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UPRAVLJANJE KVALITETOM ULJA U

1. UVOD

ENERGETSKIM POSTROJENJIMA

Sazetak

Kao dio ukupne proaktivne strategije, posljednjih se godina u
energetskim postrojenjima uvodi on-line pracenje kvalitete ulja
(senzori oneciScéenja ¢vrstim cesticama i vodom) koji omogucuje
pravodobno upozoravanje korisnika ha probleme u sustavu.

Kruzenje cvrstih ¢estica u hidraulickom sustavu dovodi do
oStecenja povrSine uzrokujuéi osnovna mehanicka troSenja
(abrazija, erozija i povrSinski zamor). Vlaga, kada prodre u
hidraulicka ulja, ali i opcenito u ulja za podmazivanje, ima
degradirajuci efekt istodobno i na ulja i na stroj. OneciSc¢enje
hidraulickog ulja vodom izaziva brojne teSkoce kao Sto su:
istroSenost aditiva, starenje i oksidacija ulja, pojava korozije na
elementima sustava, pojava pjenjenja ulja, smanjenje debljine
uljnog filma, pojava kiselih produkata starenja ulja, uljni mulj ...
Ove tesSkoce se lako smanjuju ili u potpunosti iskljucuju
primjenom kontinuiranog nadzora koji upucuje na pravodobno
poduzimanje mjera za njihovo otklanjanije.

Program upravljanja kvalitetom ulja u primjeni uvazava
aktualne tehnicke standarde i mjerne metode iz podrucja
dijagnostike stanja hidraulickih sustava. On-line monitoring
kvalitete ulja samo je dio sveobuhvatnog programa upravljanja
kvalitetom ulja u primjeni, koji je podijeljen na nekoliko specificnih
elemenata, podjednako bitnih za njegovo uspjesno provodenije.

U radu su prikupljena i prikazana dugogodiSnja iskustva odrzavatelja, proizvodaca
hidraulicke opreme i ulja, servisera i znanstvenika razli¢itih profila i ugradena
najnovija tehni¢ka rjeSenja koja se iz dana u dan potvrduju u praksi. Brzi napredak
dijagnostiCke i servisne opreme uvjetovan je upravo zahtjevima industrije za
povecanjem raspolozivosti i pouzdanosti postrojenja. Brojna istrazivanja i znanstveni
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radovi potvrduju da se sustavnim pristupom ovoj problematici ostvaruju znacajne
uStede u pogonskim troskovima. Posljednjih godina svjedoci smo uvodenja razliitih
programa pracenja kvalitete ulja razvijenih u skladu s pojedinacnim potrebama.
Iskustva pokazuju da primjena tehnologije praé¢enja kvalitete hidrauli¢kih ulja i ulja za
podmazivanje u kratkom vremenu omoguéuje stvaranje uvjeta za postizanje
znacajnih usteda tijkom duZeg razdoblja eksploatacije ulja. Kombinacijom poznatih
iskustava mogucée je stvoriti optimalan program upravljanja kvalitetom ulja u
primjeni.

Vrednovanje postoje¢ih programa dovodi do izrade specificnih preporuka za
poboljSanje — od nabave ulja do faze testiranja, uvodenja i primjene novih mjera — iz
kojih ¢e nastati efikasan i koristan program.

Slika 1: Mjerna oprema s osjetnikom oneciS¢enja
Figure 1: Contamination measuring equipment with sensor
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2. PRACENJE ILI MONITORING ONE CISCENJA

Kruzenje ¢&vrstih Cestica u hidraulickom sustavu dovodi do oStecenja povrSine
uzrokuju¢i osnovna mehanic¢ka troSenja (abrazija, erozija i povrSinski zamor).
TroSenje izaziva formiranje velikog broja novih Cestica ako se «lanana reakcija
troSenja» ne drzi pod nadzorom. Povecavaju se zraCnost, gubici strujanja (leakage) i
upravljaCka nepreciznost, te smanjuje operativha ucinkovitost (na primjer: crpki).
Lan€ana reakcija troSenja svakodnevno prisutna u hidrauli¢kim sustavima mora se
prekinuti i staviti pod kontrolu uvodenjem pravilno projektiranih i dimenzioniranih
filtarskih sustava. Na taj nacin korisnik dobiva joS jedno jamstvo da nezeljene
Cestice necée prodrijeti u sustav za vrijeme montaze i instalacije sustava. Prodor
necisto¢a ne samo da moze izazvati prethodna oSteéenja sustava, nego i prerano
dovesti do loma i ispada. Uvodenjem pracéenja ili monitoringa onecisc¢enja (osjetnik
oneciscenja ili senzor kontaminacije - slika 1) moZe se pod kontrolu staviti najveci
dio oneciS¢enja Cvrstim Cesticama nastalim za vrijeme proizvodnje, montaze ifili
remonta. Praé¢enje oneciS¢enja Siri se do provjere ¢istoce svih proizvoda i postupaka
koji mogu biti povezani s nekim proizvodnim procesom.

