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Annotation

Oil filter is a part of a gasoline or diesel engine lubrication system designed to clean the engine oil.

Depending on where it is installed, the oil filtration system, they are divided into three types:

- through-flow filter, which passes through all the oil that the pump feeds into the engine. A pressure
regulating by-pass valve is installed upstream of the filter to protect the gaskets with oil seals. If the filter
element is too dirty, the valve directs oil flow past the filter, preventing oil starvation of the bearings. Keeps
engine from failing due to lack of lubrication;

- a partial-flow filter is mounted parallel to the main oil line and cleans only a portion of the oil that enters
the engine. Gradually the whole volume of oil passes through the filter element, giving a fairly high cleaning
efficiency. However, this method does not provide absolute protection of parts from chips and other abrasives;

- the combination filter combines a full-flow and a partial-flow cleaning principle. It consists of two filter
elements, one mounted parallel to the oil line and the other cut into it. This ensures maximum cleaning efficiency
and long filter life. The filter elements are divided into two types according to their efficiency in removing fine
impurities: coarse filters, which remove coarse impurities, and fine filters, which remove fine impurities.
According to the design of the housing and the possibility of replacing the filter element, filters are divided into
multiple (collapsible) and disposable (non-collapsible). Modern engines may use filters in the form of a
cartridge, which is inserted into a special compartment.

During operation, the oil is first routed to the filter and then through the oil channels to the interacting
parts in the engine. This principle is used on all standard passenger cars. A settling filter (gravity filter) is a tank
with a filter element and a settling tank in which impurities are deposited by gravity. The centrifugal filter
operates similarly to the gravity filter, only dirt settles in it under the action of centrifugal force resulting from
the rotation of the body.

Key words: filter, oil, thickness of lubricating layer, friction coefficient.
Introduction

The popular design of the oil filter includes a metal housing in which a corrugated porous paper filter
element is installed and a spring-loaded bypass (overflow) valve.

A backflow (overflow) valve is installed at the inlet of the housing to prevent oil leakage after the engine
is stopped. This allows oil to be stored in the oil passages and ensures nominal pressure immediately after the
engine is started. The tightness of the housing connection to the oil channel is ensured by a rubber gasket. The
oil, which is supplied by the oil pump, passes through a paper filter and is sent to the engine channel. If the filter
is dirty or the oil is very viscous and does not flow well through the filter element, excess pressure opens the
bypass valve which directly starts the oil in the engine.
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Design of the oil filter
Analysis of recent research and publications

The influence of the degree of oil contamination by mechanical impurities on tribotechnical properties of
lubricating materials is investigated by many scientists: Wenzel E.S. [1], Garkunov D.N., Dmitrichenko M.F.,
Mnatsakanov R.G., Mikosyanchik O.O., Bilyakovich O.M., Zhuravel D.P. [2, 3], and others. The paper [4]
raises the question and analyzes the experimental data on the possibility of using synthetic porous-fiber
polypropylene as a filtering material instead of the existing ones. The quality of oil filtration determines the
service life of the engine. In [5] the possibility of using crystalline urea for the process of purification of waste
mineral engine oils from acidic aging products was considered. Preference should be given to well-known
manufacturers: Bosch; Mahle; Mann; Fram. You should also pay attention to the filters that are recommended by
the car manufacturer. Visually determine the degree of contamination of the oil filter is impossible. Therefore, it
is necessary to follow the manufacturer's recommendations for its replacement. Replace the filter when changing
the engine oil. Depending on the oil brand and peculiarities of the car design, replacement is performed after 8-
15 thousand kilometers of mileage. What happens, if the oil filter is removed. If the filter element of the
lubrication system is removed, abrasive particles, especially metal filings, will get on the sliding bearing shells.
This will accelerate the wear of the metal, which in turn will also enter the lubrication system. As a result, an
avalanche-like process will begin, which will end with an overhaul or replacement of the engine. If the filter is
not changed in time, it will get clogged and the crude oil will start circulating through the bypass valve. This will
also lead to engine failure [6].

Statement of the problem

To establish the effect of contamination of engine oil during operation it is necessary to analyze the
formation of the thickness of the lubricating film in tribosystems.

