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Summary The paper ichides disaission of the conparative stades describing the changes of dynanne viscosity
amd dielectie corstant of the abncart cal m aznealbharal tactor self-azmbon engines fiaelled by Ekod iesel Phas
H0E and Elotersn Phas under veal opernbng condifions.
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INTRODUOCTION

The actual operating durability of sliding pairs corenonly called critical friction nodes in
agricultural vehicles with self-iznition engines depends on many factors. The structaral forr, tech-
tological history of the materials and parts, fhiction conditions, lubricant and fuel quality the dy-
narnically varying operation process detenvine the intersity of wear in kinermatic slide pairs of the
self-ignition engines of tractors and mobile farming machines. The pathological deselopraent of
the loss process in the critical node areas is mainly cansed by the charges of lubncation conditions,
telated to permanent deferioration of the rheclogical and gqualitative pararaeters of the lubricant
oilz. Their appropriate adaptation o the real conditions of the working process perfornance may
be deciste in the optirnization of the potertial strochoral durability resouree of the whole diive anit
[BEczerel, Wisniewski 2000, Jakdbiec 2001 & b, Olszewski etal. 200

Lbverse working conditions, high level of dust in the air, unprofessional ope rators, the wse of
lonarer uality fuels may canse the loss of lubricant oil properties in the engine. Unfortunatelsy these
are very often the typical conditions of operating farm tractors and wehicles in Poland. Arcording
to murnerous anthors, one of the more rnportant issues is the use of engine fuels compliant with
the marufacturers’ requirernents and applicable stardards [Mocha 2000, Wajand T A, Wajand T
T. 2000, Bac zewski K., Kabdoniski T. 2004, Boche fiska 2005, PN-EN 520:2006] . The users of older
gereration tractors, with lower sensitivity of the fiuel feed systers to the guality of the fuel uzed,
ofter select fo use “cheaper sbetitutes” — hoat fuels, vegetable or heating cils. In most cases the
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fivst syroptom of suchoperationare defects and failures of the injection syste . However, it 1s rauch
toore difficult to the determnire the rnpact of sach "sdhetitate 8 on the engine hbricant oil quality
changes that may lead to reduction of the pre-repair runard in extrerne cases fo the developrment
of pathological wear processes in the critical friction node areas - particularly cooperating under
slide friction conditions [Oleksiak 2001 &, b, Wanke 2003, Wanke, Foniuszy 2009, Kowalski 2006].
In relation to the conditions presented herein, an atterapt was made to explain the irpact of
the guality of the fuel used in self-ignition engines on the changes of the dielectic constant and
dymamic viscosity of the lubricant oil obse rved under real operating conditions of farm tractors.

TESTING METHODA

To carry out the operating corgparattee tests, two Ursus 1614 farrn tractors were selected,
roanufactured in 1992+1993, powered by £ 86021 engines afler an engine rebuild made in early
2006, before start of the agricultural technological season. The tests were made in the 2008 agricul-
tural technological seasor, between 3rd Mlarch and éth Decernber. The initial ran of the fivst tractor
marked with the syrrbol & (fuelled by Ekodiesel Plus 50B — heasryoil) was ecual to 62894 moto-
hours (mth), while thatof the other one marked B (fuelled by Ekoterrn Plus — heating oaly - 703,64
tth frorm the rebnild. Right before the test start, the engine lubrication systerns were filled with the
garne 01l class SAF 15Wi40, &F] CG-4, ACEA 96 EXB2IAD [Poduiale 2002] and diagnostics of the
condition was carried out following the user marmal. In wirtne of the control results obtained, the
engines were recoghized as parametrically capable — technically efficient [TESTS 1614 Wheeled
Farm Tractors 1992].

The tractors raonitored had one owner and were used onone farr, inthe same fields parallel,
sireol tate onsl sy inoa typical rmanmer as for their class of fowing power, at work related to s0il cult-
wation, plant fertilization and crop transportation. Bagsed on the diagnostic procedures and analysis
of the conditions presented, an assuraption was rmade that both fractors were i sirnilar initial state
and were operated under approximately similay working process performance conditions, which
alloars the cornparison of the test results ohtained.

The oil uged in the comparative tests was sarupled according to the agreed procedure, ident-
cal for each of the tractors nsed. The firstbasic sarple was taken during change of the oil from the
package delivered to the workshop, the second — after the first working dasy. The following sarples
were taken ca. every 30 mth of the engine operation, until the next Ibricant oil change. Each sarople
was labeled. The Iubricant was taken from the engine through the oil level dipstick hole, by mearns
of a syringe with a tube of £50- 10 1o’ capacity; with £5-107 m® accurac s directlyafler corapletion
of the tractor’s operation. The syringe and tube were thoroughly washed i a thinmer and dried and
the o1l losses suppleraented irnmme diately after sampling. The roraber of mth worked was recorded
during the experiment, following the odometer reading.