1.1. Uspostavljanje specifikacija  €Cisto ée
U specifikacijama cisto¢e obuhvaceni su sljedeéi parametri:

1. Ciljevi specifikacije Cistoce

2. Primjenjivost (obiljezja sustava)

3. Sirenje inspekcije i testiranja, inspekcijski i testni ciklusi
4. Uzorkovanje

5. Metoda analize

6. Metoda vrednovanja

7. Tocénost

8. Analiza koriStenih fluida

9. Dokumentacija

10. Grani¢ne vrijednosti
Ovakva specifikacija mora se naciniti individualno za svaki sustav, pri ¢emu ¢e se u
obzir uzeti najbitniji razmatrani parametri. Upute za rad koje se bave uzorkovanjem,
analizama i vrednovanjem metoda moraju biti detaljno opisane, tako da se uvijek
osigura uniformno uzorkovanje. Dodatno, rezultati analiza ovise o analitickoj metodi.
Dokumentaciju treba ustrojiti na nacin koji ¢e osigurati laku dostupnost rezultata.
Primjer specifikacije Cistoée:
Cilievi specifikacije  ¢isto ée. Cilj uvodenja specifikacija Cistoce je postici
konstatntnu razinu Cisto¢e u sustavu x.
Primjenjivost (obiljezja sustava). Specifikacije se primjenjuju na sustav x
ukljuéujuéi njegove dijelove a, b i c. Sire se na sve komponente bez obzira na izvor
dobavlja¢a. Takoder specificira radne tekucine uzimajuci u obzir njihovu Cistocéu.
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Sirenje inspekcije i testiranja, inspekcijski i testni cik lusi. Analiza Cistoce
cjelokupnog sustava nakon montaZe provodi se nekoliko dana prije puStanja u
pogon kako bi se ostavilo dovoljno vremena za poboljSanje stanja. Optimalna
kontrola cistoce fluida trebala bi se provoditi kontinuirano, Sto povecéava investicijske
troSkove.

Uzorkovanje. Uzorci trebaju biti uzeti na mjestima utvrdenim inspekcijskim planom
ili direktnim priklju¢ivanjem opreme u sustav.

Metoda analize. Za kontrolu Cistoce komponenata sustava koristi se metoda
ispiranja («flushinga»), pri ¢emu se komponente i cijeli sustav zagrijavaju iznad
normalne radne temperature, kako bi se osiguralo Sto bolje odvajanje necistoca i
taloga zaostalih u sustavu nakon montaze. PovrSine komponenata koje su u
kontaktu s uljem ispiru se (cirkuliraju) uljem poznatog razreda &istoce, kako bi se
pocetne i naknadno izmjerene vrijednosti mogle usporedivati i davati ocjena o stanju
Cistoce nakon montaZze. Reprezentativni uzorci uzimaju se na toc¢no specificiranim
mjernim toCkama. Ako se radi o statitkom uzorkovanju (bez tlaka), treba voditi
racuna da je na tom mjestu ve¢ postignut efekt ispiranja, odnosno da je stati¢ki test
odredivanja koliine cCestica ispranih iz sustava uslijedio nakon kvalitetno
provedenog dinami¢kog ispiranja. Na primjer, uzimanje uzorka iz spremnika na
mjestu povratnog voda, nakon Sto je sustav cirkuliran zagrijanim uljem nekoliko sati.
Metoda vrednovanja. Odabir metode vrednovanja nuzno je vezan uz stupanj
razvoja mjerne metode koja se primjenjuje. Razlika tezine izmedu osusSene, Ciste i
oneciS¢ene mikrofiltarske membrane koju uzimamo kao kriterij kod gravimetrijske
metode (ISO 4405) ne govori nam niSta o veli¢ini i porijeklu onecis¢enja ili
kontaminacije, ve¢ samo o0 njezinoj ukupnoj koli¢ini. Sljedec¢i stupanj je brojanje
zadrZzanih cestica pod mikroskopom (ISO 4407) po njihovoj najvecéoj dimenziji
(izmijeri).

