Problgs of Tribolop: &2

Prablens af Tribalagyy, 24 (393) (208) 62-67

/P? Problems of Tribology
v Wbsite: hitg:/itribology khnban uey index php/ProbTrib

E-mail? tribosenatoriEgmatl.com
DO gyl 031891 070 22010533267

Research of the contact and deformation properties of lubricated surfaces

0.V, Dykha', 5.F. Posonsky

Khwrelnitokyd Navional University, Ukraine
*E-mail: iribosenaroria gmail conr

Annotation

The questions of the influence of the lubricant on the conditions of deformation in the contact of solids
are considered. The steel spherical specimen was pressed into a greased and dry metal surface. The
microstructures of the structure of the surface laver are studied under various conditions of deformation. The
diagrams of the relative deformation of the surface layers are constructed. The mechanism of the formation and
distribution of imernal stresses for dry and greased contact is described. Experimental studies of the introduction
of a moving steel indenter into a lubricated surface have been carmied out. The relationship of the deformation
mechanisms of lubricated surfaces with their wear resistance is determined,

Key words: lubricated surface, indenter penetration, deformation, intermal stresses, friction force, wear
resistance.

Iniroduction

Most of the machines’ friction units operate in the conditions of boundary lubrication of contacting
surfaces, While designing and improving these units, it is necessary to determine the force conditions of contact
interaction and, first of all, normal pressures and shear stresses.

In the condition of lubricant’s presence, pressure calculation 15 possible only if there is data on the
normal deformation properties of surfaces coated with a layer of a lubricating film.

The research on the influence of the lubricating medium on the deformation during static indentation of
the indenter in the material surface is well known and presented in [1]. The analysis of the received results shows
that in all cases, the indenter penetration (deformation) into a lubricated surface is larger than into a dry one,

Literature review

By using the pendulum method, described in monograph [1], it was established that under conditions of
viscous fmction, oscillation attenuation curve on the elastic laver of molecules has a linear law. However, the
oscillation attenuation curve on an unordered laver of lubricant is characterized by the logarithmic law of
damping. These data were obtained experimentally and the study lacks a theoretical description of the
mechanisms of viscous friction, which explain the results received.

Article [2] examined experimentally and theoretically free fluctuations of a physical pendulum, which
rests with two balls on a flat surface. The theory of damping fluctuations proposed in the study for evaluating the
energy losses is of a phenomenological nature and is not based on a strict mathematical description of the
mechanisms of Muctuation process, which makes it difficult 1o give the guantitative assessment of losses caused
by friction.

In paper [3], a differential equation for the swinging pendulum is obtained, taking into account the
deformation of a surface and a deformation component of the friction force. However, the authors examined only
a particular case of small deformations, commensurate with the dimensions of contact arca of the ball support of
a pendulum. This solution is not applicable for describing the macro-displacements in the support of a pendulum,
characteristic for the actual friction units of sliding in machines.

Authors of article [4] conducted a nonlinear regression analysis based on the results of experimental
studies into the damped oscillations of a physical pendulum, which made it possible o formulate the criteria for
choosing a theoretical model of the dissipation of viscous friction. However, the experiments were performed for
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the conditions of balls rolling on the support, that is, for the small areas of contact in comparison with
dimensions of the balls, which also docs not make it possible to adequately utilize the obtained resulis for
evaluating the characteristics of viscous friction in cylindrical siding supports (bearings).

Paper [5] describes an experimental study of losses to friction in the fnction pairs made of metal-
polymer materials. In this case, dry friction without the use of a lubricant is examined, which is not characteristic
fior the cylindrical sliding supports. that work under boundary or even liquid friction mode.

Article [6] explores approaches in the development of procedures for determining the characteristics of
friction convenient for the practical application under operating conditions of machines. Simple formulas for
calculating the coefficient of friction at reciprocating rocking movements on a pendulum device are proposed.
The formulas received are not based on the differential equations, which describe the process of viscous friction,
and vield only rough estimates of the indices of friction.

Paper [7] deals with the estimated-experimental procedures for determining the characteristics of
friction based on a variation approach. This approach implies the use of approximating dependences of
experimental data, which renders the solution approximate, depending on the subjective factors,

The experimental method for measuring the characteristics of friction was applied in article [8] for
examining special features of high-speed friction under conditions of thermal loading and at limited lubrication.
The criterion of damping the friction fluctuations proposed in this case is not applicable o the case of viscous
friction, where such fluctuations are practically absent as a result of the damping action of a layer of lubricani.

