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Abstract. Often, maintenance managers face challenges inngakaintenance decisions due
to the lack of sufficient and accurate informatitits. not uncommon for the current problem to
be resolved, but the cause of the problem remaihi&h is why some types of failures often
recur, reducing the equipment availability and gatieg additional costs. To overcome these
challenges, modern maintenance principles are basethe application of the equipment
condition monitoring techniques. One of these teps is used oil analysis also known as
lubricant condition monitoring, which yields an iigist into the physical and chemical state of
the lubricating oil, as well as the condition oétmachine elements that come in contact with
oil during routine operation. To illustrate the béts of employing this technique, a case study
of asphalt paving machine is presented. In the shsdgy, four basic lubricant parameters
(viscosity, water content, solid particulate contand acid number) for the hydraulic system
were analysed. The results of the analysis showddes increase in the solid particles content,
due to which certain maintenance interventions talde taken to avoid failure of the system
and unnecessary maintenance costs. Also, by oitliton monitoring, after two years,
maintenance staff received information which is these for making a decision on the
appropriate replacement interval of hydraulic oil.

1. Introduction

Maintenance can be defined as a set of activitrasdaat retaining or restoring to the functionaitst

of any technical system to achieve its maximum wuyHKife. Traditionally, maintenance has been
considered as a necessary evil, but in fact it grddit centre rather than just unpredictable and
unavoidable expense [1]. Effective maintenancecjdi such as Condition Based Maintenance
(CBM), can significantly reduce failure rate whigdsulting in considerable savings of money, time
and company’s reputation in the market.

In a modern organization’s maintenance and opémgticondition monitoring plays a crucial role
in optimizing the maintenance activities, as a pdrian effective maintenance policy. Condition
monitoring ensures that maintenance decisions aderfrom substantive and corroborated diagnostic
information, thereby determining a basis for cd&taive and logical decision-making [2]. Thus,
condition monitoring and diagnostic technology aavadays extensively employed in numerous
industrial applications. The primary purpose ofaiion monitoring is to register any abnormalitads
working parameters of the machine before the foneli breakdown occurs. There are different
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condition monitoring techniques in use such asratibn monitoring, thermographic monitoring,
ultrasonic monitoring, lubricant analysis, visuaispection and others. Most of the condition
monitoring techniques to some extent are compliargrtb each other but very robust individually.

In this paper, in-service oil analysis or used iledding oil is advanced, to monitor the conditidrtie
hydraulic system fluid/lubricant during its opeoati Primary reason was to determine the most
appropriate interval for oil change, and the seaondeason was to determine if the lubricant in use
meets the lubricating requirements of the machiregpplication.

2. Methodology

This study incorporated a case study from the pmaw$truction company which has several equipment
that have recurrent failures in the hydraulic systeThe study was motivated by the concern of the
maintenance managers of the company on the freqwentring and expensive failures in the
hydraulic systems of their divergent equipment.ukégl, illustrated several steps to be taken in the
methodology.

Critical machines selection

|

Selection and testing lubricant
parameters

|

Data analysis

l

Maintenance decision support

Figure 1. Steps adopted in the methodology.

The first step incorporates the selection of thacat machines to investigate in the context of
maintenance. This was done by setting up a setectiterion consisting of factors to consider which
was jointly set up by the maintenance team andathieors. The second phase invoked investigations
to enable selection of the crucial lubricant préipsrto utilize in the investigation. This involved
discussion with the maintenance team, review of dhginal equipment manufacturer's (OEM)
recommendations and expert experience. This pHasdraolved setting up the study mission time,
sampling intervals and testing the in-service lcdont. The third phase occasioned the analysiseof th
in-service lubricant tests to reveal embedded pwtt¢hat would assist in maintenance decision
support. The last section involves the results udison with the impact to maintenance decision
making for the company.

3. Results and discussion
In this section, the results review is presented aimscussions of the results following the
methodological steps in Section 2.

3.1. Selection of critical machines

Since the company had numerous construction equipniee first phase of the study involved
selection of the critical machine type amongst thdim assist in selecting the critical machines,
several factors among others were considered aallisged: (1) does machine consider adequate
replacement, (2) does machine have high compléeitgl, (3) does machine service implies high
costs and (4), does machine failure significantfeds the productivity of the company. After the
consideration all the aforementioned factors, ohthe critical machines for the company business
was selected — the Asphalt Paving Machine whosgensafound in Figure 2.
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Figure 2. Asphalt paving machine.

3.2. Lubricant parameters selection

According to the company standard, oll filling bethydraulic system is changing every two years, no
matter what the condition of hydraulic oil is. Hgdtic oil condition check, was not a part of the
company's practice and oil change is mostly basedquipment manufacturers recommendations or
on their own judgement. Since the company has nemetrolled the condition of oil filling so far, it
has been agreed to monitor certain oil parametaiaglthe exploitation to determine the appropriate
interval for oil change.