Danasnje vrednovanje stupnja oneciS¢enja ili kontaminacije ulja i kodiranje razreda
Cistoce provodi se najcéeSce u skladu sa standardima 1SO 4406:1999, NAS 1638 ili
SAE AS 4059, primjenom automatskih elektronic¢kih brojaca Cestica.

Toé€nost. Tocnost i ponovljivost rezultata mjerenja kod gravimetrijske (1ISO 4405) i
mikroskopske (ISO 4407) metode moze hiti uvjetovana subjektivnom pogreSkom
mjeritelja. Kod automatskih brojaca Cestica ova pogreSka gotovo je isklju¢ena. Za
postizanje Sto viSeg stupnja pouzdanosti potrebno je redovito provoditi rekalibriranje
uredaja umjeravanjem s referentnim uredajima certificiranim od Drzavnih ureda za
normizaciju i mjeriteljstvo. Izvor pogresSke moZze biti jedino loSe uzorkovanje, ako se
provodi staticki.

Analiza koriStenih fluida. Podrazumijeva redovite analize fizikalno-kemijskih
svojstava fluida (viskoznost, neutralizacijski broj, sposobnost izdvajanja zraka, ic
spektroskopija...). Upravljanje oneciS¢enjem bez ovih analiza je besmisleno. Iz
prakse je poznat kataliticki utjecaj Cvrstih Cestica i vlage na degradaciju aditiva i
starenje ulja, pa je ove mehanizme potrebno staviti u uzroéno-posljedic¢ni slijed.
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Dokumentacija. Rezultate analiza potrebno je unositi u unaprijed definirane
obrasce, koji ¢e omoguéavati brz i jednostavan pristup povijesnim podacima.
Graniéne vrijednosti. Za sva mjesta primjene potrebno je utvrditi granic¢ne
vrijednosti razine oneciS¢enja u hidraulickom sustavu koje su joS prihvatljive za
dugotrajan rad opreme. U razmatranje svakako treba uzeti zahtjeve najosjetljivijih
komponenata u sustavu, ali i moguénosti postoje¢e opreme i troSkove.

3. ONECISCENJE HIDRAULI CKE TEKU CINE VODOM

Hidrauli¢ko ulje se vrlo lako onecisti vodom. Do oneciSéenja dolazi zbog razlicitih,
brojnih razloga koji su povezani sa samim proizvodnim procesom.

Najveci izvor opasnosti predstavlja voda, koja u sustave prodire na razlicite nacine:
* kroz odzracne filtre,
» zbog oStecéenih i nefunkcionalnih elemenata proizvodnog sustava,

e zbog nastanka kondenzata u spremniku hidraulickog sustava, kao
posljedice razlike temperature u atmosferi i proizvodnoj okolini.
Oneciscéenje hidraulickog ulja, tlaénog ili onog za podmazivanje, vodom izaziva
brojne teSkoc¢e kao Sto su: istroSenost aditiva, starenje i oksidacija ulja, pojava
korozije na elementima sustava, pojava pjenjenja ulja, smanjenje debljine uljnog
sloja, pojava kiselih produkata starenja ulja, uljni mulj... Ove teSkoce se lako
smanjuju ili u potpunosti isklju€uju povremenim ili stalnim nadzorom.

3.1 To€ka zasi éenja — fizikalno svojstvo iskoriSteno za on-line pra éenje
sadrzaja vode u ulju

Kao dio ukupne proaktivne strategije, posljednjih se godina u energetskim
postrojenjima uvodi on-line monitoring sadrZzaja vode u ulju koji omogucuje
pravodobno upozoravanije korisnika na probleme u sustavu (Aqua Senzor - slika 2).
Vlaga, kada prodre u hidrauli¢ka i maziva ulja ima degradirajuci efekt istodobno i na
ulja i na stroj. Neki aditivi veZu na sebe vodu i izdvajaju se zajedno s vodom pri
njezinom odvajanju iz ulja. Na zivotni vijek ostalih aditiva utjeCu kemijske reakcije
uzrokovane vodom. Voda izaziva oksidaciju ulja, koroziju povrSina stroja u dodiru s
uljem i smanjuje kriticnu debljinu nosivog uljnog sloja kod lezaja. U cjelini, voda
predstavlja stvaran rizik za opremu i njezina prisutnost mora se bezuvjetno staviti
pod kontrolu.

