Problems of Tribology, V. 28, No 1/107-2023, 6-12

/—\ Problems of Tribology
PT Website: http://tribology.khnu.km.ua/index.php/ProbTrib

E-mail: tribosenator@gmail.com

DOI: https://doi.org/10.31891/2079-1372-2023-107-1-6-12

Influence of microgeometry in the point contact zone of rest friction
on fatigue life for friction bearing units
A. Milanenkot

INational Transport University, Kyiv, Ukraine
*E-mail:milanmasla@gmail.com

Received: 11 December 2022: Revised: 20 January 2023: Accept: 02 February 2023

Abstract

A comprehensive methodology has been developed to assess the maximum contact stresses and
deformations in the point contact zone and the maximum tangential stresses, including their position in the
subsurface zone in depth and in the rolling direction when the microgeometry of the rest contact.
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Introduction

One of the most important factors limiting the durability of bearing units is fatigue damage, namely pitting,
which occurs during repeated cyclic loading. Since metal elements are damaged, fatigue is usually associated with
the problem of metal stability and microgeometry of the contact zone. While fatigue life has been significantly
increased by controlling the type and size of non-metallic inclusions, heat treatment and the introduction of
alloying additives to the base metal, little or no thorough research has been paid to the influence of microgeometry
in the contact zone, especially for bearing assemblies.

In any case, a comprehensive calculation methodology is needed that would allow to take into account the
influence of microgeometry on the fatigue life of bearing units.

The purpose of the work

To develop a comprehensive methodology for assessing the influence of microgeometry on the maximum
contact stresses and deformations in point contact, the maximum tangential stresses and their penetration position
in the subsurface zone along the depth and direction of rolling under resting friction conditions.

1. Technique for researching the properties of coatings for the influence of microgeometry.

The method of calculating the maximum stresses, deformations, position and value of the maximum
subsurface tangential stress is necessary to assess the fatigue life of friction bearing units [1].

Hydrodynamic lubrication is characterized by surfaces that fit well together, that is, surfaces that have a
high degree of geometric similarity, and the load is transferred over a relatively larger plane. In addition, the actual
plane for such surfaces remains virtually constant with increasing load.

But many bearings do not have a very good surface fit. The full load falls on a relatively small plane. As a
rule, the actual contact area increases significantly with increasing load, but still remains small compared to
surfaces that fit well together. The loads per unit area for adjacent bearings are relatively small, about 1 MPa and
rarely 7 MPa. But the load per unit area in contacts with non-adjacent surfaces, like to the contacts of ball bearings,
usually exceeds 700 MPa even with a moderate load on the bearing. Such high pressures lead to elastic deformation
of the materials, resulting in elliptical contacts that can support these loads. Therefore, appropriate simplified
calculations of stresses and deformations in the contacts of non-adjacent surfaces are required.

To model a real friction unit, it is necessary to know the field of static contact of interacting bodies.
Determination of the properties of static contact of interacting parts in non-conformal (with local contact) nodes
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is reduced to determining the type and type of contact field, maximum contact and tangential stresses and strains
in the field and within the contact field (Fig. 1).

Fig. 1 - Geometry with point contact friction

In general, the geometry of undeformed contacting bodies can be represented by pressing two ellipsoids.
Two bodies with different radii of curvature in the two principal planes (x and y), passing through the contact
between the bodies, touch at one point at zero load. This state is called point contact, in which the radii of curvature
are denoted by r (see Fig. 1). It is assumed that convex bodies have positive curvature and concave bodies have
negative curvature. Thus, if the center of curvature lies inside the body, the radius of curvature is positive,
otherwise it is negative.

It is important to note that if the choice of x and y coordinates satisfies the condition:

L_}.L 2L+L (1)
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then the x-coordinate determines the direction of the minor semi-axis and the y-coordinate determines the
major semi-axis of the contact ellipse that occurs when the load is applied. The direction of motion is always given
along the x-axis. The sum of curvatures (reduced radius of curvature), which is necessary in the analysis of contact
stresses and strains, is determined by the following formula:
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The ratio of radii of curves a is determined by the following formula:
=R
a=- (5)
The shape of the plane of such contacts is called point contacts. Point contacts can be elliptical (Fig. 2, a),
when the ratio of radii of curvature o # 1, or circular (Fig. 2, b), when o = 1, since rax = ray and rpx = ry, then
according to expressions (3) and (4), it turns out that the radii of curvature Rx = Ry = r/2. If the radii of curvature
ray and ryy are infinite, the initial linear contact is transformed into a rectangular contact under load.

a — elliptical contact 6 — circular contact

Fig. 2 a, b. Shape of friction point contact at change of microgeometry, made by optical interferometry
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The ellipticity parameter k is defined as the ratio of the diameter of the elliptical contact in the y direction
(transverse direction) to the diameter in the x direction (direction of movement):

k (6)
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If condition (6) is satisfied and o > 1, then the contact ellipse will be oriented with a large diameter across
the direction of movement (see Fig. 2, a), i.e., k > 1, which is characteristic of the contact form formed in ball
bearings with an outer ring and tubular roller bearings. Circular contact (see Fig. 2, b), where a = 1, k =1, is
characteristic of ball bearings with self-aligning outer ring. In the elliptical contact, in which a < 1, k < 1, the
contact ellipse, on the contrary, will be oriented with a small diameter across the direction of movement and is
characteristic of some gears and locomotive wheel contact on the rail (this option was not considered in this work).

