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Abstract. In this paper we will present theoretical notions, supplemented with
studies performed with the finite element method on the distribution of forces
in the axial radial ball bearings, as well as the distribution of deformations and
stresses on the raceways and rolling bodies of the bearings. The theoretical model
for determining contact stresses and strains is based on the elliptical contact the-
ory developed by Hertz. The 3D model of a radial axial bearing type 6204 was
constructed and analysed with numerical methods. The purpose of the numerical
simulation is to determine the distribution of stresses and contact deformations
between the rolling bodies and the bearing rings.
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1 Introduction

Research on determining the contact stresses (Hertzian) in bearings is presented in
numerous studies, being considered groove ball bearing [1], large diameter ball bearing
[2]. There are studies in which ANSYS finite element analysis software is used for ball
bearing contact analysis [3]. Much more complex studies are also being conducted, which
involve determining the dependencies between Hertz stress-life exponent, ball-race con-
formity, and ball bearing life [4], or methods to select a ball bearing and determine its
actual reliability. [5]. Studies are also performed on the experimental determination of
the friction moment in the bearings [5].

When the friction torques operate, in certain situations, the surfaces of the coupling
bodies come into direct contact, and under external load, in the contact area, on the
surfaces and in the depths, a state of local stresses and deformations develops.

Under the action of forces on the bodies in relative motion, the surfaces of the bodies
deform, resulting in elliptical contact surfaces, at point contact, and in the form of a
rectangular band, at linear contact, unanimously accepted by specialists. Determining
body contact involves solving the following problems:

e Contact geometry of the common contact surface (contact ellipse half-axes or contact
band half-width);

e Distribution of stresses in the contact area (on the contact surface and near the contact
area);
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Fig. 1. Contact between a curved rigid body 1 and an elastic flat body 2.

e Total contact deformation (relative proximity of bodies).

The calculation of contact stresses and strains involves solving the equations in the
theory of elasticity, without considering the friction of bodies.

The first theoretical research on contact theory was done by Rudolph Hertz, which is
why contact theory is also called Hertz’s theory. Hertz solved the equations of the linear
theory of elasticity by introducing the following simplifying hypotheses: bodies are
elastic, homogeneous and isotropic; stresses are linear deformation functions (physical
linearity hypothesis); stresses are functions of position, deformation and temperature,
but not of their gradient (local dependence hypothesis); body surfaces are smooth; the
co-contact surface is small compared to the dimensions of the bodies and is considered
flat.

By introducing the assumptions of smooth surfaces and neglecting the friction on
the bodies in contact, only normal stress is transmitted.

The paper is structured in four parts. After the introductory part, there are theoret-
ical aspects regarding the integral contact equation presented, then theoretical aspects
regarding the determination of deformations and mechanical contact stresses are dis-
cussed. In the last part are presented aspects regarding the analysis with finite elements
in ANSYS of deformations and stresses, based on a case study, performed on an axial
radial bearing type SKF 6204.

2 The Integral Equation of Contact

The contact between a rigid curved body 1 and an elastic plane body 2 is considered,
the contact being theoretically made at a point (Fig. 1, a).

Under the action of the external force F,, which acts according to the common
normal, the elastic body 2 deforms elastically, allowing the body 1 to penetrate the
elastic half-space of the body 2 with a quantity 8 (Fig. 1, b).

Let be a current point on the common contact surface of the two bodies, P (x, y), for
which it is denoted by:

— ¢ (X, y) - the dimension of the point P with respect to the initial point of contact of
the rigid body;

— W (X, y) - elastic displacement of the boundary of the elastic half-space corresponding
to the point P (x, y).
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The elastic displacement w (x, y) at the point of contact (z = 0) for a unit load, when
the concentrated load is normal, established by Boussinesq, is given by the relation:
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And for a certain point of the contact surface (x’y’), for the pressure on the contact
area, p, the elastic displacement will be:
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If both bodies are elastic, the integral equation of elastic contact displacements will
be:

wx,y) = wilx, y) +wa(x,y) =
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Taking into account the above relations, we obtain Eq. (4), which is the integral
equation of contact. This integral equation allows to determine the pressure distribution,
p- (X, y), on the contact area of two bodies. The integral contact equation has many
applications in technology: gears, bearings, mechanical speed variators, rolling stock,
etc.
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where, Ry and Ry are the equivalent radii of curvature in the main directions x and y.