Basic research and presentation of scientific results

Laboratory methods of identifying wear particles. Solid particles of suspension in the filtration process
can not only be trapped on the surface of the filter partition, but also penetrate into its pores. Penetration of solid
particles into the pores of the partition is undesirable because it leads to a sharp increase in its resistance, which
is more difficult to reduce by subsequent washing than by placing solid particles on the surface of the partition.
Therefore, when separating such suspensions, it is advisable to prevent the penetration of solids into the pores of
the bulkhead and retain them on its surface.

Spectral analysis of oil samples taken from the engine lubrication system by monitoring the concentration
of metals and other impurities in the oil in grams per ton is widely used in engine operation. In most cases, iron
and copper concentrations are monitored. Oil samples are taken 15 ... 40 minutes after the engine is stopped
while the wear particles are in suspension. Frequency of sampling is set depending on the predicted intensity of
wear and maintenance intensity, as a rule, at least after 200 hours of operation. If the content of wear products in
the oil increases, sampling is performed more frequently.

Normal curve of the law of metal content change is shown in Fig. 1.

The 1st area - running-in period of the engine components. The graph first shows growth and then
decrease of metal content at the end of running-in period up to the value characterizing normal metal content.
There is an individual value of metal concentration for each engine within permissible limits, depending on the
engine operation modes (the time of operation in different modes).
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Fig.1. The normal law of change in the content of metals
in the oil in the course of engine operation. PC - increased concentration,
at achievement of which the engine is allowed to operate under **special control™.
MPC - maximum permissible concentration,
reaching which the engine is to be withdrawn from operation

The 2nd area - a period of normal wear. There may be a slow growth of metal concentration as the engine
runtime increases.

The 3rd area - the period of intensive wear. This period precedes the destruction of the engine unit (or is
associated with partial destruction). Intensity of concentration increase is higher, than on site 2.

The normal law of change of metal content in oil is realized only if the engine is in the process of wiping
surfaces with the release into the oil of wear particles not more than 15 ... 30 um. It is a size that most modern
instruments are capable of accounting for.

One of the most common and dangerous types of wear is pitting. It is fatigue pitting of contact surfaces
[7]. The beginning of the pitting process is the plastic deformation of the surface and the formation of fatigue
microcracks on the friction surfaces. Up to the appearance of the first cavern of fatigue pitting the only kind of
wear particles formed in oil are spherical particles of 3... 5 microns, the weight contribution of which to the total
mass of particles formed during normal wear is a few percent, coinciding with the error of the spectrometer
measurements.

Further wear releases large particles, which are not taken into account in the spectral analysis until
significant damage occurs with the release of a large number of both large and small particles. Changes of metal
content in oil during fatigue damage of parts are shown in Fig. 2.
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Fig. 2. Change of metal content in oil during fatigue damage of rubbing surfaces

There are technologies of spectral analysis, in which all particles in the sample are taken into account.
This is achieved by dissolving wear products in an acid solution and then analyzing them on a special
spectrometer.

The pherographic analysis is used to detect fatigue damage processes. As a rule, part of an oil sample is
used for spectral analysis. The ferogram is examined under a microscope where the shape, size and number of
particles are determined.

Laboratory examination of oils using a mesh filter element

The formation of an oil film between two parts which are in contact and move relative to each other
depends on the speed of reciprocal movement. In such cases, we speak of a hydrodynamic friction regime, when
the oil film is drawn into the gap between the interacting parts, separating the parts. The film is drawn into the
gap more effectively (the film becomes thicker) with increasing velocity. But an increase in velocity results in an
increase in the amount of heat generated by friction. The temperature of the oil rises and it becomes more fluid.
This leads to a reduction in film thickness as a result of oil rarefaction. The friction coefficient depends on the
roughness and accuracy of the geometry of the contacting surfaces and the presence of foreign particles in the oil
(surface irregularities, foreign particles, disrupt the integrity of the film, which leads to the appearance of zones
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operating in semi-dry friction mode). The friction force value is proportional to the load, and it is at a constant
friction coefficient. Sometimes the integrity of the oil film can be broken, and the coefficient of friction begins to
grow. Then, even if the load is constant, the torque increases and conditions are created for the sliding bearings
to rotate. The increased load reduces the thickness of the oil film, increasing the risk of its destruction [8]. In this
case, more heat is released and leads to an increase in local temperatures in the friction zone. Oil liquefaction
occurs, which leads to a further decrease in the thickness of the oil film and increases the probability of
occurrence of sticking in the friction zone.

