao presta-
nak sposobnosti nekog elementa da izvrSava za-
htijevanu funkciju. Postoji viSe kriterija na

osnovi kojih se mogu klasificirati kvarovi. Krite-
riji za klasifikaciju mogu biti uzrok nastajanja

1. INTRODUCTION

The purpose of modern ship machinery main-
tenance is to keep the projected reliability, avail-
ability and the level of yield with the reduced
cost. A dependable and long-lasting marine sys-
tem functioning depends on a proper mainte-
nance. Unplanned outages and disasters that
may occur due to improper maintenance can
create additional costs. Every hour of delay car-
ries great costs to the ship-owner, and mainte-
nance expert’s task is to do everything to prevent
unexpected delays and to reduce downtime.
Problems to which modern maintenance should
provide answers for are numerous and complex
and solving them requires a scientific approach.

The greatest attention is directed to the
maintenance of marine systems components
which are significant for the safety and opera-
tion of the ship machinery. According to [1],
components important for the safety SSI (Safe-
ty Significant Items) consist of the components
of the safety critical function SF (Safety Func-
tion), of the safety processes SP (Safety Proc-
ess) and of the safety control SK (Safety Keep-
ing). Components relevant to the OSI
operation (Operating Significant Items) include
equipments whose failure could have a direct
impact on the operational costs.

Marine hydraulic systems are complex tech-
nical systems whose reliable and long-term op-
eration is threatened by numerous factors dur-
ing exploitation and their maintenance is based
on a maintenance plan based on the data sup-
plied by the manufacturer. The components of
the hydraulic systems and equipments are not
relevant to the safety and operation of the ship
machinery and are, therefore, omitted from pe-
riodical systematic checking of both the ship’s
crew and the ship-owner representatives, as
well as of the representatives of the classifica-
tion societies. For this reason, this paper aims
at pointing out the failures of hydraulic systems
and equipments and their elimination.

2. FAILURE ANALYSIS AND
POSSIBLE SHIP MACHINERY
HYDRAULIC SYSTEMS AND
EQUPMENTS PREVENTION

According to [2], failure can be defined as
the lack of ability of a certain element to per-
form a required function. There are several cri-
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kvara, intenzitet, vanjska manifestacija (ocigle-
dan ili prikriven kvar), veza s drugim kvarovima
(zavisni ili nezavisni kvar) itd. U radovima
[1...7] prikazana je op¢a podjela kvarova u zavi-
snosti od karaktera tipi¢nih uzroka za tehnicke
sustave, koji su primjenjivi i za brodske hidrau-
licne sustave. Uzroci nastajanja kvarova hidrau-
licnih sustava uglavnom su konstrukcijski (di-
rektne pogreske konstruktora), proizvodni
(pogreske u izradi i montazi) i eksploatacijski.

Buka, visoka temperatura fluida i pad snage
u brodskom hidraulicnom sustavu su pojave
koje dovode do funkcionalnog kvara. Pojava
buke u hidraulicnom sustavu nastaje kao rezul-
tat ulaska zraka, odnosno prisutnosti mjehurica
zraka apsorbiranih u fluidu koji se tlace ili ek-
spandiraju. Prisutnost zraka ubrzava starenje
ulja i uzrokuje oStecenja komponenti sustava,
smanjenjem mazivih svojstava, pregrijavanjem i
oStecenjem brtvila. Zrak ulazi u hidrauli¢ni su-
stav na pozicijama najnizih tlakova. Posebna
pozornost pri odrZavanju mora se obratiti na
spojeve. Kod izmjena ili popravaka elemenata
hidrauli¢énog sustava mora se osigurati dobra
dotegnutost svih spojeva. Ulaz zraka je moguc i
kroz brtvenicu osovine pumpe ulja, gdje dolazi
do pada tlaka i nastajanja mjehuri¢a pare. Me-
dutim, ulaskom fluida s mjehuri¢ima u podruc-
je viSeg tlaka, nastaje implozija mjehurica i do-
lazi do oStecenja povrSina hidraulicnog sustava
i stvaranja buke. Ovi simptomi se najcesée po-
javljuju u pumpama, posebno ako je na usisnoj
liniji pumpe prljav filtar.

Temperature fluida iznad 80°C oStecuju brtve
Sto dovodi do ubrzanog starenja radnog fluida.
Isto tako, visoka temperatura smanjuje visko-
znost potrebnu za adekvatan rad svih kompo-
nenti sustava. Da bi se ogranicio utjecaj povise-
nja temperature obicno se u sustave ugraduju
alarmi visoke temperature.

Pad snage ili performansi je indikacija posto-
janja nekih od kvarova u sustavu. Pad snage
manifestira se u duzem trajanju radne operacije
od uobicajenog vremena. U slucaju pada snage
ili smanjene brzine vrtnje hidraulicnog stroja
radi se o smanjenom protoku ulja, koji moze
nastati kao rezultat unutarnjih ili vanjskih pro-
pustanja. Ukoliko se radi o vanjskim propusta-
njima relativno se lako uocava lokacija kvara.
Unutarnja propustanja je teze otkriti, te se u
tim slucajevima koriste neke od kompleksnijih
metoda dijagnostike primjerice radioaktivno is-
pitivanje ili infracrvene kamere. Unutarnja pro-
pustanja mogu se dogadati unutar hidrauli¢nih

teria on the basis of which failures can be classi-
fied. The criteria for such a classification can be
the cause of failure formation, intensity, exter-
nal manifestation (obvious or concealed fail-
ure), relation with other failures (dependent or
independent failure), etc. In papers [1...7], a
general failure classification is shown depend-
ing on the character of the technical systems
typical causes, that are also applicable to the
marine hydraulic systems. The causes of the hy-
draulic system failures are mainly of the struc-
tural (direct constructors’ faults), manufactur-
ing (defects in the design and installation), and
exploitation nature.

