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ABSTRACT 

This paper presents the results of the study on the possibility of replacing the roller bearings of CM 120L 

concrete mixers with sliding bearings made of Necuron 1050. In order to carry out the study, the radial 

stresses located in planes normal to the axis of symmetry of a sliding bearing in the cantilever of the 

material Necuron 1050, were determined using two analytical methods, the finite element method and the 

electro-resistive tensometry method. An experimental stand was constructed to determine the mechanical 

and tribological characteristics of the sliding bearings in static and dynamic regimes. The difference 

between the maximum stress values determined by the two analytical methods is 1.057 MPa, and the 

difference between the results obtained by Finite Element Analysis (FEA) for static and dynamic stress is 

3.093 MPa. The results of the study show that it is recommended to replace a roller bearing with a sliding 

bearing made of Necuron 1050 polyurethane material. 

Keywords-sliding bearings; roller bearings; polyurethane; experimental stand 

I. INTRODUCTION  

Sliding bearings are essential components in various 
mechanical applications, providing support and stability for the 
rotary motion of shafts [1-5]. They are extremely versatile and 
can be used in a wide range of applications, from industrial 
equipment to precision machinery [6-11]. The design types of 
sliding bearings are the following: radial bearings, axial 
bearings, hydrodynamic bearings, hydrostatic bearings, self-
lubricating bearings [12-15]. The material selected for the 
production of sliding bearings plays an important role in the 
efficient and durable operation of mechanical equipment and 
machinery. The main materials used in the manufacture of 
sliding bearings are: metallic materials (alloyed steels with a 
high carbon content, stainless steels, bronze, babbitt alloys), 

non-metallic materials (polyamide, polyurethane, 
polytetrafluoroethylene), ceramic materials (aluminum oxide, 
Al 203, silicon carbide), and composite materials (glass or 
carbon fibers impregnated with resins) [6, 16-19]. The 
advantages and disadvantages of sliding bearings made of 
metallic materials and plastic materials are as follows: bearings 
made of metallic materials are more resistant, their 
maintenance is cumbersome compared to bearings made of 
plastic materials, which are better from the technical-economic 
point of view [19-23]. 

Polyurethane is a polymer characterized by the repetitive 
presence of urethane groups [1-3]. Due to its good mechanical 
properties, this material is used in a wide range of applications 
in the following fields: automotive, footwear, furniture, 
construction [4-12]. Studies on Necuron polyurethane material 
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are limited, which led to this study. Authors in [23] present the 
influence of defects on the mechanical properties of Necuron. 
The results of the study show that Necuron 1020 has the 
highest value of the modulus of elasticity (2790 MPa), at the 
same time being the stiffest material, and Necuron 1300 is the 
material that obtained the best results of breaking strength 
(36.06 MPa). Authors in [24] studied the mechanical behavior 
in compression and 3-point bending of the specimens made of 
Necuron 840, Necuron 1020, Necuron 1300, in order to select 
the optimal material for the production of transtibial prostheses. 
The conclusions of the study show that Necuron 1300 is the 
optimal choice for the material used in the manufacture of 
transtibial prostheses, providing high resistance to compression 
and bending, as well as optimal elasticity. 

This paper presents the study on the possibility of replacing 
roller bearings of CM 120L concrete mixers with sliding 
bearings made of Necuron 1050. The replacement of roller 
bearings with sliding bearings is technically and economically 
justified by the anti-friction properties of Necuron 1050 and the 
low price of this material in comparison with the price of 
bearings. 

II. DETERMINATION OF THE RADIAL STRESSES 

OF SLIDING BEARINGS IN THE CANTILEVER 

The CM 120L concrete mixers work with a roller bearing 
that has a very short service life due to bearing wear under 
conditions of corrosion and abrasion. In the case of the sliding 
bearing of the CM 120L concrete mixer, in addition to the 
radial force, the spindle is subjected to a bending moment that 
causes it to rotate in the bearing, which causes the axes of the 
cylinders to become non-parallel, thus changing the contact 
surfaces. The radial stresses located in planes normal to the 
axis of symmetry of a sliding bearing in the cantilever of the 
material Necuron 1050 are determined using two analytical 
methods. 

A. Analytical Methods 

The calculation scheme of the sliding bearing is shown in 
Figure 1 and consists of a simple beam supported at point A 
and point B, which schematizes the bearing. The loading force 
F of the concrete mixer is reduced at point C, which is the 
center of the bearing. 

For the numerical calculation of the sliding bearing for CM 
120L concrete mixers, we have the following data: 

 bearing length L = 80 mm. 

 the inner diameter of the bearing d = 28 mm. 

 the application force on the bearing F = 1200 N. 

 H = 248 mm. 

The radial stress is calculated with (1): 

��,� � �� � ��	 � �
� � �


�

   (1) 

and we obtain �� � 11,036  MPa  and �� � 12,106 MPa. 

  

Fig. 1.  Bearing calculation scheme – Method 1. 

In the method shown in Figure 2, the lateral pressures are 
assumed to have a triangular variation: 

� � � ∙ �
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Substituting into (5) we obtain #$%& �  11.049 MPa. 

