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Abstract  A study of contact force between rollers and races in a roller bearing with a numerical model for mechanical 

event simulations bearing is presented in this paper with different load type on shaft. These numerical models provide with 

the spatial and time distributions of stress and strain values, as well as all the nodal displacements at every time step. The 

model was developed with the finite element method (FEM) for mechanical event simulations (MES) with the commercial 

code Algor
TM

. The model has been validated by verifying that the contact force distributions correspond to those predicted 

by the analytical model of Harris-Jones. 
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1. Introduction 

There are some studies of the dynamic behavior of bear-

ings, which have very advanced methods of analysis of 

vibration frequency, but it is difficult to obtain data to gen-

erate magnitudes of stress and deformation of the rollers on 

the races[1-4]. The analysis of experimental models bearing, 

the method is not sufficient to isolate the signal of move-

ment due to deformation of the load with other signals that 

are mixed and are known as noise because of this, this work 

proposes bearing valid model for results of contact[12,13]. 

This paper proposes a numerical model of cylindrical roller 

bearing at different speeds of planar rotation in the shaft (30, 

40, 50 and 100Hz) with three degrees of freedom in each 

node to analyze the contact between rollers with outer race. 

This is due mainly to the huge computation resources re-

quired when many surfaces are to be in contact during a 

dynamic simulation. Although it varies from one software 

to another, we can say that the contact between two surfaces 

A and B, having NA and NB nodes respectively, involves 

one contact element for every pair of nodes, which adds up 

to NA•NB contact elements. To give an example, a 3D 

numerical model of a 10-ball bearing, with 500 nodes on 

each ball surface and 500 on each race (inner and outer) 

surface, requires 5 million contact elements. Note that the 

velocities concerning rolling bearings demand high time 

resolution, which leads to extremely large simulations, hav- 
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ing many time steps. 

To summarize, mechanical event simulations of dynamic 

phenomena in rolling bearings, like sliding, are, to a certain 

extent, unapproachable with 3D numerical models and ex- 

perimental models[2,5,6,7].  

In this paper, a 2D numerical model has been modeled 

with three degrees of freedom per node for mechanical 

event simulations of a roller bearing is firstly presented on 

an analysis of the mechanical behaviour and as data for 

important contact between the rollers and the outer race. 

With this model, many simulations have been carried out 

under the finite element commercial software Algor™[8] 

for different shaft rotation velocities with a radial load ap-

plied at its centre. The software provides stress, strains and 

displacements at each point, for each time step, as well as 

the contact force on every node involved in the contact 

between the rolling elements and the races.  

The numerical model presented is validated by compar-

ing the load distribution over the outer ring it provides with 

that according to the counterpart analytical model of Jones- 

Harris.  

The formulation of this analytical model and the results it 

provides concerning the contact force distribution particu-

larized for a rolling bearing identical to the FE/MES mod-

eled. The analysis for the two models for each shaft speed is 

performed with relative difference on the outer race on the 

load zone.  

The steps followed for this research are as follows. 

Numerical model presented is a cylindrical roller bearing 

with boundary conditions similar to a model of experimen-

tal bearing. 

Discusses the results of numerical model to find the 
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boundaries of contact within the cargo area for each speed 

of rotation. 

This article shows an analytical model of Harris-Jones 

[9,10] applying the same external and internal conditions 

have numerical model. 

The Harris-Jones model of a roller bearing provides a 

system of non-linear equations that is resolved with the data 

analysis program MathCad™[11]. 

An analysis of the relative error between the two models, 

the numerical model simulated dynamically by means of 

finite element method in mechanical event simulation and 

analytic model Harris-Jones. 

That is why some authors have performed analytical 

models with mathematical formulation for analyzing the 

results of the contact forces on the races[14,15], but the 

results of these models do not analyze dynamic phenomena 

such as deformed during early bearing operation, the sliding 

between mating parts, fatigue, among others. 

The way to obtain the contact force distribution from 

numerical model simulations with the proposed model is 

shown. Then the corresponding data are compared to those 

presented, which results in the validation of the proposed 

model. 

2. Numerical Model of the Cylindrical 

Roller Bearing 

There are different types of bearing; among the most used 

in industry are the bearings with balls and cylindrical roller 

bearings for high load[16]; for this study used the roller 

cylindrical bearing to study the dynamic behavior and sur-

face contact rollers and races, the main components of this 

bearing (except for the cage, seals, and other non-loaded 

components) are basically cylinders whose axes are parallel 

to each other and to the bearing axis. The dynamics of the 

system moves on a plane, on the plane normal and the forces 

between components, as well as the external one, also lie in 

planes that are parallel to the movement plane: it is a plane 

stress problem. 