The dymarnic viscosity and dielectric constant changes at fixed femperature of 203 E were
then meamired 3 tires for each sarnple and then averages and standard deviations were calen-
lated. Wiscosity was measured with the use of Brookfield DV-II+ rotational viscometer with ultra-
the rraostat charaber, controlled by PC with Bheoecale 32 softerare. The measurerment was carried
out in corpliance with [FH-EN IS 3104:2004] and the viscorneter manufacturer’s indications
with £107 Pa-s acouracy [Brookfield DV-II4+ 2002 User Iarwal]. The qualitative changes in the
lubricant oil were deterrnined by means of Lubrisensor enabling the recognition of 3 groups of
operating contarnination of Jubricant oil thanks to the measurernent of relatiee changes of dielectrc
constant value (with £107 accuracyl: (zroup I — oxides, sedivents, dirt, fuel corbustion products,
acids, group IT — water, coolant, metal particles; group IIT - fuel). The dielectric constant increases
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ot decreazes proportionally to the concentration of contarinarts present in the obricant o1l The
direction of the indicator’s inclination towards |+ or =" and the indication salne deterroine the
gronp of contarniharte and their quantity The assessrnent of the oil tested consists in the calibra-
tion of the dewvice orbasic saraple (fresh oil) and measorerwent of the wvalue of dielectric constant
changes for the tested saraples taken from the engine [Lubrisensor 2000 User Mlanual, Olsze wski
2001]. The results obtained were subjected o statistical analysis on the significance level o= 0,05,

DIACTUSEEI0ON OF THE TEST RESULTSE

The test results were divided into two groupe. The first group comprising the cornparizon of
dyharnic viscosity operating changes (fig. 1) and the second one illustrating the relattee changes of
the dielectric constant walues (ig. 2) clags SAE 15Wid40 AFT CG-4 lubricant ol in operating ime
function, depending on the quality of fuel applied (ractor & — heavy oil, tractor B — heating oil).
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Fiz. 1. Conparison of the ®gression lme of dynarmie viscosity changes m b neant cil class
SAE 15WA0AFT CG-4 in the fanehon of opermbng tme of taro tactors subjacted to the operating tests

Bazed on the test result statistical analysiz (the avalyeis of the wariance and regression statis-
tics), a sigraficant irpact (e = 0,05 of the operating tirme and quality of the fuel weed on selected
theological and gualitative changes of the lubricant oil class SAF 15Wrd0 AP1 CG-4 was observed.
The ocourrence of a very strong positive correlation (direct proportionalityto the dielec tric constant
—fig. 2 and negative (irvverse proporfionality to dymarnic viscosity — fig. 1) were chserved in the
function of the operating tire . The com parison of the divectional coefficients of the regression lives
mmdicates that the urit dymaric viscosity dropin lubrcant oil class SAE 15W/40 APT CG-4 in the
operating time function (fig. 1), of the engine fuelled by heavyoil (continuons line) is by ca. 200
lonwer than of the engive fuelled by heating oil (dotted live). In caze of relatmee dielectic constant
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changes, howewver, it was ohgerved that the unit increase of the parameter avalyzed is by ca. 753
higher in the case of tractor B fuelled by heavyoil (fig. 2, dotted line).
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Fig. 2. The comparison of wlative dielectric corstart changes of class
SAE 15WA0 APT CG-4 habneart cal n the farchion of 4o ftactos *operating trre wnder opetating ksts

Dnring the comparative operating tests on the qualitative charges of lubricant oils made with
the uze of Lubrisensor, in the case of all the saraple s taken divecfly from the oil surnp in the operat-
ing yerod tested, the group [ contarninants only were detected. Mo group IT and IIT contarainants
(water, coolants, solid particles, fuel) in aracunts detec tdbly by the instrornent were found. This can
be confirrmed by the assurption forranlated earlier on the condition of full pararetric wsability of
the engines, taken at the beginving of the comparative tests, upon diagnostic proce dures made as
indicated by the manafacturer. Ay important effect of the tests carried ot is — as clearly seen in fig.
2 —the increase of the dielectic constant value (related to the basic oil) in the first sammples of oils
taken fiorn the engines alreadyy after 2.5 mih (tractor &) and 3,6 mth (tractor B) of operating tirme,
respecttvely The change so rapid during the first howrs of ope rating tire already — in the author’s
opinion — may prove the ocowrence of excesste arount of corntarninants (e 2. catbon deposits,
sedirments, sludze) in the interval spaces and oil ducts of the engines analymed and indicate the
tecesaity to wash the syeterns with the following oil change.