Noise, high fluid temperature and power de-
crease in the ship’s hydraulic system, are a phe-
nomena that lead to functional failure. The ap-
pearance of noise in the hydraulic system is a
result of the air entrance, or better yet, the pres-
ence of absorbed air bubbles in the fluid that are
compressed or expanded. The presence of air
accelerates oil aging and causes the systems’
component damage by reducing the lubricating
properties, overheating and seals damaging. Air
enters the hydraulic system on the positions of
the lowest pressure. Special attention during
maintenance must be paid to pipelines and cou-
plings. All couplings must be well tightened
while alternating or repairing hydraulic system
elements. The air inlet is possible through the oil
pump shaft stuffing box where pressure drop
and vapor bubbles are formed. However, the en-
trance of the fluids with bubbles into s higher
pressure area results in an implosion of bubbles
and leads to the hydraulic systems’ surface dam-
age and noise creation. These symptoms usually
appear in pumps, especially if the filter on the
pump suction line is filthy.

Fluid temperatures above 80°C damage a
seal which leads to an accelerated aging of the
working fluid. Likewise, high temperature re-
duces the viscosity required for a proper opera-
tion of all of the systems’ components. High
temperature alarms are usually built in to limit
the impact of the temperature increase.

A power or performance drop is an indication
failure in the system. A power drop is manifest-
ed in a much longer than standard duration of
the working operation. In case of a power drop
or a reduced hydraulic machines’ rotation speed,
a reduced oil flow occurs, as a result of internal
or external leakages. When external leakages
are concerned, it is relatively easy to note the lo-
cation of the failure. Internal leakages are more
difficult to detect, and in these cases, some of
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pumpi, razvodnika, ventila ili motora. Pri pro-
pustanju fluida dolazi do pada tlaka, a istovre-
meno i do porasta temperature. Buka, poveca-
nje temperature i pad snage su znacajke koje su
medusobno povezane i utjecu jedna na drugu.

Jedna od najvaznijih i najznacajnijih parame-
tara pri radu i opsluzivanju hidrauli¢nih sustava
i uredaja je poznavanje radnog temperaturnog
raspona. Radna temperatura je obrnuto raz-
mjerna viskoznosti. Smanjenje mazivih svojsta-
va, kao 1 troSenje dinamickih komponenti unu-
tar hidrauli¢nog sustava direktno je ovisno o
promjeni viskoznosti.

Da bi odrzali temperaturu fluida i potrebnu
viskoznost izmedu zadanih parametara potreb-
no je:

* definirati potrebnu temperaturu i viskoznost
fluida, odnosno gornju i donju optimalnu i
dopustenu vrijednost u odnosu na tempera-
turu okoline u kojoj sustav funkcionira

* odabrati odgovarajuce ulja i

* osigurati odrzavanje zadanih optimalnih i
dopustenih vrijednosti temperature i visko-
znosti.

Proizvodaci hidraulicne opreme odreduju
dopustene i potrebne vrijednosti viskoznosti. U
tablici 1. prikazane su minimalne i maksimalne
optimalne i dopusStene vrijednosti viskoznosti
fluida hidrauli¢nih uredaja. Optimalne vrijed-
nosti viskoznosti se krecu izmedu 36¢St do
16cSt, Sto odgovara radnoj temperaturi od 55°C
do 78°C. Interval dopustenih vrijednosti je zna-
¢ajno $iri, no maksimalni vijek trajanja lezajeva
bit ¢e ostvaren ukoliko su radni parametri blizu
25 ¢St 1 65°C.

the more complex methods, such as radioactive
diagnostic tests or infrared cameras, are used.
Internal leakages can occur inside hydraulic
pumps, cursors, valves or motors. During the flu-
id leakage, pressure drop and temperature rise
can occur at the same time. Noise, temperature
rise and power fall are features that are simulta-
neously interrelated and influence each other.

One of the most important and the most sig-
nificant parameters during the hydraulic sys-
tems and equipments operation and servicing is
to know the operating temperature range. The
operating temperature is inversely proportional
to viscosity. Reducing the lubricating proper-
ties, as well as the dynamic components wear
off within the hydraulic system is directly de-
pendent on the change in viscosity.

To maintain the fluid temperature and the
required viscosity between the specified param-
eters, it is necessary to:

* define the required temperature and fluid vis-
cosity, i.e. the upper and lower optimum and
permissible value in relation to the ambient
temperature in which the system operates,

* choose the right oil and

* ensure the maintenance of the given opti-
mum and permissible values of temperature
and viscosity.

The hydraulic equipment manufacturers es-
tablish permissible and required viscosity val-
ues. Table 1 shows the minimum and maximum
optimum and permissible viscosity fluid values
of hydraulic machines. The optimum viscosity
values range between 36 ¢St and 16 cSt, which
corresponds to the operating temperature rang-
ing from 55°C to 78°C.

