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1. Basic static load capacity of the cylindrical roller
bearing

If the static loads are acting on the rolling elements and race-
ways of bearings, permanent deformations are rising and they will
increase with loads enlarging. It is difficult to determine the degree
of deformation arising in the test of bearings at specific conditions.
It is therefore necessary to develop a different method for determi-
nation of suitability of the selected bearing. Based on the experience
an international technical standard (Technical specification: Rolling
bearing – Methods for calculating the modified reference rating
life for universally loaded bearings) was established [1, 2].

The total permanent deformation of 0.0001 diameter size of
rolling elements in the most loaded contact zone of rolling elements
and the raceway in many cases of the mounting does not effect the
subsequent impairment of bearings function [3, 4]. The deforma-
tion arises from an equivalent load which is equal to the calculated
bearing load capacity.

Radial static load for different types of bearings is:
� 4600 MPa – for two-row self-aligning ball bearings,
� 4200 MPa – for all other ball bearings,
� 4000 MPa – for all cylindrical roller bearings (roller, needle,

spherical, tapered) which correspond to computational contact
stresses in the centre of the most loaded contact zone of rolling
element with the raceway.

The static central load is:
� 4200 MPa – for axial ball bearings,
� 4000 MPa – for all axial cylindrical roller bearings (roller, needle,

spherical, tapered).

Basic radial static load capacity Cor for the roller bearings is
[1]

, (1)

Dwe – roller diameter applicable in the calculation of load rating,
Dpw – pitch diameter of roller elements,
Z – number of rolling elements,
Lwe – effective roller length.

The main focus of this article is to analyze roller bearings
stresses by Finite Element Method [5]. The outer and inner ring
of a cylindrical roller bearing will be slewed against each about the
specified angle ϕ � 0	, 2	, 4	, 6	, 8	 (Fig. 1).

The safety coefficient fs represents a degree of safety against
too high plastic deformations at the rolling elements contact points
[6]. If the bearings have easy and especially silent rotation, they
require the high value of safety coefficient

, (2)

fs � 2.5 to 4 – for extremely high requirements,
fs � 1.2 to 2.5 – for high requirements,
fs � 0.8 to 1.2 – for normal requirements,
fs � 0.5 to 0.8 – for low requirements.

Por is the static equivalent radial force in Newtons. Especially
high safety factor is required for structures that have higher require-
ments for safety (bearings used in wind turbines, lifts gearboxes,
wheels for railway carriages, etc.) [7, 8]. The roller bearing load
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represents 0.25 to 1 times the basic static load capacity of the
bearing, i.e. rate of load fF � 0.25 to 1. The results for the load rate
fF � 1 will be referred in this article [9]. Finally, the results will
be evaluated in cooperation of both applied parameters.

2. Calculation of logarithmic roller profile and basic
static radial load capacity

If a purely cylindrical roller is loaded, edge stresses will occur,
which can substantially exceed the calculated Hertzian pressure.

Therefore the rollers are usually profiled; they are produced to the
roller bearing with logarithmic profile or “KB” profiles [2, 10].

In our case, the profile of a roller bearing element is logarith-
mic [11]. For rollers having a length Lwe 
 2.5Dwe a stepwise
defined profile function P(xk) is

, (3)

where xk is x-coordinate from the center of roller. The analysis of
the mutual influence of load rate and slewing of roller bearing rings
was made for the NU220 single row cylindrical roller bearing.

By substituting the basic bearing dimensions into equation (1)
the value of the basic radial load capacity Cor � 300848 N is
obtained. FE calculations were made for the rate of load fF � 1,
therefore the applied loading radial force from equation (2) is 
Por � 300848 N.

3. Preparation of a model for FE analysis

A quarter of the roller bearing model was built for the purposes
of the analysis. FE software ADINA was used for FE analysis. In
the model, the profile of the roller bearing element is logarithmic.
Eight-node quadratic elements were used to create a finite element
mesh for the FE model (Fig. 2). The mesh size was 2 mm in
meshing of the model. The higher mesh density was used in the
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Fig. 1 Mutual slewing of the roller bearing rings together 
with rolling elements

Fig. 2 FE model created by software ADINA
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inner and outer rings contact point of rolling elements [12]. At least
6 elements on the contact ellipse width were used.

According to [13], the width of the contact ellipse is b � 0.74 �
� 10�3 m. The isotropic linear elastic material was used (E � 2.11 �
� 105 MPa, μ � 0.3) [14]. The shaft was replaced by constrains.
The non-linear contact problem was solved by Full-Newton itera-
tion method.

4. Stress-strain FE analysis

Stress state is evaluated in the most loaded element of the roller
bearing (on the surface of contact area). P1, P2 and P3 stresses are
evaluated at gradual slewing of the roller bearing rings, angle ϕ �
� 0	 to 8	 [15]. The step is ∆ϕ � 2	.

