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STABILIZATION OF LUBRICATING MATERIALS OPERATIONAL PROPERTIES
BY THE TREATMENT WITH ELECTROSTATIC FIELD

The influence of imposed external electromagnetic and electrostatic fields is investigated based on operational
properties of lubricating environments. The device for the improvement of lubricating materials operational properties
is developed and principles of its work are described. Based on the experimental results and analysis of publications the
increase of lubricating materials and tribotechnical systems resource enhancement by the means of electrostatic field is
grounded.

Jlocniooiceno 6naue 308HIUHBL020 e1EKMPOMASHIMHO20 | eIeKMPOCMAmuUyHO20 NOJI68 HA eKCHIYAMAYitHi 81ACmuU8oCmi
mMacmunvbHux cepedosuwy. Pospobreno npunao ons nioeuwennss excnayamayiunux enacmusocmeti macmui. Onucano
npunyun tioeo 0ii. Ha niocmagi npusedenux excnepumeHmanbHux pe3yibmamie, ananizy 00criodceHv i nyonikayii
00IPYHMOBAHO NIOGUWEHHS PECYPCY MACMUL eAeKMPOCMAMUYHUM NONEM.

electrostatic field, friction, lubricating material, operating properties, tribotechnical test, second structures,
surface of friction, wear ,wear proofness

Introduction One of the methods of LM operational properties
. _ .__improvement is their electro-physical treatmentjctvh
The complex of physical and chemical, operationgyglves application of magnetic field to fuel dvilwith
and environmental ~properties of lubricatingsimyltaneous ~ imposition ~ of  high-frequency
materials (LM) determines resource and reliabilitglectromagnetic field with frequency equal to the
of heat engines. Modern LM must have lowrequency of precision protons in the given magneti
evaporability and high thermal stability. Apartrmo field. It is also shown in the given work that precess of
these important properties, LM must meet the higbxidization of hydrocarbons with growth of temperet
requirements to mode and properties of their workins at different speed, which grows to the seit lim
under various conditions, which determine thBorder, whereupon it declines. Conducted reseafch o
necessity of stabilization or tribo-engineerindliesel fuel flash showed that after electro-physica
characteristics enhancement for existing materia Egtme_r;t thtiretls an |ncr?ﬁ$,te t'rr]‘ cetane dnurpt?fwlgjy I
or necessity to search for new directions an units, that means that the period of flashydela

X L ecreases. It in turn contributes to the origiractive
methods of LM creation for the knots of friction Ofﬂame centers. that in future starts the chair?timm:of

machines and mechanisms. ~ ~~~ the burning process, which results in reductiqoregsure
At this time in view of the dramatic rsing in ml@f growth rate in the Cy"nder and to softer work ot
natural resources, the increase of operationghgine, improvement of its efficiency and environtake
properties of tribo-engineering systems and ifeatures. In addition, electro-physical treatmédntiesel
particular LM becomes scientific and technical essufuel diminishes temporal and specific fuel consimnpt
of the day. Therefore, the question of LMY 2-4 % at all rotation frequencies of the craaftsh
operational properties enhancement is an importathough the greatest effect was observed in tiveyid
component of choosing priority directions ofnode (temporal fuel consumption diminished by

i il - s 8-12 %). It was defined by the research of antiwga
E;?)\{lsdwgrlzehablhty of motor technique and frie properties of diesel fuelsk0,2-40» and &-0,5-40», that

electro-physical treatment caused reduction of wear
Resear ch and publication analysis within the friction pair of steellfIX 15” at sliding friction

. by 40-45 % and 33-38 % accordingly.
The analysis of works [1-5] shows that manyhese experimental results show the increase in
researchers used various technological operatiofi§factants content in the fuel. These substanees a
based on physical, physical and chemical anglisorbed on the friction surfaces, prevent coréct
chemical processes for the renewal of waste LM ufetails, and consequently increase wear resistdirfiael
order to remove ageing products and contaminatiorequipment details.
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It is known that fuels and lubricating materials, aConcept and methods

well as other nonpolar liquids, are able to becomg,g oyt of our investigation was development of
tribo-electric as a result of motion [5]. Electtéition ihe device for the improvement of operational