Voda koegzistira s uljem u otoplienom i slobodnom stanju. Kada su pojedine
molekule vode rasporedene u ulju, zbog samog afiniteta ulja za privlacenjem vode,
voda je u otopljenom stanju. Brojni faktori kao viskoznost, vrsta i stanje baznog ulja,
mehanicke necistoce i vrsta aditiva odreduju koja ¢e se koli¢ina ulja «otopiti» u vodi.
Kada je ulje «otopilo» svu koli¢inu vode pri odredenoj temperaturi, ono je zasiceno.
Otopliena voda ne stvara znacajnije negativne ucinke na stroj i ulje. Kada ulju
zasi¢enom vodom pada temperatura, dolazi do kondenzacije vode koja se pojavljuje
u slobodnom stanju. Ova tocka zove se rosiSte. Slobodna voda je drugo stanje u
kojem voda koegzistira s uljem. Voda je u slobodnom stanju kada su neotopljene,
kuglaste nakupine vode fiziCki suspendirane u ulju. Velike nakupine imaju tendenciju

gorivai mazva, 43, 6 : 331-345, 2004. 335



Upravljanje kvalitetom ulja... B. Antolovi¢

talozenja na dnu spremnika. Emulzije su stabilna stanja fizicke koegzistencije
kemijski netopljivinh supstancija, kao ulja i vode. Aditivi i mehani¢ka onecisS¢enja koja
snizavaju povrSinsku napetost ulja mogu posluziti kao agensi koji ¢e stabilizirati
emulziju. Slobodna i emulgirana voda predstavlja najvecu opasnost za stroj i ulje i
mora se staviti pod strogi nadzor.

Slika 2: Uredaj Aqua senzor
Figure 2: Aqua Sensor
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Postoji viSe nacina odredivanja prisutnosti vode u ulju, no veéina njih je slozena,
skupa i neprikladna za primjenu u terenskim uvjetima. Posljednjih godina u primjenu
se uvodi nova tehnologija mjerenja postotka zasicenja ulja kao kvantitativna metoda
pracenja sadrzaja vode u ulju. Vecina laboratorija provodi mjerenja sadrzaja voda u
ppm (parts per million) ili volumnim postocima koriste¢i Karl Fischer metodu, koja ne
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moze utvrditi razliku izmedu vezane, slobodne i emulgirane vode. Korisnici
postavljaju graniéne vrijednosti koristeéi Karl Fischer metodu i poduzimaju aktivnosti
kada ih dosegnu. Upravo zbog c&injenice da najviSe Stete prouzroéi slobodna i
emulgirana voda, moderni pristupi uvode opremu koja mjeri postotak (%) zasi¢enja
ulja vodom, kako bi se prisutnost vode u ulju odrzavala u koncentracijama koje
odgovaraju njezinom, relativho neSkodljivom, vezanom ili otopljenom stanju.

4. KONCEPCIJA PROGRAMA UPRAVLJANJA KVALITETOM
ULJA U PRIMJENI

Program upravljanja kvalitetom podijeljen je na nekoliko specifi¢nih elemenata, koji
su svi podjednako bitni za njegovo uspjeSno provodenje. U pocéetku se analiziraju
postojeci programi pra¢enja podmazivanja. Nakon toga slijedi vrednovanje svakog
elementa, kako bi se odredile dobre i loSe strane postoje¢eg programa. Rangiranje
pojedinih elemenata provodi se na nacin da se elementi usporeduju jedan s drugim
medusobno, odnosno kako se pojedini od njih odnosi s najboljim potvrdenim
primjerom iz prakse. Kljuéni elementi koji se vrednuju, s kratkim opisom svakog od
njih, navedeni su u nastavku.

Norme, pribavljanje, uvo denje i osiguranje kvalitete. Tehni¢ke norme koje se
odnose na sve aspekte uvodenja i primjene ulja revidiraju se i vrednuju kako bi se
utvrdila njihova primjenjivost. Takoder, broj razli¢itih vrsta ulja treba zadrzati u
razumnim granicama zbog efikasnosti sustava kontrole kvalitete (ga).