These factors have a particularly strong effect during the initial period of machine operation, during the
running-in period of the parts. During this period of operation, micro-irregularities are triggered, destroying the
oil film. At this moment the rubbing pairs are the most sensitive to overloading.

When performing this experimental study, the aim was to establish the mechanism of formation of the
lubricating layer thickness in the contact, to determine the dynamics of wear of tribocoupling elements
depending on the material of the contact surfaces, antifriction and rheological characteristics of the engine oil. At
research was used the used (operating time 15 thousand km in the gasoline engine) motor synthetic oil
Mobil-1 0w-40 in two states:

1) directly drained from the internal combustion engine;

2) filtered with Champion C102 filter.

The studies were carried out on the SMTs-2 unit, in the start-up (4.5 sec) - stop mode (3 sec). Number of
cycles in the experiment was N = 1750, which corresponds to 4 hours of continuous operation of the installation,
following one another, without interruption. In the friction pair was reproduced rolling mode at a relative slip of
18 %. As samples were used cylindrical rollers (d = 50 mm) made of Steel 40KH (HRC = 43) and Steel
SHKH15 (HRC = 58). The maximum Hertz contact load was 570 MPa, and the volumetric temperature of the oil
during the experiment was 70 °C.

The specified Mobil-1 0w-40 oil provides reliable protection for a wide range of both gasoline and diesel
engine models, including turbocharged engines, intercooled charge air systems, as well as advanced direct-
injection diesel (DI type) engines operating in any severity conditions.

Regularities of formation of the lubricating film thickness at start-up, depending on the use of different
steel grades and used and filtered oils are shown in Fig. 3.

A2 .

H, mkm

T T YN ——————

- -
—— ———
- -

-

0 250 500 750 1000 1250 1500 1750

--#--40KH spent —®— 40KH filtered —&— SHKH15 spent —®—SHKH15 filtered
/N cycles

Fig. 3. Formation of the lubricating film thickness
in contact with used samples of Mobil-1 Ow-40 engine oil depending
on the hardness of the surface material

Regardless of the hardness of the contact surfaces, it was found that during N < 100 cycles, according to
the calculated parameter A, the boundary regime of lubrication dominates, during 100 < N <150 cycles the
elastohydrodynamic regime in the contact, the subsequent operating time up to N = 1750 cycles is characterized
by the realization of the hydrodynamic regime in the contact. Only during the initial break-in period, which
corresponds to N < 200 cycles, a high carrying capacity of the lubricating layer formed on the contact surfaces of
steel 40KH is observed; during operating time 200 < N <1750 cycles a general trend is observed for the growth
of the lubricating layer thickness during break-in - for the two studied steel grades this parameter averages
8.2-10 um.
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Since the experiments were conducted under nonstationary operating conditions, there is a high
probability of the lubricating layer breaking off at stopping, which leads to direct contact between the surfaces.
Under these lubrication conditions, the formation of boundary adsorption films on the elements of the
tribocoupling is of great importance.

To establish patterns in the kinetics of formation of adsorption boundary films, we measured the thickness
of the lubricating film at the stop (Fig. 4).
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Fig. 4. Kinetics of changes in the thickness of the boundary adsorption films

For the Steels 40X and the SHKH15 after the running-in phase, which corresponds to N < 450 cycles, it