(charging) of dielectric liquids is related to theyroperties of fuels and lubricants [6; 7].

appearance of double electric layers on the pading The device consists of (fig.1): flow chamierwith
two liquid environments, or on the parting ,liquid the winding2 placed over its external surface and
solid substance". At friction of liquids at metafs not fixed metallic ball8 inside.

the processes of flow or splashing dielectric kiigui ; )
are electrified due to the electrolytic division of

charges on the border of metal with liquid \
Electrification at friction of two liquid dielects is the £
result of double electric layers existence on iy
of liquids with different dielectric capacity, liglfrom

greater dielectric capacity gains positive chaage, one T

g
with lower gains negative (Cohen rule).
Due to low specific electric conductivity of o/ 8/
hydrocarbon fuels and LM they actively becom
electrified, keep and accumulate electric charge. ,
Ce”?"”ch"?“ge density electrostatlc_ﬁeld tension Ca.‘Eig. 1. The diagram of the device for fuels andriltdnts
attain critical values and there will be an electrigperational properties improvement:
discharge. 1 - a running chamber;
On the whole, the origin of electrostatic charges P — & puttee;
conditioned by the following terms: presence of on}_ metallic marbles;
Yy ; g ) - P X . &- the entrance union coupling;

of charges formation mechanisms — flow, dispersioB,- |auter metallic string-bags:
crushing etc.; presence of terms for theif- striped electret;
accumulation: formation of electrostatic field with/ 8 - longitudinal cuts;

. . . 9,— the initial union coupling;
maximal tension at one of the areas, which exceeg§_ 5 high-voltage source of feed
aggressive tension of environment at this areg;
presence of explosive vapor concentration in th

place of hasp; formation of spark hasp with high

energy than the minimum _value of energy Otuts 7 and 8 accordingly. Metallic filtrating net$&
inflammation ~ of  the ~ given  environment. 5.q hiaced inside each of input pipelthand striped
Simultaneous existence of all terms is the necgssaliectret is glued on the internal surface of pipeline
condition. 4 in the area nearer to the entrance into the flow
Problem formulation chamber 1. The internal surface of input pipeline 9
contains isolating coverage. The power sufdflys
The work was aimed at development andonnected to the winding®. Flow chamber 1,
substantiation of the method for LM operationametallic balls2, input 4 and output9 pipelines are
properties stabilization under the influence of thmade of materials with identical polarization and
external electrostatic field, and also at studyting Wwith higher dielectric capacity, than that of fuatsd
possibility of changing LM friction index and lubricating materials [6].
wearing level of friction knots by their treatmentlhe principles of the device work are as follows.
with the indicated field. The process offuel or liquid dielectric LM are fed by the pumgoithe
electromagnetic and electrostatic fields forcekipeline4 to the flow chambet. Having obtained electric

interaction with hydrocarbon environment an§'@/9€ s a result of tribo-electrification, fuel Lov
process of LM operational properties enhancemeljEreases this charge at passing though theritenets

. : nd striped electred (considerable increase in charge
were the objec'ts of t'he Feseaf"h- The_ subjectef tsalue and its stabilization within all the flow uahe takes
work is the investigation of the influence of

L . . place). Strongly electrified fuel or LM keeps thlege
electrostatic field on the formation of tribo-\ypen'it gets into the flow chambérdue to identical
engineering characteristics of LM, their anti-weari ojarization orientation of materials of pipelinkands,
properties and wear resistance of contacting sesfagalis 3 and flow chamber 1 itself. Power supplied to the
at maximum sliding friction. winding 2 from the sourcd0 forms the electromagnetic