Skladistenje i rukovanje. Prakti¢ni aspekti skladiStenja, uvanja i rukovanja uljima
uklju€eni su kako bi se jasno pokazalo kakve se uStede mogu ostvariti kada je ulje
odgovaraju¢e kvalitete pravodobno dostupno, odnosno kako izbjeéi primjenu
kontaminiranih ulja koja mogu dovesti do oSte¢enja opreme.

Tehnike uzorkovanja. Pregled tehnika uzorkovanja potreban je kako bi se
osiguralo uzimanje reprezentativnih uzoraka. Mjesto uzorkovanja, nacin uzimanja
uzorka, smjernice, obu€avanje i pravilna uporaba posuda za uzorkovanje takoder su
uklju€eni u vrednovanije.

Kontrola one éiséenja. Cesto su ulja uskladistena u prostorima ili se koriste u
uvjetima u kojima su lako podloZna utjecaju prljavstine i vlage. Briga u cilju zastite
Obuavanje, osposobljenost, certifikacija. Program upravljanja kvalitetom traZi
sposobne pojedince kako bi se osigurala njegova efikasnost. Metode obucavanja,
osposobljavanja i certifikacije moraju biti nedvosmisleno odredene.

Analiza fizikalno-kemijskih svojstava ulja. Za svako uljno punjenje koje ¢e biti
podvrgnuto monitoringu potrebno je odabrati ispitni laboratorij koji ¢e provoditi
analize fizikalno-kemijskih svojstava ulja. Uzorci se moraju redovito analizirati u
suradnji s proizvodacima ulja ili drugim odabranim laboratorijima, a rezultati moraju
biti pravilno vrednovani. Moraju se uspostaviti odgovarajuéi ciljevi i granice.
Upravljanje programom. Za dobro upravljanje programom istovremeno je potrebno
tehni¢ko znanje i dobra komunikativhost angaziranih pojedinca ili grupe. Jasno
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definirane uloge i odgovornost zajedno s toéno fokusiranim ciljevima, opsegom i
mjerama osigurat ¢e dobre rezultate.

Procedure, smjernice. Razvoj i aplikacija procedura i smjernica pomoc¢i ¢e
osiguranju pravilne i konzistentne primjene programskih elemenata.

Ciljevi i odrednice programa. VaZzZno je da program ima tocne ciljeve i odrednice
do koje mjere se ostvaruju postavljeni ciljevi. Primjeri ciljeva su: traZzena razina
oneciSc¢enja (razred Cistoe), smanjivanje zastoja, izbjegavanje zamjene ulja...
Sigurnosne postavke. Sigurnost je uvijek klju€ni faktor koji se mora uzeti u obzir u
svakom programu. Sigurnosni listovi za ulja moraju biti prisutni, gubici ulja se moraju
sigurno prihvatiti (skupiti), moraju se poduzeti sve mjere kako se ne bi pojavila
opasnost za zdravlje zbog nepravilnog rukovanja uljima.

Kontinuirano unapre denje. Unapredenje programa se mozZe provoditi primjenom
kontinuirane samokontrole i upravljanja ciljevima programa. Kada se postignu ciljevi
kao na primjer: razina kontaminacije, smanjenje zastoja ili neki drugi, mogu se
postaviti joS osStriji zahtjevi. Pri provedbi programa temelijenog na proaktivnom
razmiSljanju lakSe ¢e se razumijeti ocekivanja korisnika i neprekidno podizati
kvaliteta usluge.

5. ZAKLJU CAK

On-line pracenje kvalitete ulja samo je dio sveukupnog programa upravljanja
kvalitetom ulja u primjeni i podijelien je na nekoliko specificnih elemenata,
podjednako bitnih za njegovo uspjesno provodenije.

Jedan od elemenata je izbor tehni¢kih normi koji se odnose na sve aspekte
uvodenja i primjene ulja. Odabir standardnih analitickih metoda koje ée se koristiti za
pracenje stanja ulja u sustavima nuzno je vezan uz stupanj razvoja mjerne metode
koja se primjenjuje i dostupnost opreme kojom se analize provode. Unapredenje
programa se moZze provoditi primjenom kontinuirane samokontrole i upravljanja
cilievima programa.
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OIL QUALITY MANAGEMENT IN ELECTRIC
POWER PLANTS

Abstract

As a part of total proactive maintenance strategy, last few
years on-line oil quality monitoring systems (contamination and
water sensors) were successfully introduced in electric power
plants. They enable user to be warned in time to problems in
system.