 

 

Fig. 2.  Bearing calculation scheme – Method 2. 

B. Finite Element Analysis 

The Finite Element Analysis (FEA) was performed using 
the ANSYS program [25-26]. The program input data for 
bearing modeling is shown in Table I for the material Necuron 
1050. Table II shows the input data for tree modeling in the 
ANSYS program. The shaft is made of 25CrMo4 steel. To 
model the spindle and bushing, the 8-node SOLID 45 element 
was used, which has 3 degrees of freedom per node: 
translations in the x, y, and z nodal directions, and to model the 
contacts between the spindle and the bushing, the pair of 
elements CONTA 174 – TARG 170 was chosen. In addition, 
the flexible contact type was selected. 
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TABLE I.  IMPUT DATA FOR BUSH 

1 / � 28 mm 

2 2 � 50 mm 

3 ! � 80 mm 

4 41 � 1250 MPa 

5 51 � 0.42 

6 �678# � 83 MPa 

7 
9 � 0,2 mm 

(clearance between the bushing and the bearing) 

TABLE II.  IMPUT DATA FOR SHAFT 

1 / � 28 mm 

2 � � 248 mm 

3 � � 1200 N 

4 42 � 2 ∙ 105MPa 

5 52 � 0.3 

6 �678# � 83 MPa 

7 
9 � 0,2 mm 

(clearance between the bushing and the bearing) 
 

1) Static Bearing Load 

Figure 3 shows the discretization of the sliding bearing 
together with the shaft. The bushing consists of 3405 elements. 

 

 

Fig. 3.  Discretization of the shaft – bushing adjustment. 

Figure 4 shows the stress intensity maps. In particular, 
Figure 4(a) shows the stress state in the spindle-bush assembly. 
The bushing is stressed through the spindle to a radial force 
� � 1200 N  and a bending moment � � 345600 N/mm . 
Figure 4(b) shows the bushing, and it is observed that the 
stresses have a semi-cylindrical shape and extend at the ends of 
the bushing to almost half of it. It can also be seen that the 
bushing deforms differently. The bushing is compressed in the 
right half and in the left half. 

2) Dynamic Solicitation of Bearing 

After the bearing is loaded, the shaft begins to rotate 
clockwise. As the shaft rotates, the tension contour begins to 
move to the right. Figure 5(a) shows the stress curve in the case 
where the bushing is subjected to radial force bending and the 
spindle rotates at a speed of < � 28 rpm, there is no clearance 
between the spindle and the bushing and the friction coefficient 
is ? �  0.3. The radial stress on the right surface is 
�@ � A8.707 MPa.  In Figure 5(b), the bushing is subjected to 
radial force bending and the spindle rotates at a speed of 
< � 28 rpm , there is a clearance of 0.2 mm between the 

bushing and the spindle, and the friction coefficient is ? � 0.3. 
The radial stress on the right surface is  �@ � A11.097 MPa. It 
is found that the clearance has an influence on the state of 
tension in the bearing. Figure 5(c) shows the stress curve for 
the bushing subjected to bending with radial force and the 
spindle rotates at a speed of < � 28 rpm, there is no clearance 
between the spindle and the bushing and the friction coefficient 
is ? �  0.6. The radial stress on the right surface is 
�@ � A7.4989 MPa. In Figure 5(d) the bushing is subjected to 
radial force bending and the spindle rotates at a speed of 
< � 28 rpm , there is a clearance of 0.2 mm between the 
bushing and the spindle. The radial stress on the right surface 
is �@ � A10.528 MPa. 

 

(a) 

 

(b) 

 

Fig. 4.  Stress intensity maps: (a) bushing–shaft assembly, (b) bushing. 

(a) 

 

(b) 
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(c) 

 

(d) 

 

Fig. 5.  Modelling of the sliding bearing: (a) without clearance and friction 

coefficient ? � 0.3; (b) with clearance and friction coefficient ? �  0.3; (c) 

without clearance and friction coefficient ? �  0.6; (d) with clearance and 

friction coefficient ? � 0.6. 

Table III shows the maximum stresses obtained by the two 
proposed analytical methods and by the FEA method. 

TABLE III.  VALUES OF TENSIONS IN THE SLIDING 

BEARING 

Method 1 Method 2 
FEA static 

solicitation 

FEA dynamic 

solicitation 

�@ (MPa) �@ (MPa) ��CDED (MPa) �@ (MPa) 

-12.106 -11.049 -15 -11.097 

 
The analysis of the centralized data in Table III shows that 

there is a good agreement between the stresses obtained by all 
the methods used. 

C. Electro-Resistive Tensometry Method 

We have designed and built an experimental stand to 
experimentally determine the stress state at different points in a 
cantilever sliding bearing. The mechanical and tribological 
characteristics in static and dynamic mode are determined by 
the method of resistive tensometry. The experimental stand is 
the subject of a patent application and is shown in Figure 6. It 
consists of: 1 – wheels for movement, 2 – frame, 3 – 
experimental shaft, 4 – Oldham coupling, 5 – engine speed 
adjustment button, 6 – engine rotation direction change switch, 
7 – on/off switch, 8 – electric engine, 9 – speed reducer system 
with a set of wheels and trapezoidal belts, 10 – digital 
comparator, 11 – digital dynamometer, 12 – control wheel for 
adjusting the loading force, and 13 – ring for transferring the 
force to the force amplifying lever. 