e flow running chamber 1 is connected with the
nput 4 and output9 pipelines, here their sections
laced into the flow chambet have longitudinal
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field in chamberl, whose power lines cross alreadylhe control of initial parameters of contactingfaces
charged liquid environment distributed on the sa@daof roughness was executed on laser scanning
balls 4 in the form of thin tape. Tension of the unitegbrofilograph-profilometer «LSPP-05" [8]. Wear of
electric field rises hereupon, that creates higfiction surfaces was measured using profilograph-
electrification of fuel, conduces to high levelafarge profilometer «KalibrM-201». We studied the wear of
stabilization and its sufficient smoothing withihet jmmobile flat standard. To reduce the error of
volume of LM regardless of its speed. Longitud®s7 - measurements three profilograms (contour records)
andg on the proper areas of pipelifeand contribute - yere taken to the depth of the worked materialgalon
to the increase in the total contact area of phaspsline 1,0 path of sliding and one - across. Based on the
wall ~ liquid», which means that greater size DBIBKES oq 15 of measuring friction path profile the mean
part in the electrolytic mechanism of electrostelierge i metic value of linear wear of material was
increase. In addition, the indicated longitudinas@ and determined
8 at corresponding sections of pipelideand9 cause the T :
reduction of hydraulic resistance which incredsedlow The friction device was develqped by t_he authors of
work [6] and produced according to Thimen scheme

of fuel or LM, and consequently its best tribo-": ) ) :
electrification. The isolating coverage on the rimi ((.j'Sk_ plan('a),'whlch.prowdes the linear conta_ml_a
simulates friction pair «shaft — hub». The friction

surface of output pipelin® provides saving of the _ .
received charge as far as the combustion chamber<BPtS are adjusted to model values of radial
friction knot. deviation within the limits of admittance for the
The combination of external electromagnetic fiel@hosen diameter of the opposite sample. Double
and tribo-electrification was the basis for a newction of friction device is very useful for
structural decision. Thus, at motion via a pipelineomparison of anti-wearing and anti-frictional
fuel or LM is charged and after getting into thewl properties of two different constructional or
chamber filled with balls, this charge is multiglie lubricating materials under the identical test
under the influence of electromagnetic field formedonditions. The drive is electric motor of direct
by the winding. With the increase of phase divisioourrent, that allows to regulate speed of sliding i
«wall of pipeline — liquid» a greater size of iools the range 0...1 m/s. The device is equipped wigh th
one sign is adsorbed and they take part in tlhwhecking systems and automatic support of rotation
electrolytic mechanism of electrostatic chargefequency. Functional possibilities of device DFLC
formation. Therefore, longitudinal cuts on the exlggrp) include testing wide spectrum of constructiona
of input and output pipelines diminish hydraulicand lubrication matirials under controlled sizes of
resistance that positively affects the fuel flowera radial deviations of contacting surfaces. In theegi

It is also possible to use the developed device NQlyde of maximum friction.

only for treatment of dielectric fuels before emgr | pricating materials were tested by the four-stage
the combustion chamber but also for stabilizatibn @yethod developed in the laboratory of the Newest
(lg/lperanqnal properties of dlubn%atmg_mate{:als. herliibotechnologies of National aviation universip]. At
Dgféur(';]p%s «r\iAr/%r-?Jla(r:]c()eg ugttaen dalﬁjlsn%vetree mf;(:jee ch of the firs'g three stages the opposite sguagkes a
X5 IXT6n T © 185 revimin, m=5 kg o7 VY. nended for fomaton o e seco
taking ~_into  account the  radial beatmjour‘[h is of longer duration (3000 m) and is neagsfor

§=0x1,5mkm. Estimation of standards wearin esearch of anti-wearing and anti-frictional prépsrin
was done based on profilograms of friction paths g prop

and computer calculation of experimental results. Co-operation  with  the _ tribo-chemically  changed

In accordance with the task set the following nigiger environment under investigation. The fact of the

and terms were chosen. Jet fuel TC-1 in as-receivaigfondary structures formation is proved by dark
condiion, in aseceived conditon treated witfoloration of friction. However this method was

electrostatic field during 1 hour, in as-receiveddition developed for the research of LM on the laboratory
treated with electrostatic field during 2 hours,ds- fiction devices with the linear contact DK{o),
received condition treated with electrostatic fgilning 1 DFLK(p) and DFFIK and it doesn't take into account the
hour and settled for 15 days; diesel fuel in asived influence of radial vibrations amplitude on antianeg
condition, in as-received condition treated wittproperty of lubricating environments, and the nundfe
electrostatic field during 1 hour; lubricating ®-20 adjusted stages was defined for limited range of LM
«Azmol»: in as-received condition, in as-receivedherefore, the applied method of research must
condition treated with electrostatic field duringdur. determine:
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- influence of radial vibrations amplitude of trdystem
on anti-wearing properties of LM;

— maximum values of radial deviations of opposite
sample working surface, at which it is possible tg
determine anti-wearing properties of LM;

— number of stages of tests necessary to formestakl
second structures for every type of lubricating
environments at the controlled sizes of radia
deviations.