was found that there is no sagging of the lubricating film thickness. With further operating time up to N = 1750
cycles, the breakdown of the lubricating film for these steel grades was only 3 %. We assume that this is
associated with the ability of chromium to reach the contact surface [1], which increases the adsorption force of
the interaction of the surface films of the metal in the polar-active components of the lubricant, manifested in an
increase in the thickness of the non-hydrodynamic component of the lubricating film to the end of operating
time, which is 1.7 um and 2.5 pm for the Steel 40X and the SHKHI15 , respectively. At the same time, a clear
pattern in the formation of the boundary adsorption films is observed depending on the condition of the oils,
namely: in the filtered oil sample a lower value of the studied index by 6 % compared to the used oil is observed.
This can be explained by the presence of less content of mechanical impurities and fuel combustion products.
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When studying the friction coefficient (Fig. 5) for rollers made of the Steel 40KH in the initial period
of running-in up to N < 200 cycles value of this parameter is less - 0,028, and for filtered oil 0,026 that is
explained by the greatest value of a hydrodynamic component of greasing film thickness at the start-up, further
at 250 < N < 950 cycles value of friction factor is established almost the same for the Steel SHKH15 and varies

within 0,028-0,026; At N > 1000 the highest value of the studied parameter when using the Steel 40KH for the
used oil - 0,031 - 0,029, which is associated with a smaller thickness of the non-hydrodynamic component of the
lubricating film. Also the decrease of antifriction properties at the final stage of workover is determined for the
samples of the Steel 40KH with use of filtered oil. This decrease is caused by the highest values of the oil film
displacement stress in the contact due to the increase of the oil effective viscosity, namely, for the Steel 40X:
Nef = 10,19 — 10% Pa - s, for the SHKHI15 the ratio is respectively (1 : 0,745) (fig. 5). At the same time, for the
filtered oil, the improvement of antifriction properties with both steels under study is found, explained by the
highest values of the non-hydrodynamic component of the lubricating layer thickness.

So, the kinetics of friction coefficient change in the contact is influenced by the rheological properties of
the lubricant. In our opinion, the mechanism of this process is as follows. At initial formation of boundary
adsorption films there is structure of lubricant components on the friction-activated contact surface, which leads
to increase of shear stresses of oil film and correlation growth of friction coefficient. As the boundary films adapt
to dynamic load conditions, the displacement stresses of adapted adsorption films decrease, which also causes
increase of antifriction properties. So, at N > 1000 cycles of operating time boundary films with thickness of
2,5 microns, stable to mechanical and thermal destruction, which are characterized by the most effective
antifriction properties, in comparison with another type of lubricant, are formed on the surfaces from the Steel
SHKH15 using filtered oil.
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Amutpuyenko M.®., CaBuyk A.M., Typums 10.0., Minanenko O.A. Brims ¢inbrpyrounx
€JIEMEHTIB Ha poOOTY TPMOOMEXaHIYHIX CUCTEM.

MacasHuit GineTp — 1e IeTansb CHCTEMH MallleHHS OEH3MHOBOro abo JAM3ENIFHOTO JBUI'YHA, IIPH3HAa4YEHa
IUISL OYMIIEHHS MOTOPHOT OJIBH.

B 3anexHOCTI Bi MiCIIsI MOHTaXy, CHCTEMH (iNbTparlii OJMBU BOHH JUIATHCS HA TPH THUIIH:

- MOBHONOTOYHMH (iNbTp, IO MPOMyCKae Kpi3b cede BCIO ONHBY, Ky HAacoc MoAae€ B IBUTYH. Jlis
3aXUCTy MPOKJIAJIOK 3 CalbHUKAMH Tepel (GLIbTPOM BCTAHOBIIOETHCS MEPEITyCKHUN KIIAIlaH, 0 PETyIIIOE THUCK.
IIpu HamMmipHOMY 3a0pyAHEHHI (ITBPTPYOUOro eleMeHTa KJalaH HampaBisie IOTIK ONWBU TOB3 (QiIbTpa,
3armofiraroun MaciiiHe TOJIONYBaHHSA MiMIIWNHUKIB. lle He mae ABUryHy BHIMTH 3 JNangy depe3 BiICYTHICTP
MaIleHHSI.

- YaCTKOBOMOTOYHHUH (DIIBTP MOHTYEThCS IapalieIbHO TOJIOBHOMY OJIMBOIPOBONY 1 OYMILAE JIMIIE
YaCTHHY OJIMBH, IO HAAXOAWUTH y JIBUTYH. IlocTymoBo Bech OOCST OJMBHM NPOXOIUTH uepe3 (UIbTpyroUHid
CJIEMEHT, IO Ja€ OCUTh BUCOKY e(heKTUBHICTh oumieHHs. OMHaK Takuil crocid He 3abe3mnedye abCOTOTHOTO
3aXHCTY JIeTaleH BiJl CTPY>KKH Ta iHIINX aOpa3uBiB.

