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The physical interpretations of internal magnetic field influence on the processes and phenomena in
places of tribocontacts with textured dimple surfaces were formed. Experimental studies have established
that, along with traditional processes of formation and destruction of surface layer in tribocontact, there are
processes of excitation of internal magnetic fields at edges of discrete regions. Depending on contact pair, in-
duction of magnetic field at the edges of discrete regions is 44-65 mT. The physical processes of magnetic
field influence on mechanism of wear products removal under conditions of boundary lubrication are consid-
ered. It is shown that the ponderomotive force in magnetic field is the force acting on a particle in nonuni-
form magnetic field and directs it towards a greater magnetic field induction — the edges of discrete regions.
The physical processes of the internal magnetic field influence on lubricant are investigated. The internal
magnetic field causes dipole-orientation polarization of lubricant molecules that absorb energy of the mag-
netic field. As a result, the number of diamagnetic molecules of lubricant increases, a stable lubricant layer
on tribocontact surface is formed, and less energy is required to be spent on regeneration of boundary lubri-
cant films, which positively affects wear resistance of surface layer of elements made with textured dimple
surfaces. These processes retain their activity in process of friction when lubricant molecules move behind
the magnetic field created by discrete regions edges. The dependence of lubricant loss tangent on tempera-
ture and magnetic field is investigated. Growth of lubricant temperature above 200 °C leads to a rapid in-
crease in loss tangent by 1.8 times, in comparison with dielectric losses of lubricant not exposed to magnetic
field, due to the formation of ion radical complexes and charge transfer systems, which contributes increase
of relaxation losses by increasing number of dipole molecules and weakly bound ions.
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1. INTRODUCTION

Friction units for machines and mechanisms work-
ing without greasing use solid graphite lubrication,
laminated materials such as MoSz2, TisSiC2 and compo-
site materials reinforced with carbon nanotubes [1-3].
However, the advantages of solid lubricants completely
disappear if the contact surfaces are non-ideal, for ex-
ample, have steps, wavelengths and other defects in
which the two surfaces are pitting.

One of the promising solutions that can solve the
problems of reliability and durability of friction units
and mechanisms in extreme conditions of operation, as
well as create necessary conditions for lubrication with
boundary friction is the use of discrete surfaces [4-7].
The mechanism of wearing discrete surfaces in condi-
tions of boundary friction is complex and depends on
many factors, and today little has been investigated [8].
Processes of friction and wear on surfaces with discrete
regions occur on actual plane of contact between dis-
crete regions. The main role of discrete regions on sur-
face is to supply lubricant to contact area in order to
restore lubricating action of boundary lubricant film
after its destruction [9]. Rate of restoration of boundary
lubricant film depends on the mechanism of supplying
lubricant to places of tribocontact, diffusion, surface
lubrication and spreading of liquid lubricant.
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2. STATE OF THE PROBLEM

The complexity of processes and phenomena that
occur in thin surface layers of tribocoupling, along with
the traditional processes of formation and destruction
of secondary structures, are accompanied by processes
of excitation of electric and magnetic fields. Under cer-
tain conditions, the effect of magnetic field can greatly
change the friction characteristics. These factors play
an important role in the processes of friction and wear
of machines and mechanisms [10, 11].

There are many publications devoted to study of the
influence of external electromagnetic radiation on lub-
ricants and processes of friction and wear. Electromag-
netic radiation affects adsorption and diffusion pro-
cesses, accelerating or slowing down them. The results
of this influence are change in oxidation rate of contact
surfaces, which leads to a change in the intensity of
processes development of seizing, reducing wear, reduc-
ing temperature of oil and samples [12-15].

Physical interpretation of excitation of internal
electric and magnetic fields in places of tribocontact
today is the least investigated. Taking this into account
will allow to logically organize complex research pro-
cesses on the common methodological basis of system
approach, which is based on known principles of pur-
posefulness, modeling, physics, defining the basic pro-
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cedures for conducting systematic studies. This is espe-
cially important for development of theoretical founda-
tions of tribology, because it allows combining various
scientific and technical directions and disciplines.