Working surface of the opposite sample, which
executes relative rotation, 35 mm in diameter an
3 mm wide, is made of steelllk’X15» and is
adjusted using diamond pastes on cylinde
generatrix to the roughness by IBss than 0,02m

(to minimize influence of roughness factor).
Working surface of immobile flat standard, 40 mm
in diameter and 4 mm wide, was also adjusted usin
diamond pastes to the roughnesg IRBss than
0,02 um at front surface. The roughness of th
surface was explored on «LSPP-05». Speed m@fj. 2. Dependence of wear level on the frictiothpia
rotation of the opposite sample during the testecycthe research of anti-wearing properties of jet fU@t1:
was constant. Axial loading, depending on the typEc-1 — basic (in as-received condition);

of |ubricating environment was 0...2000 N. TC-1+TF (1 h_our) — jet fuel TC-1 treated with the fields idgr
Standard, opposite sample, bath and all fastenipgou" at tension U=500V;

- . ; L¥TF**(1 hour) — jet fuel TC-1 treated with the Ifis during 1
details were cleaned with acetone and dried before at(tension) U:JZOOOV' 9

the beginning of the test to remove products @fc-1+TF*2 hours) - jet fuel TC-1 treated with the fields
mechanical treatment and residuals of lubricatinguring 2 hours at tension U=2000V

environments from the surface and defat them.
The criterion of wear was the depth of frictiontpat | 25
on the immobile standard, which was measured 0
profilograph-profilometer «KalibM — 201». 20 -

I, mkm

—o—TC-1

—— TC-1+TF*(1 hour)

—/— TC-1+TF**(1 hour)
B— TC-1+TF**(2 hours)

Results of investigations

The results of basic experiments are represented
graphic dependences (fig. 2, 3, 4). E
The presented graphs prove that the size of we| 105]
considerably went down (approximate by 4 times) g
treatment of jet fuel TC-1 with electrostatic and s |
electromagnetic fields and less considerable deuelias
received as a result of treatment of diesel fuéh e 0 B
indicated fields (1.3 times) and oil M-20 «Azmolb:2
times). It must be noted that in the resulted éxpsts,
time of LM treatment during one hour and during twd
hours gave almost identical results. Another pesiti —#— Dieselfuel
result is that jet fuel TC-1 after settlement di&idays in
the closed vessel for 3000 m of the passed wa giv
wear at the level 4,5 mkm, which is consideraldyg ia
]E:orrpifl_rlson with thet Size Qf d"‘{ﬁa{ t(rj]eflned "20; bmc the research qf a_nti—wearin_g proper?ies of dig.‘_zelzf

uel. 1L 1S necessary 1o remin at the erromef given diesel fuel- basic diesel fuel (in as-received condition);
measurement method makes up 4-5 % and we el fuel + TF*L hour) - diesel fuel treated twihe fields
confidently state positive results of our experiteeand during 1 hour at tension U=500V;

consequently the improvement of LM operationaliesel fuel + TF**(1 hour)- diesel fuel treated with the fields

properties by treatment with imposed electrostatid during 1 hour at tension U=2000V; , ,
electromagnetic fields. diesel fuel + TF**(2 hours) - diesel fuel treateithwthe fields

during 2 hours at tension U=2000V

Fig. 3. Dependence of wear level on the frictiothpa
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lower level of wear reduction was at tension
U =500V and intensity of the field E = 0,272%m:;

— it was found out that time of treatment at idesilti
intensity of the field has insignificant influenom
wear reduction. In the presented experiments,
influence of LM treatment time on the size of wear
during one hour and during two hours gives similar
results.
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