After consultation and discussions, four lubricanbperties deemed important in the hydraulic
fluid operation under this case context were setécthey included viscosity at 40, water content,
solid particles content and TAN (Total Acid Numbérhe study mission period was set for two years
in which sampling and testing of the lubricant wlasie every four months during this period. For the
parameters being tested and measured, standaatsigithe following Table 1, were used.

Table 1 Standards used for testing

parameters.

Parameter Standard
Viscosity ASTM D 7042
Water content ISO 12937
Solid particle content SO 4406
TAN ASTM D 664

3.3. UOA data analysis
This section shows the data analysis by trendinghenfour lubricant parameters as per Table 1 in
Section 3.2.

3.3.1. Viscosity monitoring
The lubricant viscosity measurement is a standestsince it represents the basic physical propérty
the lubricant. Viscosity is the single most vitabticant parameter, for instance viscosity affects
lubrication oil film thickness, intensity of mecheal friction, internal or external oil leakage,dte
generation, etc. Conventionally used alarm lindtsifidustrial lubricants are given in Table 2.

During the monitoring period of the asphalt pavimgchine hydraulic oil, viscosity did not
significantly change its value (Figure 3). The &sgdeviation of the oil viscosity values compat@d
the new oil was +1.6%.
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Table 2 Recommended alarm limits 1
viscosity change.

Limit Percentage deviation
Upper critical +10 %
Upper cautionary +5%
Lower cautionary -5%
Lower critical -10 %
(Chart Area | Upper critical limit

50 i -
Upper cautionary limit

I
oo

1 | et dp 34 | | | | | | | L oa ||
45,69 4558 45,60 | 4,96

Lower cautionary limit

Viscosity on 40°C (cSt)
I~
a

4 1 A _ Lower critical limit

40 —+

Months

Figure 3. Trend of viscosity values change.

Any change in viscosity, higher than cautionaryitirshould be investigated and rectified because
the consequences can be very costly. These chamagede attributed to a change of chemical
characteristics of oilthermal cracking of oil molecules, oxidation, polgrization, formation of
insoluble, evaporation, etc.), or due to contantinagression (water, air, wrong oil, fuel, etc.pth
affect the serviceability of the lubricant and abiility of the equipment. The increase in viscosity
leads to high internal friction which inherently wd raise the lubricant temperature and eventually
cause oxidation of the lubricant. Contrary, declineviscosity offers less lubricity and low film
thickness that propagates high wear on the luleicparts.

3.3.2. Water content monitoring

The second test is the absolute water contenteitulbricant. It is an essential test because weatsr
extremely negative influence on the performanceshef lubricant during machine operation. For
example, the presence of water affects lubricam fhickness and load-carrying ability, power
transfer characteristics (compressibility), oil gidd depletion, cavitation, corrosion, etc. Tokec
water content depend on the used base oil, addidakages and the application of the hydraulic
system. In a mineral hydraulic oil, according t§ Ebsolute water content limit is up to 0.05%, lehi
some types of oils (such as fire-resistant fluicks) have limit up to 0.4% and higher [4]. Analysed
samples of hydraulic oil, which belongs to HM groap hydraulic fluids (and comply with the
requirements of ISO 11158), had a much lower wadatent than the tolerated value, see Figure 4.

It is imperative for maintenance managers to ackedge that there is no acceptable level of water
in any lubricated system, including hydraulic systebut also hydraulic fluid cannot be totally fide
water, since there is always some portion of wateoil. Even the smallest portion of water will
impact the chemical properties of the lubricant aildvetted metal surfaces. The severity of damage
to the oil and the machine depends upon how mudharis present and for how long. If water level
exceeds the limit, it must be removed using soméhoas like a water-absorbing filters, vacuum
dehydrator, centrifuge or some other form of dehtidg separators. Maintenance team should
perform root cause analysis (RCA) to determinerthture and source of the water ingression and
make appropriate changes necessary to avoid recerr€onventional sources of water in oil include
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Figure 4. Trend of water content values change.

faulty or ineffective breathers, lubricant top-upsaky oil coolers, poorly sealed hatch covers,
inadequate lubricant storage practices, aggressgh-down practices, etc.

3.3.3. Solid particles content monitoring

Considering that approximately 70% of hydraulictegsfailures are associated with solid particlés oi
contamination [5,6], test of particle content isothrer test that was made within this study tests.
Depending on the working conditions and hydraujistem application, there are sensitive and very
sensitive components on solid particles contanonaticcording to [7], solid particles in hydraulic
system can generate three types of mechanicakdailstructural failures (fracture and distortion
failures), wear failures (surface degradation fa#), motion or jam failure (motion impediment
failures). The influence of the solid particles risore critical if proportional or servo-hydraulic
components are installed in the system which iscds® here. The machine such as asphalt paving
machine, have a lot of these components which alsnine machine actuators.