3 Deformations and Contact Stresses

For point contact, the common contact surface has an elliptical shape with axes a and b
(unknown), on which the pressure distribution, p; (X, y), is considered to be ellipsoidal
(Fig. 2), this hypothesis of distribution will be verified later.

So, for a certain point, with the coordinates (X, y) belonging to the elliptical contact
surface, the pressure is:

X2 )2
p((x,y)) =poy/1 — Pl 5)
where pg is the maximum nominal pressure reached in the centre of the ellipse with the
value:
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Fig. 2. The shape of the contact surface and the pressure distribution at the point contact.

Substituting the pressure in the integral contact equation with that given by relations
(5) and (6) results in the semiaxes of the contact ellipse, a and b, which are given by the

relations:
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where E (k *) is the complete elliptic integral with modulus k *, of the second case.
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where k * is the eccentricity of the contact ellipse.
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Relationships (7) can be written as:
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Table 1. Mechanical characteristics of bearing steel

Property Value Unit
Density 7850 kg m3
Young’s Modulus 2.12-1011 Pa
Poisson’s Ratio 0.29 -

Bulk Modulus 1.6825-10'! | Pa
Shear Modulus 8.2171-1010 | pa
Tensile Yield Strength 7,61-108 Pa
Tensile Ultimate Strength 1.07-10° Pa

The relative proximity between the two bodies in contact (penetration) is calculated
by the relation:
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where F (k *) is the elliptic integral with modulus k *.

4 Finite Element Analysis of Strain and Contact Stresses

To carry out these studies, we developed the assembly model of a radial-axial bearing
SKF 6204, using Solid Works software. The CAD model includes the outer and inner
rings, the cage as well as the rolling bodies, as shown in Fig. 3.

The different regime of the stresses, as well as the particularly complex character
of the deterioration phenomena led to the establishment of some direct links between
the mechanical properties and the quality of the materials used in the construction of
the bearings. Experimental studies have established that in order to assess the quality
of bearing steel, the following characteristics must be taken into account: durability
and stress on contact fatigue, hardness at ambient temperature and high temperatures,
coefficient of expansion, toughness, corrosion resistance, etc.

For normal uses and conditions, only the first two characteristics are important, the
others becoming important only for special purpose bearings.

Steels with a high carbon content of 1% and a chromium content of 1.5% were
selected for the bearing rings and rolling bodies. For the components of the bearing, we
specified a steel used in the construction of bearings, type RUL1V. The characteristics
of this material are specified in Table 1.

We performed the meshing with hexahedron finite elements. This aspect is shown
in Fig. 3.
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Fig. 4. Distribution for equivalent strain and (von Mises) Stress.

We performed a finite element analysis using the ANSYS Workbench program.
As contour conditions we specified a contact pressure of 10 MPa, which acts on the
inner ring, while the outer ring is fixed. The contact between the rolling bodies and
the rings is of the “Bonded” type. In Fig. 4, the results obtained for this simulation are
presented. According to Fig. 4, it is observed that the maximum value of the equivalent
von Mises stress is 50.89 MPa, which appears with the most loaded rolling body, ie the
ball in the lower position on the vertical direction. The maximum specific deformation
is 0.00030022 mm/mm.

In order to visualize the distribution of von Mises stresses and specific deformations
on the component elements, we hide the rings in the first phase, in order to visualize the
rolling bodies. Thus in Fig. 5, shows the results obtained on the three rolling bodies that
take over the load from the bearing.

It is found that on the bearing rings the shape of the von Mises stress distribution
and the specific deformations is elliptical.

In the case of a radial ball bearing, of the SKF 6204 type, the dependence between the
equivalent von Mises stresses, the equivalent specific deformations, is shown in Fig. 8.
It is found that these dependencies are linear.
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Fig. 5. Equivalent strain and (von Mises) Stress for rolling bodies.
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Fig. 6. Equivalent strain and (von Mises) Stress for the inner ring.
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Fig. 7. Equivalent strain and (von Mises) Stress for the outer ring.
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Fig. 8. Stress-strain & radial load dependence for SKF 6204 bearing.

5 Conclusions

In this paper we presented theoretical aspects regarding the calculation of the contact
deformations and the stresses that appear at the contact between the rolling bodies of
the bearings and the rings. We considered as a case study, the SKF bearing type 6204.
We obtained by numerical simulation in ANSY'S the distribution of contact stresses as
well as the specific deformations. According to Fig. 4, 5, 6 and 7, it is observed that this
distribution is an elliptical one. These results were obtained for the hypothesis in which
we considered deformable both the rolling bodies and the rings.
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