The results of period monitoring of the rheological and qualitattve properties of Tibricant oil
class SAE 15Wid0 &PT CG-4, illustrated in fig. 1 and 2 carried out under real operating conditions
of the tractors were the basis for the extension of the interval bebween ol changes as compared
to that suggested by the manufachwer, covering 200 mith of operation. Throughout the agricultaral
techrical season of the feld and transport work, from early spring until late auhorr, with the mns
corning up to 2579 mth - for engine & fuelled by Ekodie se] Plus S0B — and 3183 mith — for engine
B fuelled byEkoterm Plus —the hourdaryealue of dynaric viscosity change and dielsctric constant
in relation o the basic oil was not exceeded, despite the sizraficant extension of the operating time
“between ol changes™, by ca. 790 and ca. 5094, respectively
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Based on the dizcussed natare of changes of the dymawdie viscosity and dielectric constant
of lubricant oil class 5 AE 15WI40 APT C5-4 in the function of operating titne and depending on
the type of fuel used, a presurnption was formulated on the possibility of further extension of the
tractor interwvals “between the oil change™, until the perrndtted values are reached, defined in the
variability ranges of 225% (dymaric viscosity) [Boche fiski 2005] and 3,5--4,0 (dielectric constant)
[5obatiska-Crorska, Zajkowskl 1993]. The tests are continued in order to werifiy and detail the results
and eliminate, if’ possiole, any aceidental errors.

CONCLUSIONE

1. Fuelling a self-ignition engine with Ekoterm Plus fue] accelerates the unit increase of the
dielectric constant byyca 75% and canses faster dymarnde viscosity decrease byroa 20% in
lubricant oil class SAE 15W/id0 &P CG-4 in the operating tire function as corpared to
the engine fuelled with Ekodiesel Flus S0B engine. This indicates a significant aceeleration
of the ol degradation urder operatior, which may lead to deterioration of the lubricating
conditions and accelerated wear of the working swfaces through reduction of the anti-wear
luhricant action on the toplayer of the shiding fiction nodes of the engine.

2. The intersity of the dynaraic viscosity and dislectic constant changes in the samples
corapared of the tested lubticant oil iz closely correlated with the guality of the used fiel
and operating titne under real condiions of pedonmance in agriculture.

3. The s of higher quality oil (&P CG-4) tharn the one indicated by the marnafacturer (&P
CCh enables the extension of the firne “between oil changes”. The actual operating ran of
the fested oil was increased by 799 in tractor & (Ekodiesel Plus S0B) and 59% in tractor
B (Ekoterr Plus), respecttvelyvand the walues of the mordtored pararne ters did not indicate
the demand for oil change.

Based on the obtained comparison results, the ohservations were formmlated that recuirve

firther analyeis:

— Further regular monitoring of the condition of the lobrieant oil class SAE 15Wi40 &F
C5-4 under ope rating conditions shall enable the presurnable detertnination of a new range
of adrpissible e rvals between oil change, depending on the real necessifies of the local
working errvirorenent,

— Inorder to optitnize the intervals , betreenthe oil change™ of new gene ration lubricant oils
nsed in older se lf-ignition stue hares, tests on a wider statistical group of tractors should be
made — it iz necessary to select ohjects working under different conditions and with wari-
ons loads and to determine the impact of particulay operating factors on the intensity of
theological and gualitatrve parameter changes in the applied Iubrcant oils.

— An instroreent to measare the dielectric covstant charges mavybe nsefl ina prowgpt and
easy assesstnent of the gualitative condition of the oil and indicate the necessty for oil
change in tractors and farr wehicles.
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PH-EI [53 2104:2004; Preetwory naftowe . Clecze mrzemroczyste 1 niepreezroczyste . Omraczanie
lepkogel kiveratyrame] 1 obliczanie lepkosgel dynarmic zne).

PH-EN 500:2006: Paliws do pojazddw samochodowyeh. Oleje napedowe. Wiyrnagania 1 metody
badah.

BADANIA WEPLY WU JﬁKDECI PALTWA NA ZMIANY WYBRANYCH
FPARAMETROW OLEJU SMARNEGD W AILNIED
Z ZAPEONEM B AMOCEZY NN Y R

Stresremenie. W pracy omdariono wymki b adafn pordarnaerezych, opinyggech snnary leplodel dymanuesng
1 stadej dielektirome) clem stnamerow sibnlach cigmledar whacmych = mpdorem samoczyrn, Zasilaneh
palrarem Ekodiesel Phus 30E 1 Ekoterin Phis wr rzecmyperistyrhwramr kach elsploatacy.

Slowa Mhwrowe: palivra do sibikdar Z5 ) oleje silniboare, lepkode dynanicmna, stala dielekbrmma