Clinliness class ISO 4406

—— Particles size 24 pm(c) Months
—am— Particles size 6 pm(c)
—&— Particles size 214 pm(c)

Figure 5. Trend of solid particles content values change.

During the experiments, the solid particle contnthe oil filling was mostly constant within the
permitted limits for the type of hydraulic system this machine. However, in the fifth sample, a
significant increase in the content of solid paescin oil is observed as depicted in figure 5.eAft
obtaining information on this sudden spike of s@atticles, in order to avoid a possible mechanical
failures of hydraulic components, it was suggestecheck the installed filters and give considerati
to the application of the secondary filtration syst which would surely reduce the level of
contamination within the permitted limits for theost critical component in hydraulic system [8,9].
According to [8] there are four primary sourcesdolid particle contamination: contaminated new oil
built-in contamination, contamination ingressiom amernally generated contamination.
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3.3.4. TAN monitoring

The basic set of tests for experiment purposesigalith the aforementioned, is rounded up with a
TAN test. This parameter serves to determine theuainof potassium hydroxide (KOH) solution
necessary to neutralize the acidic compounds (ctrated and weak acids) in the oil, which are
formed as products of oil aging, or its chemicajrdeation.

Maximum allowable TAN value

J — T Tt GF—
L A=ggs——053 | | |

TAN (mgKOH/g)
(=lelololeloe loellole
o NMWweE o N ioe
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Figure 6. Trend of TAN values change.

During the experimental period, TAN value movedhivitthe recommended tolerances (Figure 6).
For hydraulic oils, permitted increase of this paeter is 50% in relation to its value for new @il.
gradual increase in TAN values attends a commomgrhenon, because in the process of operation,
compounds that increase acidity are produced.dflsn rise of TAN value is viewed, the oil must be
tested in detail. As mentioned before, most ofatiels in lubricating oils are products of oil oxida
process (aging).

The oxidation process implies a self-propagatingnulsal chain reactions. Oxidation results
includes formation of carboxylic acids and everyuhigh-molecular weight polymeric compounds.
These compounds often are insoluble, and as segtstitling as sludges and resins causing problems
such as filter blockage, nozzels blockage, oblitena erratic movement of valve parts etc. Formed
acids aggressively impact the seals and oil wettetdl surfaces (corrosion).

3.5. Maintenance decision making support

In addition to the equipment manufacturer's recondagons, maintenance managers now also
acquire information about the oil's condition, thergabling the determination of the most appropriate
interval of oil change. Laboratory oil analysis anehd analysis results, after a period of 20 menth
gives to managers much clearer picture about thditton of the hydraulic oil in use.

The examined hydraulic oil complies with the basiguirements, and there was no need to replace
it. In this way, oil can be used until the parametef its condition point to a potential problem.
Consequently, one should continue to monitor oitdition during the future machine operation.
Depending on which parameter has attained a dritadae, appropriate actions must be taken (such as
secondary filtration, water separation) which velktend the useful life of oil and machinery. For
example, significant increase of the TAN value paoin extreme additive depletion, which means that
there is present intensive thermal oxidation precghkich is impossible to eliminate or reverse. A
unique solution to this is to change the oil togethith system filters. On the other hand, whenewat
level in oil reached a critical value, the sugesi®to use one of the dehydration techniques geror
to extend the oil life. In any case, if there idstic change in one or more of the monitored
parameters, more extensive studies should be ctewluwé how and why such disturbances have
occured.
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4. Conclusion

The paper describes the application of oil conditimonitoring to assist in determining the apprdpria
interval for the replacement of hydraulic oil. Fduasic oil condition parameters were observed, aver
period of 20 months. In the case of asphalt pamaghine, sample analysis and analysis of the trends
of change in each of the parameters indicate ih&iliag can continue to be used in exploitatitor a
quite some time. Also, this means that oil conditgmremeters should be monitored, until the time
comes to change the oil. In case when managersra@pequate information on oil’'s condition, it is
not obligatory to strictly adhere to the manufaetlsr recommendation. This eliminates the cost of
premature oil replacement, unnecessary servicegengent, and other costs associated with the
removal of waste oil and filters. Maintenance mamagare more independent in reaching the
decisions if they obtain qualitative informationoabthe machines condition and state.

In addition to determining the most appropriateiival of oil replacement, using other condition
monitoring techniques, early failures can be idmj timely prepare the material and required
workforce and more precisely determine the optireplacement intervals for the component which
has failed.
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