Tablica 1. Podrucje viskoznosti fluida od minimalne do maksimalne dopustene vrijednosti [§]
Table 1 Area of fluid viscosity ranging from minimum to maximum permissible values [8]

Vrijednost viskoziteta St Temperatura
Value of viscosity Temperature
Minimalna dopustena o
Minimum permissible 10 95°C
Minimalna optimalna 16 789C
Minimum optimum

Optimalni vijek trajanja leZaja 75 65°C
Optimum bearing life

Mak.51malna thlmalna 36 550C
Maximum optimum

Mak.51malna dopu§tena 1,000 200
Maximum permissible
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Smanjenje nastanaka kvarova i oStecenja,
kao posljedica prekoracenja podrucja minimal-
nih i maksimalnih vrijednosti viskoznosti i tem-
perature, moze se postiéi monitoringom i
ugradnjom odgovarajucih elemenata automat-
ske regulacije, npr.:

* alarma visoke temperature pri kojoj viskoz-
nost pada ili raste izvan optimalnih vrijedno-
sti

* zaustavljanje sustava pri visokoj temperaturi
uslijed koje viskoznost pada izvan dopusStene
vrijednosti

* zaustavljanje sustava pri niskoj temperaturi
uslijed koje prelazi maksimalnu vrijednost vi-
skoznosti.

U tablici 1. vidimo raspone minimuma i mak-
simuma optimalnih i dopustenih vrijednosti vi-
skoznosti. To znaci da hidrauli¢ni fluid tijekom
operacije ima promjenljivu viskoznost u ovisno-
sti o temperaturi. U slucajevima znacajnijih za-
grijavanja fluida moZe doc¢i do pada viskoznosti
na opasnu razinu ispod minimalne dopustene
vrijednosti, a s time i do mogucih znacajnijih
oStecenja unutar hidrosustava. Sustav u takvim
okolnostima mora imati moguénost brzog odgo-
vora i na eventualne poremecaje i brzo reagirati.

Na slici 1. prikazana su oStecenja klipova ak-
sijalno-klipnog hidrauli¢nog stroja koja su na-
stala uslijed pada vrijednosti viskoznosti ispod
donje granicne vrijednosti. Zlatna boja naslaga
vidljivih na tijelu hidraulicnog stroja su dokaz
da je fluid radio na viSim temperaturama od

The interval of permissible values is signifi-
cantly wider, but the maximum bearing life will
be achieved if the operating parameters are
close to 25 ¢St and 65°C.

The reduction of failures and damages, as a
result of exceeding the area of the minimum and
maximum viscosity and temperature values, can
be achieved by monitoring and installing appro-
priate elements of automatic regulation, e.g.:

* high temperature alarms which influence the
viscosity decrease or increase beyond opti-
mum values,

* system blockage at a high temperature which
influences the viscosity to fall beyond permi-
ssible values,

* system blockage at a low temperature at whi-
ch it exceeds the maximum value of viscosity.

Table 1 shows the minimum and maximum
ranges, optimum and permissible viscosity val-
ues. This means that the hydraulic fluid during
operation has a variable viscosity depending on
the temperature. A dangerous level, below the
minimum permissible value, can be reached in
case of a significant fluid heating which can
lead to possible significant damages within the
hydro-system. In such circumstances, the sys-
tem must be able to act rapidly to eventual dis-
ruptions and to react quickly.

Figure 1 shows piston damages of an axial-
piston hydraulic machine, which appeared dur-
ing the viscosity value drop below the lower
limit value. Gold paint layers, visible on the
body of the hydraulic machine, are the proof

Slika 1. OStecenje klipova aksijalno-klipnog hidrauli¢nog stroja [9]
Figure 1 Damage to pistons of the axial-piston hydraulic machines [9]
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Slika 2. Odvajanje klipa od ¢ahure [10]
Figure 2 Separation of the piston from the sleeve bearing [10]

svog dopustenog podrudja. Uslijed visokih tem-
peratura i pada viskoznosti ulja izvan dopuste-
nih granica, izmedu klipova i stijenki cilindara
pojavljuje se vece trenje, koje ima za posljedicu
zaribavanja klipova u cilindrima, Sto je dovelo
do lomova klipova na svojim najslabijim tocka-
ma.

Ugradnjom alarma 1 logike za iskljucivanje
sustava moze se utjecati na rano uocavanje ne-
pravilnosti i sprjecavanje havarije.

Kontrola radne temperature zahtijeva po-
znavanje temperaturnog raspona u kojem su-
stav smije raditi. Ugradnjom alarma operateri-
ma je olakSano uocavanje kriticnog stanja u
slu¢ajevima promjene temperature izvan dopu-
Stenih granica.

Na slici 2. prikazan je klip s deformiranom
¢ahurom koja se odvojila od klipa hidrauli¢ne
pumpe. Izdvajanje ¢ahure od klipa dolazi usli-
jed povecanja vakuuma u usisnom vodu i dina-
micki promjenjivog vla¢nog opterecenja. U
ovom slucaju, kada dode do odvajanja klizaca s
¢ahurom od Cela klipa zbog visokog tlaka fluida
na izlazu iz pumpe, dolazi do kvara sa znacaj-
nim oStecenjima Citave pumpe. Obicno su aksi-
jalno-klipni strojevi s nagibnim rotorom nesto
otporniji na udarna opterecenja.

Zbog relativno visoke specifi¢ne snage, aksi-
jalno-klipni hidrauli¢ni strojevi imaju Siroku
primjenu. Odlikuju se kompaktnom konstruk-
cijom, visokim radnim tlakom, velikim raspo-
nom kapaciteta i pogodnom konstrukcijom za
primjenu sustava za upravljanje kapacitetom i
smjerom rotacije. Proizvode se kao pumpe i
motori, pri ¢emu su pumpe najcesce u podesi-
voj izvedbi. Motori se izvode podjednako u po-
desivoj i nepodesivoj varijanti. Dijele se na: ak-
sijalno-klipne strojeve s nagibnom plo¢om i
aksijalno-klipne strojeve s nagibnim rotorom.

that fluid was working at higher temperatures
than that of its optimum and permissible area.
A more intensive friction, outside the permissi-
ble limits, is formed between the piston and the
cylinder plate due to high temperatures and oil
viscosity drop, resulting in the seizure of pistons
in the cylinder and thus leading to piston frac-
tures at their weakest points.