The model of the bearing has a shaft with the inner ring, 13 

rolling elements (rollers), the outer ring, the cage, and a 

system of radial elements that gives the prescribed speed to 

the shaft; adds a new piece is called "motor torque" is applied 

to control the speed of rotation of the shaft. 

 
Figure 1.  2D numerical model of the a roller cylindrical bearing 

Figure 1 shows the numerical model with 13 roller of cy-

lindrical geometry (9,20mm), shaft (30mm), the rings (outer 

55,10mm and inner 36,38mm) and the rollers are meshed 

into 2D elements of 10mm in length and material properties 

of common steel (see Table 1), whereas the cage is com-

posed of 13 beam elements articulated at each roller centre. 

The elements composing the motor torque are beam rigid 

elements. 

Table 1.  Material properties of AISI 1006 Steel used for the structural 
components of the bearing 

Properties Magnitude 

Mass density (N·s2/mm/mm3) 7,872 * 10-9 

Young’s modulus (N/mm2) 205000 

Poisson’s coefficient 0,29 

The model is used in two dimensions to reduce the number 

of elements of system dynamics. In this research, the total 

number of elements comes to nearly half a million, from 

which only about twenty thousand (4%) are physical ones, 

while the rest (96%) are contact elements involved in 26 

pairs of surfaces in contact (there are 13 pairs between the 

roller surfaces and each of the 2 ring surfaces). 1. Title of the 

paper. 

Table 2.  Conditions and applied to the model parameters 

Conditions Magnitude 

Radial Force 1000 N 

Angular velocity 30, 40, 50 and 100 Hz 

Sampling data 5000 steps per second 

tolerance distance (nodes of contact) 0.01mm 

contact friction coefficient 0.2 

contact strength 105 N/mm2 

Table 2 shows parameters and conditions that define the 

contact elements employed in our model the tolerance dis-

tance (below which the contact element is turned to active) 

and a constant radial force is applied at the centre of the shaft. 

All the degrees of freedom of the nodes at the external sur-

face of the outer ring have been restricted. The angular 

velocity of the shaft is provided by applying prescribed 

angular motions at the motor torque. 

3. Analytical Model 

The analytical model proposed for a bearing in this re-

search is the Harris-Jones model for a cylindrical roller 

bearing, this model is generated from the Hertz contact 

formulation and dynamic balance[17,18]. This model pro-

vides a system of non-linear equations composed of one 

equation for the force balance of the shaft (which is under a 

radial force applied at its centre), and one more for each of 

the loaded rollers (j=1…z), which undergo the contact forces 

from the inner and outer races as well as the centrifugal force 

of inertia: 

Figure 2 shows the point where the radial force (Fr) is 

applied and the contact forces in response to applied force on 

the center shaft. Contact forces are calculated initially on the 
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contact points of the rollers on the inner race. 

 
Figure 2.  Radial force applied and contact forces on the bearing 
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(1) 

Fr is applied radial force at the centre of the shaft; K is the 

force feedback system that causes the material to perform 

opposition to the radial force, for this model is equivalent 

contact stiffness between the roller and the races (applying 

the contact Hertz theory to cylinders, for each contact be-

tween a loaded roller and the inner (outer) race. 

The normal force is: 

Fin(out) = K(δin(out))
10/9

              (2) 

Contact forces of the rollers on the races are defined with 

the angle (Ψj); angular position of the jth loaded roller with 

respect to the direction of the applied force (fig.2).  

ΔΨº=360º/Z=27.69º    (3)  

Fc is centrifugal force acting on every roller and ni is an-

gular velocity in r.p.m.  

Fc=2.09•10
-7

 ni
2
 (N)      (4) 

δin(out)j is radial deformation corresponding to the contact 

between the jth roller and the inner (outer) race and δirj is total 

radial deformation (compression) of the jth roller due to both 

contacts. 

rj=inj+outj=r cosΨj    (5) 

r is the radial displacement of the inner race center. 

The analytical model of Harris-Jones is generated by this 

system of equations, specifying the model for this study, we 

have: 

Table 3.  The symbols employed in Eq. 1 

Symbol Magnitude value 

Fc 2.09·10-7ni
2 (N) 

Z 13 roller 

∆Ψj 27.69º 

D 9,2mm 

Fr 1000 N 

l 10mm 

dm 45,74mm 

K 608571.25 N/mm1.11 

Table 3 shows the bearing to apply the system of equations; 

we get (in S.I. of units): 

0121.05681.0885.05.0001643.0 11.1

4in

11.1

3in

11.1

2in

11.1

1in  (a) 

 
1.11 1.11

1 1cos0 0.00001236 0r in in           
 
 

(b) 