If two elastic bodies are brought into contact under load, a plane appears, the shape and size of which
depends on the applied load, the elastic properties of the materials and the microgeometry of the contact.

Under conditions of elastohydrodynamic (EHD) lubrication, two surfaces are separated by a lubricating
layer, the thickness of which has the shape shown in Fig. 3.

With the usual parabolic approximation for the shape of an undeformed film, the thickness of the lubricating
layer under deformation will be as follows:
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where X; y - Cartesian coordinates.
The total normal deformation d (x1; y1) of two surfaces is defined by the following equation:
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where the reduced modulus of elasticity E' is equal:
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where E; and E; are the elastic modulus of the 1st and 2nd bodies in contact with each other; vi; v are the
Poisson's ratios of the 1st and 2nd bodies, respectively; Xi1; y1 are the nodal points along the x and y axes.
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Fig. 3. Microgeometry of circular friction contact taking into account elastic deformations:
ho - central thickness of the lubricating layer; d(0;0) - the value of elastic deformation in the central contact area;
h(x; y), d(x; y) - current value of thickness and deformation; hx= (x>+y?)/2R - current value of thickness at hg =
0; Rx - equivalent radius of curvature in the X plane.

For an approximate calculation of deformations and stresses in point contact, a simplified calculation of
stresses and deformations can be used according to the method [2], which allows solving the classical Hertz
problem without the use of complex mathematical calculations on a computer using simplified formulas.

The classical Hertzian solution for deformations requires the calculation of the ellipticity parameters k and
the calculation of elliptic integrals of the first y and second € kind. For point friction contact, the parameters y and
¢ as functions of a are simplified by means of approximating curves. These parameters make it possible to
determine the deformation § in the center of contact with a small loss of accuracy, but without the use of complex
mathematical calculations when using diagrams, as well as the maximum contact stress omax in the center of contact
depending on the ratio of the radii of the curves a.

The maximum contact stress in the center of the point contact omax is calculated by the following formulas:
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- for circular contact:

3F

(10)

Omax = 5722
where F is th(le applied load, N;
a= (%)5 — circumferential contact radius, m.
- for elliptical contact:
Omax = 75 oo (11)

where F is the applied load, N;
D, =2-((6-k* &-F-R)/m-E")— diameter of the major axis of the elliptical contact, m (see Fig. 2, a);
D,=2-((6-¢-F-R)/m-k-E")—diameter of the small axis of the elliptical contact, m (see Fig. 2, a).
The maximum deformation in the central contact zone 3 is calculated by the following formulas:

- for circular contact:
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One of the causes of wear is material fatigue caused by cyclic strong and elastic deformations on the
surface. Fatigue cracks are formed at a certain depth in the plane parallel to the rolling direction. Therefore,
special attention is paid to the amplitude of the tangential stress in the part of the plane where it reaches a
maximum.

The value of the maximum tangential stress of the point contact max is determined by the formula:

- for elliptical contact:

Vv2-t—1
Tmax = Omax * m' (14)

where t =1+ 0,16 - csch (a?™/2) — a reduced auxiliary parameter.

It should be noted that max represents the maximum half-amplitude of the subsurface orthogonal
tangential stress.

Taking into account that the stresses are referred to a rectangular coordinate system with the origin at
the center of contact, the z - axis coinciding with the internal normal of the body under consideration, the x -
axis along the rolling direction and the y - axis perpendicular to it, we find the position of the maximum point
(depth) max in the xz- plane:

- for the circular contact:
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- for elliptical contact:
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Results of calculations for the influence of microgeometry

(17

Below are the input parameters of microgeometry, materials and values of elliptic integrals of the 1st and
2nd kinds for simplified calculation of stresses and strains of friction point contacts (respectively for circular and
elliptic contacts) in the range a < 100 (Table 1) for two selected bearings.
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Tablel

The input parameters of microgeometry, materials and values of elliptic integrals of the 1st and 2nd kinds

Input and initial design parameters chul:r:;)ntact, Elllptlzal=c60ntact,

1. The reduced radius of curvature, Ry, mm 6,35 15,24
2. Ellipticity parameter, k 1 5
3. Ellipticity parameter of the 1st kind,

T, (m 1,5708 2,5935
1/) =;+(;—1)-lna
4. Ellipticity parameter of the 2nd kind, 15708 10951
e=1+(G~-1/a) ’ ’
5. Auxiliary parameter t 1,307 1,070
6. Modulus of elasticity E;, Pa 2,07 - 101 2,07 - 1011
7. Modulus of elasticity E,, Pa 0,757 - 1011 0,757 - 10!
8. Poisson's ratio vy 0,30 0,30
9. Poisson's ratio v 0,25 0,25

The results of a simplified calculation of the maximum contact stresses, deformations, maximum tangential
subsurface stresses and its position in the xz - plane with an increase in the applied load for two bearing units with
different microgeometry of contact are presented graphically in Fig. 4 - 8.