The installation of alarms and shut down sys-
tem logic can have an influence on the early de-
tection of irregularities and on the prevention
of averages.

To control the operating temperature re-
quires a good knowledge of the temperature
range which the system is allowed to work in.
By installing the alarm, the detection of a criti-
cal situation is made much easier for the opera-
tors in case of a change in the temperature be-
yond permissible limits.

Figure 2 shows a piston with a deformed
sleeve bearing that has been separated from the
hydraulic piston pump. The separation of the
piston sleeve occurs due to the vacuum increase
in the suction line and to the dynamically varying
tensile load. In this case, when the separation of
the slider with a cocoon from the piston fore-
head due to high fluid pressure at the pump out-
let occurs, a failure with significant damages to
the whole pump is the result. Usually, the axial-
piston machines with rotor tilting are somewhat
more resistant to impact loads.

Because of the relatively high specific power,
the axial-piston hydraulic machines are widely
used. They feature in a compact design, high op-
erating pressure, a wide range of capacities and
structure suitable for the implementation of the
capacity and rotation direction management sys-
tem. They are manufactured as pumps and mo-
tors, where the pumps are usually produced in
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Obje su konstrukcije u biti sline i sastoje se od
kudista u kojem rotiraju i u kojem se uzduz osi
rotacije nalaze cilindri s pripadnim klipovima.
Kao i kod radijalno-klipnih strojeva, radi izbje-
gavanja mrtvog polozaja konstruira se stroj s
neparnim brojem cilindara. Spomenuti aksijal-
no-klipni hidrauli¢ni strojevi nasli su veliku pri-
mjenu u brodskom pogonu, primjerice kod Fra-
mo sustava [11..13].

Zupcaste pumpe su najmanje osjetljive na
pojavu prevelikog vakuuma na usisnoj strani
pumpe. Unato¢ toj Cinjenici dokazano je da
uslijed onecisCenja usisnog filtra te pojavom
povecanog vakuuma, dolazi do ubrzane oksida-
cije ulja.

U mnogim hidraulicnim sustavima postoje
usisni filtri dovoljno grube finoce tako da ne
dolazi do znacajnijeg pada tlaka. Uz filtar mora
biti i paralelni obilazni cjevovod s nepovratnim
ventilom kako bi sprijecio pad tlaka i otezano
strujanje u slucaju jaceg oneciscenja filtra.

Pad performansi hidraulicnih strojeva je
znak da nesto nije u redu s radom sustava (npr.
hidrauliéni motor sporije radi). PropuStanje
ulja unutar hidraulicnog sustava direktno utje-
¢e na brzinu vrtnje, a onda i na snagu hidraulic-
nog motora. Protok fluida unutar hidraulicnog
sustava moze biti smanjen uslijed vanjskih 1
unutarnjih propustanja. Unutarnja propusta-
nja, kao $to je prije spomenuto, mogu se odvija-
ti unutar pumpi, motora, razvodnih ventila te ih
je zbog toga mnogo teze pronaci.

U praksi se ulja najées¢e mijenjaju prema rad-
nim satima. Bilo bi potrebno i ekonomski isplati-
vo vrSiti analizu hidraulicnog ulja i prema rezul-
tatima analize definirati je li ulje za izmjenu ili
ne. Situacija je uglavnom sli¢na i s izmjenama fil-
tarskih ulozaka. Ukoliko se filtarski ulozak mije-
nja na osnovi radnih sati, najvjerojatnije ¢e se
dogoditi prerana ili prekasna izmjena. Ukoliko
prerano izmijenimo filtarski ulozak, bezrazlozno
tro§imo novac, a da filtarski ulozak nije jo$ do-
voljno zaprljan koliko bi mogao biti, te i dalje
vrsi svoju funkciju. Prekasnim izmjenama fluida
dopustamo necistoCama da vrSe svoj negativan
utjecaj na sustav.

Vazni koraci za nadzor i prevencije brodskih
hidrauli¢nih sustava uredaja su:

1. KoriStenje infracrvenih termometara, s obzi-
rom da se tako lako nadziru sve potrebne
tocke unutar sustava. Za nadzor odabiremo
pozicije koje inace nisu lako dostupne.

an adjustable version. Motors are produced both
in the adjustable and non adjustable version.
They are divided into: axial-piston machines
with tilting plate and axial-piston engines with
tilt-rotor. Both structures are essentially similar
and they consist of a casing in which they rotate
and in which there are cylinders with associated
pistons located along the axis of rotation. As in
the radial-piston machines, in order to avoid a
dead position, a machine with an odd number of
cylinders is constructed. The mentioned axial-
piston hydraulic machines have found an exten-
sive application in the ship’s propulsion, for ex-
ample in the Framo system [11..13].

Gear pumps are the least sensitive to the oc-
currence of high vacuum on the suction side of
the pump. Despite this fact, it has been proven
that an accelerated oil oxidation occurs due to
the contamination of the suction filter and to
the appearance of an increased vacuum.

In many hydraulic systems, there are suction
filters of a sufficient coarse fineness so that
there is no significant pressure drop. A parallel
bypass line with a check valve must be con-
structed to prevent the pressure drop and a
heavier flow in case of greater filter pollution.

The performance drop of hydraulic machines
is a sign that something is wrong with the sys-
tem (e.g., hydraulic motor is slower). The leak-
age of oil within the hydraulic system directly
affects the speed of rotation and then the pow-
er of the hydraulic motor. The flow of fluid in-
side the hydraulic system can be reduced due to
external and internal leaks. Internal leakage, as
mentioned before, can take place inside the
pumps, motors, regulation valves and this
makes them harder to find.