 
1.11 1.11

2 2cos27.69 0.00001236 0r in in        
(c) 

 
1.11 1.11

3 3cos55.38 0.00001236 0r in in     
 

(d) 

 
1.11 1.11

4 4cos83.08 0.00001236 0r in in          (e) 

To solve this nonlinear equation system using the Math-

Cad™ program, entering the solution of the linearized sys-

tem as the seed for the non-linear one. The error (absolute 

zero) of this method was less than 10
-5

. Finally, the values of 

the contact forces the outer race exerts on each of the loaded 

rollers can then be easily obtained from Eq. N: 

Foutj = K(δin,)
10/9

 + Fc                  (6) 

With this equation of contact force on the outer race de-

fines the response of the material roller and the outer race to 

the radial force applied to the center of the shaft and the 

centrifugal force of the system for each angle Ψ. 

Table 4.  Points of contact deformation of the inner race 

Point Deformation (mm) Angle Ψº 

δi1 2.045*10-3  0º 

δi2 1.811* 10-3  27.69º 

δi3 1.161* 10-3  55.38º 

δi4 2.443*10-4  83.08º 

Table 4 shows the deformation of the contact points of the 

roller with the inner race, but not enough to describe the load 

zone of the bearing model, which is why selecting interme-

diate points have been contacted by the passage of roller on 

the race as shown. 

 
Figure 3.  Deformation points on the inner race 

Model are added to the deformations due to contact δi1.5, 

δi2.5, δi3.5, as shown in Figure 3, this creates a load zone with a 

more accurate geometry. In Figure 4 there is example of load 

zone for analytical model, the contact force distribution 

along the outer race is shown for the bearing to be modeled, 

and for a shaft velocity of 100 revolutions per second. 

  

Figure 4.  Load zone on outer race to 100 Hz 
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Figure 4 shows the load zone on the outer race of the 

analytical model from Equation 2. 

4. Numerical Model Contact Force Data 

Data acquisition of the numerical model took into ac-

count several factors that met the following dynamic condi-

tions. 

Rotation speed of constant shaft. 

There is of rolling effect between the rollers and races 

Existence of nodes of contact between rollers and races 

(table 2)  

Distance between nodes relatively small to avoid small 

rebounds. 

The mesh of the roller and the inner and outer rings with 

the contact nodes that are generated are the critical elements 

involved in the formation of bearing numerical model, 

which is why you should follow these conditions: 

Table 5.  Conditions and characteristics of the simulation 

Conditions Magnitude 

Mesh density 1400 Joint 

Angle 15º 

Geometric Factor 2 

refining Factor 4 

Closing Factor 4 (includes three) 

Time of calculation 2400 hours 

Characteristics and conditions for calculating dynamic 

numerical model shown in Table 5 are intended to simulate 

the operation of a bearing with different shaft speeds[5]. 

 
Figure 5.  Conditions of meshing for roller 

Fig 5 shows the mesh of one of the rollers with the con-

ditions proposed in Table 5. 

Numerical models analyzed at mechanical event simula-

tion has temporal data generated by dynamic phenomenon 

occurred. Temporary results of contact between the parts 

(roller with races) of the model is the most important in-

formation of this analysis, because are defined in a numerical 

model with mechanical event simulation, the program cal-

culates the corresponding contact forces for every node, for 

every time step. Analysis of contact investigations in parts of 

the bearing support only a small area of deformation between 

the pieces, in this paper relates an area that is determined by 

three nodes that deform the roll over by the angle (Ψ) indi-

cated[19]. 

 
Figure 6.  Nodes involved in the contact 

 

 

 

Figure 7.  Scheme for the reaction force in the numerical model 

Fig 6 shows that due to deformations in the contact be-

tween rollers and races, three nodes from the outer race are 

involved in the contact with a roller in all the simulations 

(node 1, 2, and 3). For this reason, the normal contact force at 

the position defined by one node in the outer race must be 
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obtained by summing up the reaction forces corresponding to 

this node and its adjacent neighbors. 

For this study data were acquired on a temporary basis 

similar to a signal, for this reason for every angle (Ψ) se-

lected to form the geometry of the loading area were ac-

quired at maximum contact force of the roller to pass through 

the outer race and has performed a mean (average) with the 

sum of the maximum reaction force of the three nodes de-

formed by roller. 

Figure 7 shows reaction force has been calculated taking 

the corresponding media of those maximums for the duration 

of the simulation for each node that is deformed upon contact 

with the roller. The sum of the deformations of each node 

will give the global result of the deflection roller on the outer 

race for each section. The results of the numerical model will 

be obtained directly as the reaction force of the rollers on the 

race under load in Newton. Results were obtained every 

13.85º on the load zone, placing the start of the position 

angle (Ψ = 0°) on the line of force and calling it the center of 

the zone for all models calculated. 