The purpose of the work is to investigate the physi-
cal phenomena of the internal magnetic field influence
on the processes of wear products removing in places of
tribocontact with textured dimple surfaces.

3. MATERIALS AND METHODS

Investigations of magnetic field induction were car-
ried out using teslameter EM4305/1 (accuracy class
2.5). The influence of permanent magnetic field on die-
lectric constant £ and loss tangent tgd of lubricant was
investigated using a three-electrode capacitive convert-
er in the temperature range 293-423 K with a sample
heating rate of two degrees per minute. The choice of &
and tgd for researches is due to their high sensitivity,
which far exceeds well-known properties such as densi-
ty, viscosity, refractive index, etc., which are widely
used in physical-chemical analysis. Measurements of &
and tgd were carried out by an automatic bridge of an
alternating current E8-4. The error of measurement of
capacitance C was AC=0.001C+0.02pF and
tgs==+ (0.02tg5+ 5-10-4).

Investigation of tribotechnical characteristics of dis-
crete surfaces in conditions of boundary friction was
carried out in accordance with GOST 26614-85, which
establishes a method for investigating materials in
friction with limited supply of lubricant material. As
sample material, steel 45 was used. Discrete regions
(dimples) were formed on the working surface of a
counterface made of 30KhGSA steel, by plastic defor-
mation of material with dynamic action of the indenter
using a special device [16] with parameters of the tex-
tured dimple surface: distance between rows of dimples
2.0-10-3m, distance between dimples in the row
2.0:10-3 m, depth of dimple 1.5:10-3 m. Additionally,
textured dimple surfaces were strengthened by the
method of ion-plasma thermocyclic nitriding [17].

For testing of discrete surfaces in conditions of
boundary friction a friction machine M-22M was used.
Contact of friction pair occurred under the "disk-block"
scheme. As a lubricant, industrial lubricant I-20 was
used in accordance with GOST 20799-75. To provide a
mode of boundary friction, the lubricating device was
used in accordance with the recommendations of GOST
26614-85.

4. RESEARCH RESULTS AND THEIR
DISCUSSION

High wear resistance of textured dimple surfaces
and particular discrete regions is due to the high pro-
tective effect of surface layers, as well as the high effi-
ciency of boundary lubricant films. Lubricants, which
are used to restore the boundary lubricant film de-
stroyed in tribocontact, will be stored in discrete re-
gions. The surface of the immovable sample 1 will be
permanently lubricated by the flow of lubricant mate-
rial 6 (Fig. 1) stored in discrete regions under the ac-
tion of the resultant force R, which pulls fluid particles
to the rear edge 4, thus ensuring the regeneration of
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boundary lubricating film on surface of tribocontact.
The resultant force R consists of forces of surface ten-
sion F: and centrifugal (inertial) force Fi.
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Fig. 1 - Movement of lubricant under the action of forces on it
in the process of boundary friction: 1 —sample; 2 — lubricant;
3 — counterface; 4 —rear edge; 5—leading edge; 6 —flow of
lubricant

Along with the sufficient oil content of discrete re-
gions, the active resultant force will provide a high rate
of lubricant flow on regions of actual tribocontact in
inter-dimple space, accelerating the process of regenera-
tion of boundary lubricating film, which is determined
by time of adsorption filling of gaps in its regions. These
processes improve the tribotechnical characteristics of
friction and reduce the wear of contacting surfaces.

Magnetic properties of the textured dimple surfaces
affect processes of friction and wear by the formation of a
mechanism for wear products removing. Experimental
studies have established that on the edges of discrete
regions an actual magnetic field is formed (Table 1). De-
pending on the contact pair, the induction of the magnet-
ic field increases sharply and is 10-26 % higher, in com-
parison with the induction of the magnetic field between
the dimples space, which is 44-65 mT. In a discrete re-
gion, the magnitude of the magnetic field induction
drops sharply to 13-17 mT.