In practice, oil is often changed according
to the working hours. It would be necessary
and economically profitable to analyze the hy-
draulic oils, and to define whether to change
the oil or not according to the results ob-
tained. The situation is mainly similar to the
changes of filter cartridges. If the filter car-
tridge is changed based on the working hours,
it is more than likely that a too early or too
late change will happen. If the filter cartridge
is changed too early, money is uselessly spent,
and the filter cartridge is not even dirty
enough, as it could be, to still continue per-
forming its function. With too late fluid chang-
es, impurities will perform their negative im-
pact on the system.
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2. Oznake stalnih tocaka za mjerenje na po-
drucju spremnika ulja. Vazno je voditi racu-
na da ocitanja uvijek budu na istom mjestu.

3. Mjerenje temperature ulja na ulazu i izlazu iz
rashladnika ulja.

4. Ugradnja manometra za mjerenje tlaka (mje-
renje razlike tlaka na ulazu i izlazu iz filtara).

Odredeni broj kvarova i oStecenja na ele-
mentima sustava nastaje kao rezultat nepozna-
vanja, neiskustva, ali i zanemarivanja procedu-
re pri puStanju u pogon, posebice nakon
opseznijih remonta ili vecih popravaka.

Pogreske pri uhodavanju ili startanju uredaja
obi¢no nastaju kao rezultat kavitacije, prisutno-
sti zraka ili nedovoljnog podmazivanja. Cesto se
takva oSteenja ne pokazu odmah, ve¢ nakon
stotina ili tisu¢a radnih sati.

Ovisno o vrsti sustava, tipu ugradene opre-
me, detaljizirane procedure mogu biti isporu-
¢ene i od proizvodaca. Medutim, za veliku ve-
¢inu sustava postoje univerzalne procedure
koje su svakako temelj za odredivanje standarda
pri upucivanju.

Stanje komponente hidrauli¢nih uredaja i su-
stava mijenja se kao funkcija eksploatacije (Sli-
ka 3). Pretpostavlja se da je stanje komponente
dobro u trenutku kada je pustena u rad — ozna-
¢eno na slici kao pocetno stanja. Ono se pogor-
Sava kako se vrijeme eksploatacije povecava, a
kada stanje komponente prede prag upozore-

Important steps in the supervision and pre-
vention of marine hydraulic system equipments
are:

1. the use of infrared thermometers, as they are
so easy to monitor all necessary points within
the system. The usually not easily available
positions are selected for supervision.

2. fixed points labels for the measurement of
the oil tank. It is important to ensure that
readings are always in the same place.

3. measuring the oil temperature at the inlet
and outlet of oil cooler.

4. installation of a pressure gauge for measur-
ing pressure (pressure differential at the en-
trance and exit of the filters).

A certain number of failures and damages to
system elements occur as a result of ignorance,
inexperience, and neglecting the starting proce-
dure, especially after extensive overhaul or ma-
jor repairs.

Errors during running-in or starting the device
usually occur as a result of cavitations, of the
presence of air or insufficient lubrication. These
damages are often not visible immediately, but
after hundreds or thousands of working hours.

Depending on the type of the system, type of
the equipment installed, detailed procedures
can be delivered from the manufacturer. How-
ever, for most systems, universal procedures ex-
ist that are certainly the basis for determining
standards at running-in.

| pocetno stanje
initial condition

potencijalni kvar
potential failure

funkcionalni kvar
Sfunctional failure

stanje komponente
condition components

vrijeme do kvara
time to failure

vrijeme reakcije
reaction time

vrijeme operacije
during the operation

Slika 3. Stanje komponente
Figure 3 Components condition
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Tablica 2. Odnos izmedu predvidljivosti i zakona kvara [1]
Table 2 Relation between predictability and law of failure [1]

Stopa hazarda Opis Predvidljivost
The hazard rate Description Predictability

DFR /CER FMCC? sa smanjujuc¢om ili konstantnom stopom kvara nikakva (p = 0)
FMCC with a declining or constant failure rate null (p = 0)

FMCC pokazuje povecavajucu stopu kvara

niska (0 < p < 0,5)

TFR FMCC shows an increasing failure rate low (0 <p <0,5)
Znacajni IFR FMCC pokazuje znacajno povecavajucu stopu kvara visoka (0.5 < p=<1)
Significant IFR FMCC shows a significantly increasing rate of failure high (0.5 < p=<1)

nja, zvan potencijalni prag, to je znak za poce-
tak kvara. Kada stanje performansi padne ispod
korektnog funkcioniranja (na slici oznaceno
kao otkazno stanje), dogada se funkcionalni
kvar. Ako se ne primijeni kontinuirani monito-
ring stanja, nemoguce je odrediti tocno vrijeme
potencijalnog ili funkcionalnog kvara. Da bi se
odredio stupanj pogorsanja i vrijeme reakcije,
potrebno je ugraditi jedan sofisticirani sustav
dijagnostike stanja, ali troSkovi bi bili visoki.
Upravo zbog toga pozeljno je pogorsanje stanja
pratiti putem inspekcije, koja se postize koriste-
¢i ocekivano vrijeme reakcije, Sto se moze pro-
cijeniti u konzultacijama s ekspertima.

Predvidljivost (p) kvara komponenata hidra-
uli¢nih uredaja se definira prema (1) u interva-
la od (0,1). Predvidljivost pokazuje kako je mo-
guce predvidjeti vrijeme do kvara ili vrijeme
izmedu kvarova. Predvidljivost ovisi o srednjem
vremenu izmedu kvarova MTBF! i standardnoj
devijaciji o [1].