1) Static Solicitation Regime 

For the static stress regime, the following values were 
chosen for the magnitude of force F2: 291.36 N; 403.2 N; 
481.6 N. Figure 7 shows the variation of the average specific 
deformations corresponding to the three forces applied to the 

free end of the shaft for tensometric marks 1 and 2 located on 
the lower generator. 

 

 

Fig. 6.  Experimental stand. 

 

Fig. 7.  The variations of the average specific deformations corresponding 

to the 3 forces applied to the free end of the shaft. 

Figures 8 - 10 show the histograms of the deformation 
variations corresponding to marks 1, located on the lower 
generator, as well as strain gauge marks 9, 11 located radially 
at 30 degrees left - right of the vertical axis of the bearing, and 
the strain gauge marks 10, 12 located radially at 60 degrees left 
- right of the vertical axis of the bearing, respectively. Each 
figure corresponds to the force applied to the free end of the 
bearing. 

 

 

Fig. 8.  Strain variations for marks 1, 9, 11, 10, 12, (F = 72.84 N). 
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Fig. 9.  Strain variations for marks 1, 9, 11, 10, 12, (F = 100.8 N). 

 

Fig. 10.  Strain variations for marks 1, 9, 11, 10, 12, (F = 120.4 N). 

2) Dynamic Solicitation Regime 

For dynamic duty, the motor assembly was a two-stage gear 
reducer with wheels and V-belts, and the electronic speed 
control unit was programmed to apply a constant speed of 28 
rpm to the cantilever bearing shaft of the stand. Three forces 
F2: 235.2 N; 306.0 N; 518.8 N were applied with uniform 
rotation of the cantilever bearing shaft. 

 

 
Fig. 11.  Variations of the average specific deformations for tensometric 

marks 1 and 2 corresponding to the 3 forces applied to free end of the shaft. 

Figures 12 - 14 show the histograms of the deformation 
variations corresponding to marks 1, located on the lower 
generator, as well as strain gauge marks 9, 11 located radially 
at 30 degrees left - right of the vertical axis of the bearing, and 
the strain gauge marks 10, 12 located radially at 60 degrees left 
- right of the vertical axis of the bearing, respectively. Each 
figure corresponds to the force applied to the free end of the 
bearing. 

 

Fig. 12.  Strain variations for marks 1, 9, 11, 10, 12, (F = 235.2 N). 

 

Fig. 13.  Strain variations for marks 1, 9, 11, 10, 12, (F = 306 N). 

 

Fig. 14.  Strain variations for marks 1, 9, 11, 10, 12, (F = 518.8 N). 

As in the case of stress in the static regime, in the dynamic 
regime the values of the specific deformations of the 
tensometric marks 1, 9, 11, 10, 12 located radially on the front 
face of the bearing and symmetrically placed with respect to 
the vertical plane containing the axis of the bearing, have 
similar variations. In the dynamic regime, the values of the 
specific deformations are much higher than in the static regime 
and the tensometric mark 1 has negative values. 

III. CONCLUSIONS 

This paper presents the results of the study on the 
possibility of replacing the roller bearings of the CM 120L 
concrete mixers with sliding bearings made of Necuron 1050 
polyurethane material. The design solution for the stand was 
the horizontal position, which corresponds to the maximum 
stress on the bearing for the F2 forces applied to the free end of 
the shaft. The difference between the maximum stresses 
obtained by the two analytical methods (see Table III) is 1.057 
MPa, (8.73%), and the difference between the results of the 
Finite Element Analysis (FEA) for static and dynamic stress is 
3.093 MPa (26.02%). 
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The results obtained for the specific deformations of the 
strain gauges were systematized graphically for both the static 
and the dynamic regimes with the help of some representations 
of their variations with the F2 forces applied to the free end of 
the shaft through graphs and histograms. The values of the 
specific deformations at all experimentally determined 
tensometric marks are much higher in the situation of the 
dynamic stress regime compared to the values obtained in the 
static stress regime. The variation of the specific deformations 
of the tensometric marks located on the front face of the 
bearing are shown in Figures 8 - 10 in the static stress regime, 
and in Figures 12 - 14 in the dynamic stress regime. The stress 
state in both variants is relatively small, which proves that the 
replacement of a roller bearing with a sliding bearing made of 
Necuron 1050 polyurethane material is recommended. Authors 
in [24, 25] focused on Necuron 840, Necuron 1001, Necuron 
1020, and Necuron 1300. The added value of this study is to 
broaden the horizon of knowledge regarding the mechanical 
characteristics of Necuron 1050. At the same time, this study 
proposes a viable technical-economic solution for the 
replacement of roller bearings with sliding bearings. 
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