Table 1 - Influence of the contacting pair materials on the
magnetic field induction on the contact surface of samples
with discrete regions

Magnetic field inductance, mT
Contactlr.lg pair 1pter- dimple dimple
materials dimple .
edge middle
space
Cast iron-cast iron 48 65 13
steel 45- steel 45 46 53 13
14Kh17N2-14Kh17N2 45 58 14
30KhGSA-30KhGSA 45 58 15
30KhGSA — steel 45 45 50 14.5

30KhGSA — steel 30 38 48 17
Cast iron — steel 30 40 44 17

The regularities of magnetic field influence on the
mechanism of wear products removal in the conditions
of boundary lubrication are established. As a result of
force interaction between the magnetic field of wear
products and the magnetic field of the discrete region
edges, which far exceeds the magnetic field of the wear
products and roughness of the friction surface, a non-
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uniform resultant field forms leading to the pondero-
motive force arising Fp. The force Fp acts on wear par-
ticles and directs them in the direction of greater in-
duction of magnetic field — the edges of discrete regions
(Fig. 3a). Consequently, the ponderomotive force in a
magnetic field is the force acting on a particle formed
in the process of friction in a non-uniform magnetic
field. It will be directly proportional to the half-square
of the equipotential magnetic field of the equal poten-
tial of the edges:

HZ
FP:mZ 26)

where m is the mass of wear particles, H. is the mag-
netic field of the edges of discrete regions, y is the
magnetic susceptibility of a wear particles.

Each particle of wear products in a magnetic field
will be directed to the top of edge with a larger axis
(Fig. 2b), which has a higher magnetization. Most of
the particles will be concentrated near the leading edge
in accordance with the direction of counterface rota-
tion. This is due to the action of resultant force R on
the lubricant flow 4, which limits the concentration of
wear products at the rear edge, moving part of them to
the leading edge and into the middle of discrete re-
gions. This results in a greater wear on the vertex of
leading edge, compared to the rear edge.
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Fig. 2 - Physical model of a magnetic field influence on the
mechanism of wear products removal in the dimple in condi-
tions of boundary lubrication: a — dimple; b — a separate parti-
cle of wear products; I - sample; 2— a particle of wear prod-
ucts; 3 — counterface; 4 — flow of lubricant under the action of
the resultant force; 5 — lubricant; I, I, — horizontal and verti-
cal components of magnetization; H. - equipotential fields of
equal potential of the dimple edge; Hs — equipotential fields of
equal potential of inter-dimple space

When wearing out the edges of discrete regions, the
magnetic field lines are reduced to the magnitude of
magnetic field induction of the inter-dimple space and
the wear products are subsequently moved into dis-
crete regions due to the inertial force. These processes
eliminate the probability of occurrence of critical loads
and temperatures in the friction zone and prevent the
occurrence of inadmissible processes of the surface lay-
er damage of inter-dimple space at the points of actual
contact, which in aggregate improves the tribotechnical
characteristics of the friction pairs and increases the
resource of the entire tribosystem.
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In addition, the magnetic field created by the edges
also affects the lubricant, which results in a dipole-
orientation polarization of the lubricant molecules

within the boundaries of influence E by absorbing the

energy of the magnetic field by the molecules of the
lubricant. Since the lubricant is a diamagnetic, in the
electron shells of molecule atoms (due to the phenome-
non of electromagnetic induction) induction currents
arise. The induction magnetic moment created by these
currents, in accordance with the Lenz rule, is directed

opposite to the magnetic field of the edges E The

magnetic field induction of the lubricant molecules B—lm
created by these currents will weaken the magnetic
field E (Fig. 3). Therefore, the total magnetic field in

the volume of the lubricant is characterized by a vector
of magnetic induction and will be equal to

where y, is the magnetic constant, EE is the induction

of the magnetic field of the discrete regions edges, BTm
is the induction of the magnetic field of lubricant mole-
cules, J is the magnetization vector of the lubricant
molecules. Given that o :E;(, induction can be re-
lated to the intensity

B=puH, =t H,(1- 7)) ,

where 4 = 1 — x is the magnetic permeability of the lub-
ricant molecules, which shows how many times the
induction of the magnetic field in the lubricant differs
from the induction of the same field at the edges of the
discrete regions.