1- :0 < MTBF
p={ MTBF , 1)

0 ;0=MTBF

I Srednje vrijeme izmedu kvarova MTBF (Mean Time
Between Failures) primjenjuje se za komponente koje se
mogu popraviti (BS 4778).

2 Kombinacija mod kvara/uzrok FMCC (Failure Mode/Cau-
se Combinations). Mod kvara predstavlja odstupanja od spe-
cifikacije na najnizoj razini funkcionalnog rastavljanja. Npr.
troSenje, blokiranje, zaglavljivanje, labavljenje, gubitak geo-
metrije, savijanje, lomovi, pukotine itd.

The condition of hydraulic equipments com-
ponents and systems is changing as a function of
exploitation (Figure 3). It is assumed that the
components are in a good condition at the time
of putting into operation, indicated in the figure
as an initial condition. It gets worse as the time
of exploitation increases, and when the state of a
component exceeds the warning threshold called
the potential threshold, that is a sign of an early
failure. When the performance falls below the
state of a correct functioning (marked as normal
condition on figure 3), a functional failure oc-
curs. If there is no continuous monitoring, it is
impossible to determine the exact time of a po-
tential or functional failure. To determine the
degree of deterioration and the reaction time, it
is necessary to incorporate a sophisticated diag-
nostics system, and the cost would be high.
Therefore, it is advisable to monitor the deterio-
ration through inspection, which is achieved by
using the expected reaction time, which can be
assessed in consultation with experts.

The predictability (p) of the hydraulic devic-
es components failure can be defined by (1) in
the interval of (0.1). Predictability shows that it
is possible to predict time until failure or time
between failures. Predictability depends on the
Mean Time between Failures MTBF' and the
standard deviation o [1].

1- :0 < MTBF
p={ MTBF , (1)

0 ;0=MTBF

! Mean time between failures MTBF is applied to components
that can be repaired (BS 4778).

2 The Failure Mode/Cause Combination (FMCC). The mode
of failure is a deviation from the specification at the functio-
nal decomposition lowest level.. For example: wear and tear,
freezing, jams, loosening, loss of geometry, bending, cracks,
crevices, etc.
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Predvidljivost kvara takoder pokazuje je li
stopa kvara u padu DFR?, konstantna CFR* ili
se povecava IFR® (Tablica 2), odnosno je li po-
naSanje kvara prikladno da bi bilo kontrolirano
pomocu periodi¢nih akcija. Ako je stopa kvara
u padu ili konstantna, predvidljivost je nikakva,
periodi¢no odrZavanje je neefikasno u takvim
slucajevima. Periodi¢no preventivno odrzava-
nje moze se izabrati u slucaju visoke predvidlji-
vosti, koja odgovara Weibullovoj raspodjeli s
parametrom oblika f = 2. Odnos izmedu para-
metra oblika £ i predvidljivosti p prikazana je u
tablici 3.

Parametar oblika f Weibullove raspodjele
ima pozitivnu vrijednost i odreduje oblik funk-
cije gustoce vjerojatnosti f(¢). U [14] prikazane
su orijentacijske vrijednosti parametra oblika f
za strojarsku opremu i komponente. Iz podata-
ka se moze uociti velika razlika izmedu najvece
i najmanje vrijednosti parametara, npr. za vijak
£ =0,5.... 10, a predlaze se § = 3. Predlozene
vrijednosti parametra oblika za komponente
krecu se od f = 1(koSuljica lezaja, magnetske
spojke) do S = 2,5 (vijci, zup€ane spojke, hidra-
uli¢ni cilindri, pumpe), dok za instrumente
p = 1. Iz podataka proizlazi da se pravi odgovor
za stanje hidrauli¢nih sustava i uredaja moze
dobiti samo snimanjem hidraulicne opreme za
vrijeme eksploatacije. To govori da krivulja kade
na svom srednjem dijelu ne pokriva kvarove
elemenata hidrauli¢nih uredaja i sustava, osim
za elektronicke uredaje.

Parametar ¢, je pomak ili parametar ulaza
(Threshold Parameter), a katkada se zove zaga-
rantirano vrijeme (Guarantee Time), vrijeme
slobodno za kvar (Failure-Free-Time) ili mini-
malni vijek (Minimum Life) [15]. Ako je ¢, > 0,
onda je pocetak funkcije gustoce vjerojatnosti
f(t) (Weibull PDF- Probability Density Func-
tion) za ¢, desno od ishodista. Slucaj ¢, > 0 po-

The predictability of failure also indicates
whether a failure rate is decreasing DFR’,
whether it is constant CFR* or whether it is in-
creasing IFR’ (Table 2), or whether the behav-
ior of failure is appropriate to be controlled by
means of periodic actions. If the failure rate is
decreasing or constant, the predictability is low,
and the periodic maintenance is inefficient in
such cases. The periodic preventive mainte-
nance can be selected in case of a high predict-
ability which corresponds to the Weibull distri-
bution with a parameter of type f = 2. The
relation between parameter type f and predict-
ability p is shown in Table 3.

The parameter of type f of the Weibull dis-
tribution has a positive value and determines
the shape of the density function probability
f(t). In [14] the recommended values for the f
type parameter for mechanical equipment and
components are shown. A great difference be-
tween the maximum and minimum value of the
parameters can be seen from the data, e.g. for
screw f# = 0.5 .... 10, while = 3 is suggested.

The proposed values of the components
shape parameter range from f = 1 (sleeve
bearing, magnetic coupling) to g = 2.5(3)
(screws, gear couplings, hydraulic cylinders,
pumps), and for the instruments f = 1(1.1).
The data have shown that a right answer for the
state of hydraulic systems and devices can be
obtained only by recording the hydraulic equip-
ment during exploitation. This suggests that the
curve in its middle part does not cover failures
of the elements of hydraulic devices and sys-
tems, except for electronic instruments.