The maximum value of P3 stress at the angle ϕ � 0	 is 3808
MPa and at the angle ϕ � 8	 it is 4220 MPa. The increase in the
value of P3 stress is 10.82%. Table 1 shows a gradual increase in
the value of P1, P2 and P3 stresses at gradual slewing of roller
bearing rings. The load rate fF � 1. The increase in the maximum
value of stress is quadratic [16, 17].

The maximum contact stresses at the point of contact on the
roller surface were evaluated. However, the maximum stress arises

below the surface of the roller and its size is 4000 MPa. This is in
accordance with the values prescribed by the norm.

The stresses at slewing of roller bearing rings by the angle 
ϕ � 0	 and ϕ � 8	 are shown in Figs. 4 and 5.

The bearing is loaded with the maximum allowable static load.
We can see the formation of edge stresses in Figs. 4 and 5. They
are greater at slewing of roller bearing rings by the angle ϕ � 8	. In
this case the permanent plastic deformations arise in the bearing.
This is unwanted effect for the safe bearing run in practice. 

Fig. 3 Effective stress, load rate fF � 0.25, angle ϕ � 8	

Maximum contact stresses at the point of contact Table 1
on the roller surface at gradual slewing of roller 
bearing rings, fF � 1

Angle ϕ
P1 stress 

[MPa] – [%]
P2 stress 

[MPa] – [%]
P3 stress 

[MPa] – [%]

0	 �2010          (0%) �3040          (0%) �3808         (+0%)

2	 �2024   (�0.69%) �3080   (�1.32%) �3840   (�0.84%)

4	 �2060   (�2.48%) �3160   (�3.95%) �3935   (�3.34%)

6	 �2100   (�4.47%) �3270   (�7.56%) �4100   (�7.67%)

8	 �2140   (�6.46%) �3390   (�11.5%) �4220  (�10.82%)
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The P1, P2 and P3 stress at gradual slewing of roller bearing rings
by the angle ϕ � 0	 to 8	 are shown in Figs. 6 to 8.

The maximum stresses on the roller will be analyzed in the
next section. The dependence between the load rate and slewing
of roller bearing rings is shown in Fig. 9. In this figure, the values
of the slewing angle were approximated by the polynomial of 3rd

degree and load rate values were approximated by the polynomial
of 2nd degree.

In the equation (4) is the consequential polynomial which
describes the entire surface of stresses. RMSE represents the root
mean squared error or standard error. A value closer to zero indi-
cates a fit that is more useful for prediction; for our resultant poly-
nomial it takes the value of 30.42.

For the loaded roller bearing with similar dimensions the
increase of contact stress P3 can be estimated by the polynomial
function mentioned above.

Fig. 10 shows the Mohr's circles at gradual slewing of roller
bearing rings by the angle ϕ � 0	 to 8	 and the rate of load fF � 1.

Fig. 4 Stresses at slewing of roller bearing rings by the angle 
ϕ � 0	, fF � 1 Fig. 7 P2 stress at gradual slewing of roller bearing rings by the angle

ϕ � 0	 to 8	, fF � 1

Fig. 8 P3 stress at gradual slewing of roller bearing rings by the angle
ϕ � 0	 to 8	, fF � 1

Fig. 5 Stresses at slewing of roller bearing rings by the angle 
ϕ � 8	, fF � 1

Fig. 6 P1 stress at gradual slewing of roller bearing rings by the angle
ϕ � 0	 to 8	, fF � 1
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Fig. 9 P3 stress (contact stress) at gradual slewing of roller bearing rings by the angle ϕ � 0	 to 8	

and at gradual change of load rate fF � 0.25 to 1
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Fig. 10 Mohr's circles at gradual slewing of roller bearing rings by the angle ϕ � 0	 to 8	, the load rate fF � 1
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Fig. 11 shows the Mohr's circles at gradual change of load rate 
fF � 0.25 to 1 and the slewing of roller bearing rings by the angle
ϕ � 0	.

5. Conclusion

The paper deals with the magnitude of the contact of roller
bearing rings mutual slewing to the process of contact stresses in
rolling elements. This mutual slewing of the bearing roller rings
leads to a change in contact stresses and conditions of contact.

If the bearing is exposed to the high load which makes slewing
of roller bearing rings during the operation, it is necessary to reduce

the loading. The loading reduction will ensure that the load does
not exceed the maximum allowed values specified by the norm
and there will be no plastic deformations of rolling elements on
the raceway.

The main goal of this article was to analyze roller bearings
stresses by FEM. For the analysis of this problem we used the finite-
element program ADINA. The set of calculations in the gradual
change of load rate fF were realized with the various values of the
slewing of roller bearing rings.
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