The lubricant molecules retain the energy of their
magnetic field in the event they are outside the mag-

netic field ge in the process of friction. As known, the

period of energy relaxation of hydrogen proton, after
removal of magnetic field, is about 103-104 seconds, and
of the electron is a hundredth of a second (the energy is
given to lattice). Due to the superfine interaction, pro-
ton transmits the energy to the electron, the speed of
its rotation around the hydrogen atom increases, in-
creasing the induction of the magnetic field. This leads
to the fact that the processes of the boundary film re-
generation in the inter-dimple space will occur at lower
energy costs.

V.
Fig. 3 — Direction of induction vectors of magnetic fields E

and B,
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To confirm this conclusion, studies of the influence
of temperature and magnetic field on the loss tangent
were carried out (Fig. 4).
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Fig. 4 — Dependence of the lubricant loss tangent on tempera-
ture and magnetic field: 1-1tgé8 2 - tgd after the magnetic
field action

After the action of the magnetic field, dielectric
losses (Fig. 4, curve 2) at room temperature remain
practically unchanged. Further growth of the lubricant
temperature leads to a rapid increase in the loss tan-
gent by 1.8 times, in comparison with the dielectric
losses of the lubricant not exposed to the magnetic field
action (Fig. 4, curve 1). This is due to the formation of
ion radical complexes and complexes with transfer of
charge, which contributes to the increase of relaxation
losses due to the increase in the number of dipole mole-
cules and weakly bound ions. It can be explained by the
fact that when the temperature increases, the lubricant
molecules acquire thermal energy (Wn) and get the
opportunity to orientate in the magnetic field created
by the discrete regions edges (We) due to the fact that
We > W

Thus, under the action of the magnetic field on the
lubricant, which is created by the discrete regions edg-
es, the dipole-orientation polarization of the lubricant
molecules takes place due to the fact that We > Wpn. As
a result, the number of diamagnetic molecules of lubri-
cant increases, a stable lubricant layer on tribocontact
surface is formed, and less energy is required to be
spent on regeneration of the boundary lubricant films,
which positively affects the wear resistance of the sur-
face layer of elements made with textured dimple sur-
faces. It should be noted that the above-mentioned pro-
cesses retain their activity in the process of friction
when the lubricant molecules move behind the magnet-
ic field created by the discrete regions edges.
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Di3uuHi yABIEHHS BIUIMBY BHYTPIIIHHOI0 MATHITHOTO HOJIA HA MPOLECH B TPUOOKOHTAKTI Te K-
CTYPOBAHUX JIyHKOBUX IIOBEPXOHb

B.€. Mapuyx!, M.B. Kiggpauyx!, B.I. Mipuenxko?, P.I'. Muanaxauos!?, A.O. Kopuierkol,
0.B. Bamrral, C.B. ®emopuyxk!?

! Haylonanvruti asiauyiiinuil yHisepcumem, npocn. Kocmonaema Komaposa, 1, 03058, Kuis, Ykpaina
2 Hayionanvruil yHisepcumem oboporu Yrpainu imeni Isana Yepraxoscvrozo, Ilogimpoghromevkuil npocnexm, 28,
03049, Kuis, Yxpaina