The parameter ¢, is a shift or input parameter
(Threshold Parameter), sometimes called guar-
antee time (Guarantee Time), failure free time
(Failure-free Time) or minimum expectancy
(Minimum Life) [15]. If ¢, > 0, then the begin-
ning of the probability density function is f(z)

* Smanjenje stope kvara DFR (Decreasing Failure Rate) ka-
rakterizira burn-in kvarove. Novi uredaj u pocetku operacije
moze zakazati relativno brzo zbog pogresaka u dizajnu, izradi
ili montazi. Ako komponenta prode ovo razdoblje, smatramo
da nema ocitih pogresaka. Burn-in razdoblje se ¢esto provodi
u tvornici (pokusi sa strojem). O burn-in kvarovima se brine-
mo za vrijeme garancije. Hazardna stopa pada. Procijenjeni
p=03— (1

* Konstantna stopa kvara CFR (Constant Failure Rate) ka-
rakterizira koristan radni vijek. Nema znacajne promjene u
stopi kvara. Slucajni kvarovi u ovom razdoblju nastaju zbog
visoke temperature, vibracije ili opterecenja. Procijenjeni pa-
rametar oblika f = 1.

5 Povecavajuca stopa kvara IFR (Increasing Failure Rate) ka-
rakterizira kvarove zbog procesa pogorSanja (starenja). Stopa
hazarda raste, a procijenjeni parametar oblika iznosi f = 1) — 2.

3 The Decreasing Failure Rate (DFR) is characterized
by burn-in failures. A new device at the beginning of the
operation may fail relatively quickly due to errors in the
design, manufacture or assembly. If the component passes this
period, we believe that there are no evident errors. The burn-
in period is often performed at the factory (experiments with
the machine). The care of burn-in failures is taken during the
warranty period. Hazard ratio falls. Estimated f = 0.3 — (1.

4 The Constant Failure Rate CFR is characterized by a
useful workspan. There are no significant changes in the
rate of failure. Random failures occur in this period due to
high temperature, vibration or load. The estimated shape
parameter § =1.

5> The Increasing Failure Rate (IFR) is characterized by failures
due to the deterioration process (aging). The hazard rate
increases and the estimated shape parameteris f = 1) — 2.
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Tablica 3. Odnos izmedu parametra oblika § i predvidljivosti p [1]
Table 3 The relationship between the shape parameter 5 and the predictability p [1]

p P
0<p<1 null : 0
1<p<2 low: 0) — = 0.5 (0.48) Fortz, =0
2<p high: 0.5 — 1

kazuje da ne moZe doci do kvara dok ne prode
neko vrijeme. Zbog toga se ¢, zove parametar
garancije (Guarantee Parameter). Predvidanja
minimalnog vijeka mogu se dobiti kroz inter-
vjue s ekspertima. Medutim, kako su slucajni
kvarovi prisutni tijekom cijelog rada sustava, a
odgovori eksperata su uglavnom nesigurni,
moze se sa sigurnoScu pisati da je ¢, = 0.

Tri karakteristiéna primjera funkcija gustoce
vjerojatnosti prikazana su na slici 4. Krivulja A
je raspodjela vremena do kvara s uskom disper-
zijom raspodjele. Ovo znaci da se moze postici
visoka pouzdanost kod predvidanja vremena do
kvara. Krivulja B pokazuje Siru raspodjelu, kri-
vulja C je slicna eksponencijalnoj raspodjeli
gdje nije moguce pouzdano predvidjeti vrijeme
do kvara.

Znacenje ucinka kvara komponenti hidrau-
licnih uredaja i sustava moze biti smanjeno mo-
difikacijom instalirane komponente. Promjena
geometrije instalirane komponente mijenja po-
nasanje kvara, a moZe rezultirati razliitim
ucincima kvara i razli¢itim znacajem.

Predvidljivost (p) u analizi rizika kvara poka-
zuje je li ponasanje kvara prikladno da bi bilo

(Weibull PDF- Probability Density Function))
for ¢, on the right from the starting point. The
case 7, > 0 indicates that there can be no failure
until after some period of time. Therefore, the
parameter f, is called Guarantee Parameter.
The predictions of a minimum lifespan can be
obtained through interviews with experts. How-
ever, as random faults are present throughout
the entire running of the system, and the ex-
perts’ answers are generally uncertain, it is sure
enough to note z, = 0.

Three typical examples of the probability
density functions are shown in Figure 4. Curve
A is the allocation of time up to the failure with
narrow distribution dispersion. This means that
a high reliability in predicting time up to the
failure can be achieved. Curve B shows a wider
distribution, the curve C is similar to the expo-
nential distribution where it is not possible to
reliably predict the time up to the failure.

The significance of the failure impact of hy-
draulic equipments and systems components
can be reduced by modifying the installed com-
ponents. By changing the geometry of the in-
stalled components, the behavior of failure is
changed, but it can also result in different ef-
fects of failure and in different character.