Paper [9] emploved a pendulum method in order to solve a problem on determining the contact rigidity
of steel spherical models at dynamic loading using the system of differential equations, However, the tangential
component of contact stresses from the frictional forees in this case was not considered,

Articles [10, 11] proposed and implemented design concepts of devices for the accelerated tests on
friction and adhesive properties of the actual friction units of the "wheel - rail” type. The design of a pendulum
device, applied in the work, for studying the adhesive properties according to the scheme “cylinder — plane” does
not allow using it for evaluating the viscous friction of cylindrical sliding suppors.

Methodology and research results in conditions of the static contact

Experimental studies of the deformations of lubricated and dry contact were carried out by means
Brinell’s test. The indentation was carmied out on a hardness tester with a force of 105 N with a steel ball from
ShKh15 o = 10 mm. Simultancously, prints were made in conditions of dry and lubricated contact. To analyze
the magnitude of the strains, the grid method was used, The strain grid lines were made photos of and enlarged
by means a digital camera (Fig. 1).
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Fiig. 1. The grid lines deformation Fig. 1. Relstive deformation disgram:
1 - dry surface;
1 - lulsricated surface

The grid lines through the lower points along the axis of the deformation of the lubncated surface show
a larger degree of deformation compared to deformation of a dry surface. Based on the measurememts of the grid
lines, we obtained diagrams of the relative deformation of the material in depth along the axis of the holes.
Relative deformation diagrams for lubricated and dry contact are shown in Fig. 2.

Deformation diagrams’ analysis shows that the degree of relative deformation of the material in depth is
larger for a lubricated contact. In the case, the dependence of deformation on depth for a lubricated contact is
linear in comparison with nonlinear deformation for dry contact.

To analyze the structure of the matenial in the result of deformations in a lubricated and dry contact,
micrometric studies were carried out. Pictures of the material structure in the zone of the deformation holes for
lubricated and dry contact are shown in Fig. 3.
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Diry contact Lubricated contact

Fig. 3. Material microstruciure
In the rone of deformation hsle
far diry amd hibricated contact

In both cases of steel sample surfoce deformation, grain elongation s observed near the surface,
However, the depth of the layer of deformed grains and the distribution of the deformation depth over the surface
of the hole are different, The depth of the grain deformation laver for dry contact is maximum in the center of the
hole and decreases to its edges. For lubricated contact, the depth of the grain deformation layer is steady over the
entire surface of the deformation hole. Such a difference in the surface layer material deformation determines its
stressed state in the case of dry and lubricated contact.

Let us analyze the stress state of the surface layer during the contact interaction of the ball and the
plane. Duning the contact interaction of the ball with the surface through a lubricating film, the metal is evenly
deformed in the radial direction, while the surface layer is elongaied. Afier removing the load, the elastically
deformed subsurface layer tends to retum the surface layer to its initial position, creating in it evenly distributed
compression stresses (Fig. 4, a),

Fig. 4. The scheme of internal stresses’ formation:
a — lubricabed confact:
b - dry contact

In case of dry contact (Fig. 4, b), the surfaces in the contact adhere due to high contact friction.
Deformation of the material occurs normally deep into the surface. In this case, the subsurface layer in which
COMpression stresses anse, is more intensively deformed, and in the surface - tensile siress.

Thus, the elastic-plastic non-lubricated contact contributes 1o a more intense accumulation of defects
(dislocations, vacancies) in the surface layer and the concentration of internal stresses in comparison with the
lubricated contact.

The destruction of surface layers in the process of wear is known to begin in places of stress
concentration. Thus, to reduce wear, the contact conditions of the surfaces should ensure the deconcentration of
internal stresses and their uniform redistribution in the volume o reduce crystalline defects.

The analysis of the deformation conditions for lubncated and dry contact during the static introduction
of a spherical indenter showed the following:

1) indenter penctration depth into the lubricated surface is larger than into dry one on average by
B - 10 %

2} relative deformation deep into the surface of the material along the axis of the deformation hole is
described by a linear regularity and non-linear for dry contact, which indicates an even decrease in stresses deep
into the lubricated surface;

3) wniform disinbution of the layer of deformed grains over the deformation zone for a lubricated
contact indicates the uniform distrbution of stresses over the deformation zone;

4) uniform distribution of stresses in the contact of lubricated surfaces reduces the appearance of
imperfections in the erystal struciure (vacancies, dislocations) in the surface layer. This contributes to increased
weear resistance compared to contacting surfaces without lubrication.
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Indenter movement with lubricated and dry contact of friction surfaces

Further studies of dry and lubricated surfaces’ deformation propertics were carried out for a moving
indenter. Indenter 2 (Fig. 5) was loaded with axial load through a system of levers 3. Sample 1 with a lubricant
sample moved in the longitudinal direction. The indenter penetrated into a dry surface and moved to the entrance
to the lubricated zone. Herewith, the penctration depth and the movemenis resistance measurements were made.