—@— Circular contact
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Fig. 4. Influence of microgeometry in the point contact
zone on the deformation & of contacting friction surfaces
of bearing units with increasing load F

Fig. 5. Influence of microgeometry in the point contact
zone on the change in contact stress ¢ for friction
bearing units with increasing load F
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Fig. 6. Effect of microgeometry in the point contact zone on the change in tangential stress T for friction bearing units
with increasing load F
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The position of tangential stresses The position of tangential stresses t
along the depth Z (um) with load F along the rolling direction X (um)
400 o with load F
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Fig. 7. Influence of microgeometry on the position of Fig. 8. Influence of microgeometry on the position of

penetration of tangential stresses T in the subsurface zone of penetration of tangential stresses 7 in the subsurface zone of
point contact along the depth z - (um) for friction bearing  point contact along the rolling direction x - (um) for friction
units with increasing load F bearing units with increasing load F

Conclusions

An alternative method of calculation to the classical Hertz solution for local stresses and strains of two
elastic contacting bodies is presented, i.e., the need to solve transcendental equations to establish the influence of
microgeometry in the contact zone is eliminated.

References

1 Dmitrichenko N.F. The Elastohydrodynamics: Theory and Practice / N.F. Dmitrichenko. - Lviv:
Publishing house of National University "Lviv Polytechnic™, 2000. — 224p.

2. Dmytrychenko M.F. Lubricating action of oils in conditions of elastohydrodynamic lubrication /
M.F.Dmytrychenko, O.A.Milanenko - K.: Informavtodor, 2009. 184p.



12 Problems of Tribology

Minanenko O.A. BB MikporeoMeTpii B 30HI TOUKOBOTO KOHTaKTy Ha BTOMHY JIOBIOBIUHICTh B YMOBaxX
TEPTS CHOKOIO JUISl MiANIMITHUKOBHUX BY3JIiB TEPTSL.

IIpencraBineHa anbTepHaTHBHA METOJMKA PO3PaxXyHKy KIaCHYHOMY pilleHHIO ['epma Ui JIOKaJbHUX
HaNpyXXeHb 1 Jedopmalliii 1BOX NPYKHUX KOHTAKTYIOUHX TiT, TOOTO, YCYBaeThCcs HEOOXITHICTH BUPILTYBaTH
TPaHCICHACHTHI PiBHAHHS TSI BCTAHOBJICHHS BIUTUBY MIKpOTEOMETpIii B 30HI KOHTAKTY.

3a JOMOMOTOI0 CHpOIIEHHX (QOPMYNI MOXHa O€3IMOoCepeHRO PO3paxyBaTH MaKCHMAlbHI KOHTaKTHI
HarpyXeHHs1, AepopMallii, MiANOBEpXHEB] AOTHYHI HANpYXEHHS, a TAKOX IX IOJIOKEHHS IO TJIMOMHI Ta 3a
HarpssMOM KOYEHHS Ta BCTAHOBHUTH BIUIUB MiKPOT'€OMETPIi.

MaxkcumanbHi KOHTAKTHI W JOTHYHI HANIPY>KEHHS, a TAKOXK MaKCUMaITbHI JeopMallii MpOrHO30BaHO BHIIE
3a BEJIMYMHOIO /ISl YIOPHUX (OCHOBHX) KYJIBKOBHX HiJIIMIHAKAX 3 KOJIOBUM KOHTaKTOM TEPTS B MOPIBHSHHI 3
paiabHUMH MIAMINIHAKAMH, SKI MAIOTh eJNTHYHY (OPMY KOHTAKTY.

Jns pagianbHUX MiJIIUITHUAKIB KOYEHHS 3 XapaKTEPHOIO EJINTHYHOI (OPMOIO KOHTAKTy MOJIOXKEHHS
MPOHUKHEHHS JOTHYHUX HANpyXeHb MO TIHOMHI (BiCh Z) 3HAYHO INEPEBHINYE AaHE MOJOKEHHS U YIOPHHUX
(OCBOBHIX) IiIMIAMTHUKIB 3 KOJOBAM KOHTAaKTOM IIPH PiBHUX YMOBaX JOCTIKEHHS, III0 OITOCEPEIKOBAHO BKA3ye
Ha MEHIITY BTOMHY JOBTOBIYHICTH pagialIbHUX IiIIIUITHHUKIB Y 3B’ 53Ky 3 HEPIBHOMIPHUM PO3IIOAITICHHSAM THCKY B
30HI JIOKQJILHOT'O KOHTAKTY.

Karouosi ciioBa: ToukoBuit KOHTAKT TEPTS, BTOMHA JOBTOBIYHICT, MiJIINITHAKA KOYEHHS, MaKCUMAIIBHI
KOHTaKTHI HAaIIPY»KCHHS, MAaKCUMaJIbHi TOTHYHI HAPY>KEHHS, MIKPOT€OMETPisl, TEPTS CIIOKOIO.