- A - znacajni [FR
= A - significant IFR
C - DFR
—
to t
_> 4_

Slika 4. Karakteristicni oblici raspodjele raspona vijeka
Figure 4 Typical forms of distribution of the screw lifespan
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kontrolirano pomoc¢u periodi¢nih akcija. Pred-
vidljivost pokazuje mogucénost predvidanja
(ocekivanja) TBF (Time Between Failure) ili
TTF (Time to Failure). Prema [1] ako je ucesta-
lost kvara u padu (DFR - Decreasing Failure
Rate) ili konstantna (CFR — Constant Failure
Rate) predvidljivost je nikakva (p = 0, f < 11
t, = 0). Periodi¢no odrzavanje je neefikasno u
takvim slucajevima, stoga se nece dodati nizu
efikasnih politika odrzavanja. Isto tako, ako je
predvidljivost niska (0 <p < 0,5, 1 < f < 2i
t, = 0) moze se razmotriti periodi¢no preven-
tivno odrzavanje. Medutim, prikladnije je pre-
ventivno odrZavanje prema stanju (On — Condi-
tion PM). Periodi¢no preventivho odrzavanje
(Periodic PM) odabire se u slucaju visoke pred-
vidljivosti (znacajno IFR, p > 0,5). Visoka
predvidljivost odgovara Weibullovom parame-
tru oblika g > 2, ako je ¢, = 0.

3. ZAKLJUCAK

Odrzavanje brodskog pogona temelji se na
planu odrzavanja zasnovanog na podacima do-
bivenim od proizvodaca. Od pravilnog odrzava-
nja brodskog pogona zavisi njegov pouzdani
dugotrajni rad. Neplanirani zastoji i havarije,
koji mogu nastati uslijed neodgovarajuceg odr-
Zavanja, stvaraju dodatne troSkove. Najveca se
paznja posveCuje odrzavanju komponenti
brodskih sustava koji su znacajni za sigurnost i
operaciju brodskog pogona. Komponente hidra-
uli¢nih sustava i uredaja nisu znacajne za sigur-
nost i operaciju brodskog pogona te se izostav-
ljaju iz periodi¢nih sustavnih pregleda, kako
posade broda i predstavnika brodovlasnika,
tako i predstavnika klasifikacijskih drustava. Iz
toga razloga potrebno je ukazati na kvarove hi-
drauli¢nih sustava i uredaja i njihovo otklanja-
nje.

Buka, visoka temperatura fluida i pad snage
u brodskom hidraulicnom sustavu su znacajke
koje dovode do kvara. Pad snage hidromotora
je indikacija da postoji kvar u sustavu. Manife-
stira se u duZem trajanju radne operacije od
uobicajenog vremena ili padom brzine vrtnje
hidromotora. Smanjeni protok ulja moze nastati
kao rezultat unutarnjih ili vanjskih propustanja.
Unutarnja propustanja mogu se dogadati unu-
tar hidraulicnih pumpi, razvodnika, ventila ili
motora. Pri propustanju fluida dolazi do pada
tlaka, a istovremeno i do porasta temperature.
Buka, povecanje temperature i pad snage su

Predictability (p) in the risk analysis shows
whether the failure is appropriate to be con-
trolled by means of periodic actions. Predicta-
bility shows the possibility of prediction (expec-
tation) TBF (Time Between Failure) or TTF
(Time To Failure). According to [1], if the fail-
ure rate decreases (DFR - Decreasing Failure
Rate) or is constant (CFR - Constant Failure
Rate) there is no predictability (p = 0, f < 1
and ¢, = 0). The periodic maintenance is ineffi-
cient in such cases, and, therefore, it will not be
added to a series of effective maintenance poli-
cies. Furthermore, if the predictability is low (0
<p=05,1<p<2andt,=0)a periodic pre-
ventive maintenance can be considered. How-
ever, preventive maintenance is more appropri-
ate according to the condition (On - Condition
PM). The periodic preventive maintenance
(Periodic PM) is selected in case of high pre-
dictability (IFR significant, p> 0.5). High pre-
dictability corresponds to Weibull shape pa-
rameter f = 2, where 7, = 0.

3. CONCLUSION

Maintenance of the ship machinery is based
on a maintenance plan based on the data sup-
plied by the manufacturer. A reliable long-term
operation of the ship machinery depends on its
regular maintenance. Unplanned outages and
disasters that may occur due to improper main-
tenance create additional costs. The greatest
attention is paid to maintaining the compo-
nents of marine systems that are important for
the safety and operation of the ship machinery.
The components of hydraulic systems and
equipments are not relevant to the safety and
operation of the ship machinery and are omit-
ted from the periodic systematic checkups of
the ship’s crew and the ship-owner representa-
tives, as well as representatives of the classifica-
tion societies. For this reason, it is necessary to
point out the failures of hydraulic systems and
equipments and eliminate them.

Noise, high fluid temperature and power
drop in the ship’s hydraulic system are features
that lead to failure. Drop in hydro power is an
indication that there is a failure in the system.
It is manifested by a longer duration of the
working operation from the usual time or by
the decrease in the speed of the hydraulic mo-
tor rotation. A reduced oil flow can occur as a
result of the internal or external leakage. Inter-
nal leakage can occur within a hydraulic pump,
slide valve, valve or motor. Fluid leakage simul-
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znacajke koje su medusobno povezane i utjecu
jedna na drugu. Zbog utjecaja povisene tempe-
rature potrebno je u hidraulicne sustave ugra-
diti alarme visoke temperature.

Optimizacija troSkova brodskih hidrauli¢nih
uredaja i sustava moze se postici boljom eduka-
cijom i organizacijom posade u svrhu efikasnijeg
otklanjanja kvara. Povremeno podesavanje inter-
vala odrzavanja u realnoj situaciji ili eksploataci-
ji, doprinosi smanjenju troSkova u zZivotnom ci-
klusu. Od strane brodara, odnosno operatera
hidrauli¢nih uredaja i sustava takoder bi bilo po-
trebno kroz analizu zastoja (evidentiranih ciklu-
sa kvarova), vremena rada i stajanja (vrijeme re-
monta) do¢i do najjednostavnijeg principa
odrZavanja.
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