L] = ADC

Fig. 5. Test scheme
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Fig. 6. Dagrams of changes of pemciration depth b and resistance force F
af the indentor on the siee of movimg 5
an dry and lubricated sample surface

A standard ball with a diameter of 2.5 mm made of ball-bearing steel was used as an indenter. The limits
of the load, acting on the indenter made up 0.5 ... 3 N. The accuracy of measuring the load acting on the indenter
was 0,02 M. The samples were made of brass LC 59-1 as a standard microsection. The system for measuring the
resistance to displacement consisted of a strain gauge with a sensor (measurement accuracy 0.02 N). The
penetration depth measurement system included a strain gauge with a sensor with a measurement accuracy of |
mkm. The signals from the strain gauges through the strain gauge were transmitted to an analog-and-digital
converter and a computer, The voltage from the strain gauges in the time coordinate with a division value of 0.5
5 was reproduced on the display screen. This commesponded to the indenter moving by a linear value of 28 mkm.
The indenter was introduced into the dry surface of the sample with a constant force of 2.5 N, The sensor
readings were taken for 100 s, which corresponded to a 5.6 mm displacement of the sample relative 1o the
indenter. Fig. 6 shows diagrams of parameter changes for two lubricants types.
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Consequently, it was found out that the penctration depth of the indenter increases when passing
through the lubricated area, which indicates its easier deformation compared to penetration into a dry surface.
The resistance force during the passage of the indenter along the lubricated area also increases, which is
explained by the indenter deepening. This leads 1o an increase in the volume of the deformable material and the
resistance force.

Conclusions

1. For studying

the normal deformation properties of lubricated surfaces, a comparative analysis of lubricated and dry
surface deformation conditions was carried out during tests by means of a Brinell test.

2. The analysis of the deformation conditions for the lubricated contact showed that the deformation
deep into the surface of the material along the axis of the deformation hole is described by a linear regularity and
a non-linear one for dry contact. A uniform distribution of deformed grains for a lubricated contact indicates a
uniform distribution of stresses and a decrease in the concentration of structural defects. This accordingly
contributes to increased wear resistance;

3. It is found out that the resistance force increases when the indenter moves along the lubricated area,
which is explained by the indenter deepening, The resulis of observations showed an increase in the width of the
grooves of the tracks in all cases after entering the blurred area by 20 - 35 percent,

4. The results obtained show that more intense deformation of irmegularities in a lubricated contact helps
to accelerate the running-in process and reduce contact pressures of contact aneas.

5. Together wiih the traditional mechanism for reducing wear as a resuli of the formation of adsorbed
layers on lubricated friction surfaces, the contact-deformation mechanism for reducing the wear of lubricated
surfaces is justified,
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Jdpaxa A.B., Mocomcknit C.P. Hecaenosanse wonTaxmio-gedopMalionisx CBONCTE cAMIIampx
noBepxHocTeR.

PaccmampHBaoTea BONPOCH BANAHNA CMAIOUHOND MATEPHALE HA YERORHA JAedopuMHpOBANHA B KOHTIKTE
mhepamx  Ten. [lpokeacHo  BHEAPCHHE OTATOHROTO  CepHucckore o0pasiad B CMIIAHHYIO W CYXVIO
MCTALIHYCCKYH)  MOBCPXHOCTE,  HooneaoBaHel MMKPOCTPYKTYPH  CTPOCHHE  NOBCPXHOCTHOID CAOR  TIpH
paaiiiby  vedosiax Aedopunipopaisia.  [ocTpoeiini  AMarpassel oTHOCHTEARNON aedopsiiliin  choen
NoBEpXHOCTH. OnHcan MexanniM GopuMHPOBAHHA HPANCTIPCASICHNA BRYTPCHHHX HANPERCHHE N4 CyXoro W
CMIIAHHOTD KOHTAKTA. I'Ip-nuqmﬂu ICCMCPUMEHTANLHBIC HCCICAOBAHHA BHCAPCHHE JEHEYUICIOCE CTATRHOND
HILIEHTOPa B CMOBAHMYH nopepimocTs. Onpenenena comsb  AoPOPMAUMOHHLE  MEXANHIMOB  CMASIHNBX
NOBEPXHOCTEH © HX HWIHOCOCTONKOCTHIO,

Kawuesrie cA0Ba: CMAMNNAS NOBSPXUOCTE, BHEADEHHE HHACHTOPA, JedpuMaing, BUYTPEHHRE
HANPAREHHA, CHIA TPEHIA, HIHOCOCTOMKOCTE,