Particulate contamination - presence and circulation of
particles in a hydraulic system leads to surface damages causing
basic mechanical wear (abrasion, erosion and material fatigue).
When moisture penetrates into hydraulic and lubricating oils, it
has degradable effect, both to the oil and to the machine.
Contamination of hydraulic oil with water causes numerous
difficulties such as: additives degradation, oil oxidation and
ageing, corrosion, oil foaming, oil film thickness decrease, oil
sludge... These problems can be easily solved by implementation
of continuous control which warns maintenance staff to perform
activities which eliminate cause.

Oil quality management programme in praxis takes into
consideration actual technical standards and measuring methods
in the field of hydraulic systems analysis. Through effective
management of the root causes of failure, including a major
focus on on-line monitoring, we can substantially reduce the
frequency of unscheduled shutdowns.

1. INTRODUCTION

Tha paper encompasses and presents long-term experience of maintenance staff,
producers of hydraulic equipment and oils, servicing staff and scientists of various
profiles, building it into the latest technical solutions being daily confirmed in
practice. Fast development of diagnostic and service equipment has been
conditioned by requirements on the part of the industry for expanding plant
availability and reliability. Numerous researches and scientific papers confirm that a
systematic approach to the issue enables major savings of plant expenditures. Over
the past years, we have witnessed the introduction of various programs of
monitoring the quality of oils developed in keeping with individual needs. Experience
has shown that the application of technology of monitoring the quality of hydraulic
and lubricating oils enables over a short period of time the creation of conditions for
reaching major savings over a prolonged period of oil service. Through a
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combination of known experience, it is possible to create an optimal program of oil
guality management in application.

Evaluation of existing programs leads to the elaboration of specific improvement
reccomendations — from oil purchase to the phase of testing, introduction and
application of new measures — evolving into an efficient and useful program.

2. CONTAMINATION MONITORING

The circulation of solid particles within a hydraulic system leads to surface damage
by causing basic mechanical wear (abrasion, erosion and surface fatigue). Wear
causes the formation of a large number of new particles unless the «wear chain
reaction» is kept under control. Increased are aeration, leakage and management
imprecision, while the operational efficiency (of e.g. the pipes) is reduced. The wear
chain reaction present daily within hydraulic systems must be stopped and put under
control through the introduction of properly designed and dimensioned filtering
systems. In this way the user obtains another guarantee that the unwanted
impurities will not penetrate into the system during its assembly and installation.
Penetration of impurities may not only cause preliminary system damage, but also a
premature breakdown and shutting off. By introducing contamination monitoring
(Contamination sensor - Figure 1 - page 332.) it is possible to put under control the
major part of contamination caused by solid particles generated during production,
assembly and/or overhaul. Contamination monitoring spreads to the testing of the
cleanliness of all products and procedures that may be connected to a given
production process.
2.1 Establishing Cleanliness Specifications
Cleanliness specifications include the following parameters:

1. Cleanliness specification objectives
Applicability (system properties)
Expanding inspection and testing, inspection and testing cycles
Sampling
Analysis method
Evaluation method
Accuracy
Analysis of used fluids
. Documentation

10. Limit values
This kind of specification must be made for each system individually, taking into
account the most significant parameters considered. Instructions for operation
dealing with sampling, analyses and evaluation of methods must be described in
detail, so that a uniform sampling is always ensured. In additon, analysis results
depend on the analythical method. Documentation needs to be organized in a way
ensuring an easy availability of results.

©oNOALDN
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An example of cleanliness specification:

Cleanliness specification objectives: The purpose of introducing cleanliness
specification is to achieve a constant cleanliness level in system x.

Applicability (system properties).  Specifications are applied on system x including
its parts a, b and c. They spread to all components, regardless of the supply source.
Also specified are the operating fluids, by taking into account their cleanliness.
Expanding inspection and testing, inspection and test cycles. Cleanliness
analysis of the entire system after assembly is performed several days before
putting on stream in order to leave enough room for possible improvements. Optimal
control of fluid cleanliness should be performed continuously, which increases the
investment costs.

Sampling. Samples should be taken on spots identified by inspection plan or by
direct inclusion of equipment into the system.