- KOMOiIHOBaHMU (UIBTP TOEIHYE MOBHOMOTOYHUN 1 YaCTKOBOIOTOYHHUI MTPUHIUII OYUINCHHS. BiH
BKITIOYA€ IBa QUIBTPYBAIBHIX EIEMEHTH, MEPIINN 3 IKUX BCTAHOBIIOETHCS MapalelbHO MaclsHIN MaricTpaiti, a
Ipyruil BpisaeThcs B Hei. Lle 3abe3meuye MakcuMaidbHYy €(QEKTHBHICTh OUHIICHHS i JOBTHH TEPMiH CIYXOH
¢inpTpiB. Ilo edexTHBHOCTI BHOANCHHS OPiOHMX AOMIMIOK (UIBTPYIOUl €IEeMEHTH AIIATbCS Ha JBa BHIH:
GinbTpu TpyOOTO OUMIICHHS, IPU3HAYCHI VI BUIAJICHHS BEJMKUX BKIIOYCHB; (IIBTPU TOHKOTO OYUILECHHS, IO
BUAANAIOTh MUIKO(paKiiiHi BKIfoYeHHA. [1o KOHCTPYKIi KOPIyCy i MOXKIMBOCTI 3aMiHH (QiIBTPYHOUOTO
eneMenTa (GimTBTpU HiNMATHCS Ha OaraTopa3oBi (po30ipHi) i omHOpa3oBi (Hepo3OipHi). Y CydacHHX IBUTYHax
MOJKYTh 3aCTOCOBYBATHUCS (PIIBTPU y BUTIISIII KAPTPHUKA, SIKAI BCTABIISIETHCSI B CHICIIaIbHUN BICIK.

[Tin yac poOOTH 0JMBa CHOYATKY MOJNAEThCS A0 (iIbTpa, a TOTIM MO MACISHUM KaHajiaM [0
B3a€EMOJIIIOUNX JeTajell B ABUTyHi. Lleil MpUHIMII 3aCTOCOBYEThCS Ha BCIX CEPIMHMX JIETKOBHX aBTOMOOIISX.
OinbTp-BiAcTIiHUK (TpaBiTALiifHUI) MpeCcTaBIsie COO0I0 EMHICTB 3 (DIIBTPYIOYMM €JIEMEHTOM i BiICTIHHUKOM, B
SIKOMY JOMIIIIKK OCIJIaf0Th IIiJ JIi€to rpaBitauii. BinuenTpoBuil GinbTp, 1110 Npalioe aHaIOTvHO rpaBiTaliiHOMY,
TUTBKH Opyn ocimae B HBOMY IIiJ Mi€I0 BIAIGHTPOBOI CHJIM, IO BHHUKAE B pe3yiabTaTi 0OepTaHHS
xopiycy. [Iponiec yTBOpeHHS MacisiHOI IUTIBKA MK JBOMAa KOHTAKTYFOUMMH i PYXOMHMH BiTHOCHO OJTHA OJHO{
JETasIMU 3QJISKUTh BiJl IIBUIKOCTI B3a€EMHOTO MEPEMIIICHHSL.

[Ipy BUKOHAHHI JaHOTO EKCIICPUMEHTAIBLHOIO JOCIIDKCHHS METOIO SIBJISIIOCS BCTAHOBJICHHS MEXaHI3MY
(dopMyBaHHS TOBIIMHHM MACTHJBHOTO IIapy B KOHTAKTi, BH3HAYCHHS IMHAMIKH 3HOINYBAHHS CJCMCHTIB
TPUOOCHIPSDKCHHST 3aJIeKHO Bil MaTepially KOHTAKTHHX IIOBEPXOHb, AHTHPPUKLIIHHUX Ta PEOTOTIYHIX
XapaKTepUCTUK MOTOPHOT OJIMBH.

KuarouoBi ciioBa: ¢inbTp, 0n1Ba, TOBIIMHA MACTWIILHOTO LIAPY, KOS(DIIIEHT TEPTSL.