Bynu chopmosani ¢isuyHl ysaBIeHHS BIUIMBY BHYTPINIHBOIO MATHITHOTO IIOJIS HA IIPOIIECH 1 SIBUINA B
MiCIIIX TPHOOKOHTAKTY 3 TEKCTYPOBAHUMU JIyHKaMU. EKcIIepuMeHTaIPHUMK JOCIIKEHHSIMI BCTAHOBJIEHO,
[0 TOPS] 3 TPATUIIMHUME IIPOIleCAMU YTBOPEHHS 1 PyHHYBAHHS IIOBEPXHEBOIO Iapy TPUOOKOHTAKTY,
BUHHUKAIOTH IIPOIIECH 30Y[yKEHHs BHYTPIIIHIX MATrHITHHX IOJIB HAa KPOMKAX OWCKPETHUX IUISHOK. B
3aJIe’KHOCT] BiJl KOHTAKTHOI ITapy, 1HIYKINS MATHITHOTO IIOJIS HA KPOMKAaX IUCKPETHUX JUISHOK CTAHOBUTH
44-65 mT. PosristayTo isuyHl mpoltecw BIUIMBY MArHITHOTO IIOJIsI HA MeXaHI3M BHJIyYEHHS IIPOIYKTIB
3HOIIIYBAHHS B yMOBAaxX I'pPaHWYHOro 3MmalleHHs. [lokasaHo, I0 IOHIEPOMOTOpHA CHJIA B MATHITHOMY IIOJI
ABJIsTe cO00I0 CHILY, SIKA Ji€ Ha YACTUHKY B HEOMHOPIJHOMY MATHITHOMY IIOJI 1 cIpsaMOBYye 11 B Gik O1JIBIIIOL
IHAYKII MAarHITHOTO IIOJII — KPOMOK JWCKpeTHHX MinsHoK. JlocmimxeHo iswdHI IIpoliecH BIUIHUBY
BHYTPIIIHBOIO MAarHITHOTO IOJIS HA MACTWJIBHUN MaTepiajsl, B Pe3yJbTaTl SKOT0 BIOYBAETHCS JHIIOIBHO-
opieHTAIIfHA [OJIIPU3Allisi MOJIEKYJI MACTHUJIBLHOIO MaTepiayly 3a paxyHOK IIOTJIMHAHHS eHepril MarHiTHOTO
TOJIS MOJIEKYJIAMHA MACTHJILHOTO MaTepiajly. B peaynbrari 30LIBIIYEThCS KIIBKICTh JIAMATHITHUX MOJIEKYJI
MAaCTHJIFHOTO MaTepiajly Ha II0BEPXHI TPHOOKOHTAKTY, YTBOPIOETHCS CTAOLIHHUN MACTUJIBHUM IIap 1 MeHIle
eHepril HeoOX1JHO BUTPATUTH HA pereHeparriio rpaHuYHUX MACTHUIBHUX ILIIBOK, 1[0 IO3UTHUBHO BILJINBAE HA
3HOCOCTIMKICTD II0OBEPXHEBOIO IMapy JeTajiefl 3 TeKCTYPOBAHMMH JIYHKOBHMH IoBepxHaMmu. Jlai mporecu
30epiraloTh CBOK AKTHUBHICTH y IIPOIIECl TEPTS IPX BHUXOAl MOJIEKYJ MACTHJIBHOIO MaTepiaiy 3a Meskl il
MAaTHITHOTO IIOJIsI, CTBOPEHOTO KPOMKAMH JVMCKPETHUX IUISHOK. JOoC/io:KeHO 3ajesKHICTh TaHTeHca KyTa
MieJIeKTPUYHUX BTPAT MACTHJIBHOIO Marepiajy Bl TeMIEpaTypd 1 MACHITHOTO IIOJIS. 3POCTAHHS
TeMIlepaTypy MacTHIbHOro Mmarepiany Buile 20 °C Ipu3BOAWUTDH [0 IIBUIKOrO 30LIBIIEHHS TAHTEHCA KyTa
[leJIEKTPUYHUX BTpaT B 1.8 pasu y MOpIBHSAHHI 3 JleJIEKTPUYHUMK BTPATAMH MACTHJIBHOTO MaTepiaiy, He
MiJUTAHOTO BILIUBY MATHITHOTO MOJIsA, 34 PAXYHOK (DOPMYBaHHAM 10H-PaIUKAIPHUX KOMILJIEKCIB 1 KOMILJIEKCIB
3 IIepeHOCOM 3apsiiy, IO cupuse 30LIBLIIEHHI0 pPeJaKCAIiHWX BTpaT 3a PaXyHOK 30UIbIIEHHS dHCcsIa
JIUTIOJIFHUX MOJIEKYJI 1 cs1abo 3B’sI3aHUX 10HIB.

Knrouori cnopa: Brayrpimse maruitae nose, TexcrypoBana syHKOBa moBepxHs, MacTuipHUN MaTepia,
JluckperHa migaHaka, [HIyKITIS MATHITHOTO TOJIS.
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