Analysis method. For the cleanliness control of system components the flushing
method is used, heating components and the entire system above the normal
operating temperature, in order to ensure as good as possible a separation of
impurities and deposits left over in the system after assembly. The surfaces of
components in contact with oil are flushed (circulated) with oil of a known
cleanliness grade, enabling comparison of values measured and evaluation of
cleanliness after assembly. Representative samples are taken on precisely specified
measuring points. If it is a static sampling (without pressure), one must keep in mind
that the flushing effect has already been achieved on that spot i.e. that the statical
test of determining the volume of particles flushed from the system followed after a
good quality dynamic flushing. For instance, taking samples from the reservoir on
the spot of relay outlet, after the system was circulated by heated oil for a few hours.
Evaluation method. Choice of evaluation method is strictly associated with the
development level of the measuring method applied. Weight difference among dried,
clean and contaminated microfilter membrane taken as criterion with the gravimetric
method (ISO 4405) does not reveal anything about the size and origin of
contamination, but only its total volume. The next degree is the counting of particles
using the microscope (ISO 4407) after their greatest dimension (measuring result).
Today’s evaluation of oil contamination degree and coding of cleanliness grades is
performed mostly in keeping with standards 1SO 4406:1999, NAS 1638 or SAE AS
4059, by applying automatic electronic particle counters.

Accuracy. Accuracy and repeatability of measurement in gravimetric (ISO 4405)
and microscopic (ISO 4407) method may be conditioned by subjective error on the
part of the one performing the measurement. In case of automatic particle counters,
this error is practically excluded. In order to achieve a higher reliability degree, one
must regularly re-calibrate the device through gauging with referential devices
certified by the State Offices for Standardization and Metrology. The source of error
may be only bad sampling, if it is performed statically.
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Analysis of used fluids. It includes regular analyses of physico-chemical properties
of fluids (viscosity, neutralization number, air separation capability, infrared
spectroscopy...). Managing contamination without these analyses is futile. Practice
reveals the catalytic impact of solid particles and moisture on degradation of
additives and oil ageing, which is why these mechanisms need to be viewed in
terms of cause and effect.

Documentation. Results of analyses need to be entered into specified forms,
enabling fast and simple approach to historic data.

Limit values. For all application spots one must determine limit values of
contamination level in the hydraulic system still acceptable for a long-term
equipment operation. One must take into consideration requirements of the most
sensitive components in the system, along with the possibilities of the existing
equipment and expenses.

3. CONTAMINATION OF THE HYDRAULIC MEDIUM BY WATER

Hydraulic oil is very easily contaminated by water. Contamination is caused by
various numerous reasons associated with the production process itself. The
greatest source of danger is water, penetrating into the systems in various ways:

e through aeration filters,
e due to damaged and non-functional elements of the production system,

* due to creation of condensates in the reservoir of the hydraulic system, as
the result of temperature difference between the atmosphere and the
production environment.

Contamination of hydraulic oil (pressure or lubricating) by water causes many
difficulties, such as: additive wear, oil ageing and oxidation, corrosion appearance
on system elements, oil foaming, oil film thickness reduction, appearance of acid
products of oil ageing, oil sludge... These difficulties are easily reduced or eliminated
by occasional or permanent control.

3.1 Saturation Point — Physical Property Used for On-line Monitor ing of the Ol
Water Content

As a part of the total proactive strategy, over the past years, on-line oil water content
monitoring has been introduced into power plants, enabling a timely user warning of
the problems within the system (Aqua Sensor - Figure 2). Moisture, after penetrating
into hydraulic and lubricating oils, has a degrading effect on both oils and machinery.
Some additives bind water onto themselves and are isolated toghether with water
during its separation from oil. Service life of other additives is influenced by chemical
reactions caused by water. Water causes oil oxidation, corrosion of machinery
surfaces in contact with oil and reduces critical thickness of the bearing oil film. All in
all, water represents a genuine risk for the equipment and its presence must
absolutely be placed under control.

Water coexists with oil in dissolved and free form. When certain water molecules are
distributed in oil, due to the very oil's affinity for attracting water, water is in dissolved
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state. Numerous factors, such as viscosity, type and condition of base oil,
mechanical impurities and additive type determine the volume of oil to be dissolved
in water. Once the oil has dissolved all the volume of water at a given temperature, it
becomes saturated. Dissolved water does not bear any major negative impacts on
machine and oil. When the temperature of oil saturated with water drops, water
condensation appears in free state. This point is called the dew point. Free water is
another state in which water coexists with oil. Water is in free state when the
undissolved, ball-like accumulations of water are physically suspended in oil. Large
accumulations have the tendency of depositing on the bottom of the reservoir.
Emulsions are stable states of physical coexistence of chemically insoluble
substances, such as oil and water. Additives and mechanical impurities lowering
surface oil tension may serve as agents that will stabilize the emulsion. Free and
emulgated water represent the greatest danger for the machine and the oil and must
be placed under strict control.