Results were obtained from the 30, 40, 50 and 100 Hz 

shaft rotation models. The results are temporary with 

maximum values of force. These values were averaged to 

obtain the representative value for each angle and the rota-

tion speed for each shaft. These mean values are accompa-

nied by a deviation (σ). 

 
 1

2








n

xx


    (7) 

The deviation shows the interval where the values range 

for each position angle Ψ (Table 6). 

Table 6.  Numerical model at 40 Hz, reaction forces on the outer race 

Angle (Ψ) Reaction Force Deviation 

-90.00 55.00 4.56 

-83.08 55.08 14.12 

-69.24 197.93 15.33 

-55.38 409.09 28.25 

-41.54 528.75 44.02 

-27.69 627.79 39.02 

-13.85 687.00 38.49 

0 737.59 32.99 

13.85 704.88 34.67 

27.69 521.16 26.29 

41.54 471.88 22.17 

55.38 374.32 15.13 

69.24 222.52 5.85 

83.08 107.43 6.57 

90.00 75.00 4.12 

The maximum value of the deviation does not exceed 8% 

of the value of the reaction force in this research, shown as an 

example in Table 4 for each angle (Ψ). 

Uniting the average values of the force deviation gives the 

geometry of the load zone of the bearing numerical model at 

30, 40, 50 and 100 Hz rotational speed of the shaft. 

The average values of reaction forces shown in Fig 8 

represent the passage of the roller on each position angle of 

13.85° and are joined by a trend line of exponent 4 to form 

the geometry of the load zone for each speed of rotation. In 

Fig. 8 shows that the higher the shaft speed, the deviation 

decreases and the load zones improve its geometry being 

better defined. 

 

 

 

 
Figure 8.  Reaction force with deviation on load zone 

4. Validation with Relative Difference 

between Models 

Is validated by comparison of two theoretical models, is 

not defined experimental model because of the difficulty of 

acquiring data of contact between the rolling elements and 
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the rings of a bearing. The analytical model shown in this 

study of the dynamic equilibrium equations of Harris and 

Jones proposed to determine the reaction force within the 

load zone for this study assumes that forces the load zone are 

low magnitude. 

The validation of the numerical model of a cylindrical 

roller bearing for this research was conducted by comparison 

with the analytical model of Harris - Jones with similar 

features and equal boundary conditions. The validation was 

performed by comparing the reaction force exerted by way 

of the rollers on the outer race in the load zone for both 

models. 

For a real validation have been described the geometry of 

the load zone for each model, the description of the load zone 

will serve to better demonstrate the dynamic behavior of the 

numerical model compared with the analytical model. 

 

 

 

 
Figure 9.  Load zones of analytical and numerical 30, 40, 50 and 100 Hz 

models 

Figure 9 shows the load zones with the relative difference 

or potential error that occurs throughout the length of the 

outer ring. The analysis shows that in the area of maximum 

contact in the center of the load zone, the differences be-

tween the two models are small, less than 0.1 in magnitude, 

critical area between the angles (Ψ) -30º to 30º, important to 

know the angular range because it may more accurately 

predict evolution of a localized defect. 

The chaos generated by the dynamics of the numerical 

model are shown in graphs that show the relative difference, 

This dynamic phenomenon is not shown in the analytical 

model analysis, because the mathematical equations of 

equilibrium used in the analysis of the analytical model does 

not predict random events such as shock, misalignment, etc. 

due to the drop shaft functioning during early bearing. 

Load zones are symmetric analytical models for the posi-

tion of the angle in the negative direction and a positive 

difference in the load zone of the numerical model has no 

symmetry. The differences in the values of the numerical 

model with respect to the analytical model showed in Fig 6 

show no major differences in the magnitude of force along 

the angle Ψ. 

5. Conclusions  

Conditions and characteristics applied to the numerical 

model of a cylindrical roller bearing are similar to the ex-

perimental design, but although the signals and data acquired 

from the analysis of numerical model are as close to a real 

model known. 

Numerical model of a cylindrical roller bearing has been 

validated through the optimum analytical model proposed by 

Harris-Jones without major differences. Presented differ-

ences are because the dynamic numerical model presents 

phenomena that are manifest in the load zone is not sym-

metrical. 

The numerical model presented phenomena of an ex-

perimental model; these phenomena are due to the dynamics 

of the system, where you can explore different events as 

chaotic behavior of the rolling elements, falls, blows, slip-

ping between the races and rollers, among others. 

Numerical model generates the geometry of the load zones 

adapted to the dynamics of the bearing elements in contact 

with geometry it may predict behavior, failure, location of 

critical areas among others. 
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