There are several ways of determining water presence in oil, most of them being
complex, costly and improper for application under field conditions. Lately a new
technology has been introduced of measuring the percentage of oil saturation as a
guantitative method of monitoring the oil water content. Most laboratories perform
water content measurements in ppm (parts per million) or volume percentage using
the Karl Fischer method incapable of differentiating among bonded, free and
emulsified water. The users set limit values by using the Karl Fischer method and
undertake certain activities once they are reached. Due to the fact that most damage
is caused by free and emulsified water, modern approaches are introducing the
equipment measuring the percentage (%) of oil saturation by water, in order to keep
the oil presence in oil within concentrations matching its relatively unharmful bonded
(dissolved) state.

4. THE CONCEPT OF THE OIL QUALITY MANAGEMENT
PROGRAM IN APPLICATION

The quality management program is divided into several specific elements, all
bearing approximately the same importance for its successful implementation. At the
beginning, analyzed are the existing programs of lubrication monitoring. This is
followed by the evaluation of each element, in order to determine both good and bad
sides of the existing program. The ranking of individual elements is performed by
comparing the elements among themselves, i.e. by checking their individual
relations with the best confirmed example from practice. The key elements
evaluated are listed below, with short descriptions.

Quality standards, acquisition, introduction and assurance. Technical
standards referring to all the aspects of oil introduction and application are revised
and evaluated in order to determine their applicability. Also, the number of different
oil types needs to be kept within reasonable limits to ensure the efficiency of the
quality assurance (QA).
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Storage and handling. Practical aspects of storage, keeping and handling of oils
are included in order to clearly show the savings enabled by timely availabilty of the
correct quality oil, i.e. how to avoid the application of contaminated oils which may
lead to equipment damage.

Sampling techniques. The review of sampling techniques is necessary in order to
ensure the taking of representativs samples. The sampling spot, the manner of
taking samples, guidelines, training and correct use of sampling vessels are also
included into the evaluation.

Contamination control.  Qils are often stored in spaces or used under conditions in
which they are easily prone to the impact of dirt and moisture. Care directed towards
protecting oils against these and other contaminants is quickly justified in practice.
Training, professionalism, certification. Quality Management Program requires
capable individuals in order to ensure its efficiency. Methods of training and
certification must therefore be unequivocally specified.

Analysis of the physico-chemical properties of oil. Each oil fill which will be
subjected to monitoring must be assigned a test laboratory which will perform the
analyses of the physico-chemical properties of oil. Samples must be analyzed
regularly in co-operation with oil manufacturers or other selected laboratories, while
the results must be properly evaluated. Specific objectives and limits must be set.
Program management. Good program management requires both technical know-
how and good communication of the involved individuals or group. Clearly defined
roles and resposibility together with precisely focused objectives, scope and
measures shall ensure good results.

Procedures, guidelines. Development and application of procedures and
guidelines shall help ensure a proper and consistent application of program
elements.

Program objectives and guidelines. It is important for the program to have precise
guidelines. Examples of objectives are: requested contamination level (cleanliness
grade), standstill reduction, oil replacement avoidance...

Safety issues. Safety is always the key factor to be taken into account in any
program. Safety forms for oils must be available, oil losses must be safely collected,
all measures need to be undertaken in order to avoid any health hazards caused by
improper handling.

Continuous advancement.  Program advancement may be performed through
continuous self-control and program objectives management. When certain
objectives are reached, such as: contamination level, standstill reduction or some
other, still more stringent ones may be set. While implementing the program based
on proactive thinking, it will be easier to understand user expectations and
continuously raise service quality level.
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5. CONCLUSION

On-line oil quality monitoring is merely a part of the entire program of managing the
quality of oil in application, and it is divided into several specific elements of
approximately the same importance for its succesful implementation.

One of the elements is the choice of technical standards referring to all aspects of oil
introduction and application. The choice of standard analytical methods to be used
for the monitoring of oil condition in systems is strictly associated with the
development level of the measuring method applied and the availability of the
method used to perform the analyses. Program advancement may be achieved
through the application of continuous self-control and management of the program
objectives.
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