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ASSESSMENT OF LOADED STATE OF THE JOURNAL BEARING 

DURING CHANGES IN THE ROTATION SPEED OF THE JOURNAL 

 

Abstract: This article presents the results of calculating the distribution of lubricant pressure in a journal 

bearing at various journal rotation speeds. The change in calculated pressure in each quarter of the journal bearing 

circumference is graphically demonstrated. The loaded condition of the journal bearing was determined by its length. 
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1. Introduction 

The loaded condition of a journal bearing can be 

evaluated by analyzing parameters such as the 

thickness of oil film, the distribution of pressure, and 

the temperature of the bearing, which affect its bearing 

capacity and stability. When the journal speed is 

changed, the hydrodynamic lubrication mode 

changes, which affects the bearing capacity and can 

lead to increased wear or failure if the bearing is not 

properly controlled. Methods such as vibration 

analysis, oil film pressure measurement, and 

temperature control are commonly used to assess the 

performance of the bearing and identify any 

deviations during speed changes, ensuring optimal 

operation and preventing damage. 

The review of scientific papers presented below 

collectively explores the pressure dynamics in plain 

bearings using experimental, analytical, and 

numerical approaches. For example, Gorunov et al. 

[1] and Aher et al. [5] compare the pressure fields in 

multi-blade and sliding bearings, noting the impact of 

blade geometry on bearing capacity. Erhunmwun [2] 

and Erhunmwun and Akpobi [3] analyze pressure 

changes using a two-dimensional Reynolds model, 

taking into account the effects of side leakage, which 

are critical for high-speed applications. Meili et al. [4] 

and Panday et al. [8] study the dependence of oil film 

pressure on time under dynamic loads, revealing 

hysteresis effects in pressure cycles. Jacobson and 

Hamrock [10] visualize cavitation using high-speed 

photography, while Mathieu et al. [9] model three-

dimensional turbulent pressure patterns in hybrid 

bearings. Constantinescu and Galetuse [6] quantify 

the pressure drop caused by inertia, while Zheng and 

Hasebe [7] calculate the dynamic coefficients using 

free-boundary theory. These studies highlight the 

trade-off between bearing design (blade geometry, 

notches), operating conditions (speed, load), and fluid 

behavior (cavitation, turbulence) in optimizing 

pressure distribution. 

The purpose of this study is to determine the 

loaded state of a journal bearing under various 

operating conditions using finite element modeling. 

The practical value of the research is the graphical 

representation of functions of the lubricant pressure 

change in the journal bearing in all quarters of the 

bearing circumference. 

 

2. Materials and methods 

The calculation of the lubricant pressure 

distribution in the journal bearing was implemented 

using finite element modeling. The radius of the 

rotating shaft model, which is located inside the 

bearing liner model, and the length of the bearing liner 

model's contact surface along the shaft model's axis 

were assumed to be 30 mm and 50 mm, respectively. 

The clearance between the bearing and journal models 

was 0.03 mm. The rotational speed of the journal 

model varied between 50 and 2000 rpm. The 

properties of lubricant in the solid-cast journal bearing 

were added to the calculation domain, taking into 

account the Reynolds equation for a fluid with a 

reference pressure of 1 atm, under the condition of no 

slip of lubricant with a dynamic viscosity of 0.01 Pa·s 

and a density of 860 kg/m3. The densest level of 

automatic finite element geometry partitioning 

allowed for the most accurate calculation of the 

lubricant pressure distribution in the model of the 

journal bearing. 

 

3. Results and discussion 

The simulation results are presented in the form 

of graphs showing the distribution of lubricant 

pressure in the journal bearing as a function of the 

journal bearing length at a maximum selected journal 

rotation speed of 2000 rpm. Changes in pressure were 

examined at the first, second, third, and fourth quarters 

of the bearing circumference. 

The X-axis on the graphs represents the bearing 

length in meters. 

In graph A, the pressure varies from -10 to 10 Pa. 

The graph shows the pressure distribution with sharp 

peaks and valleys near the ends of the bearing length. 

In the middle part, the pressure is relatively constant 

and close to zero, with some minor fluctuations. 

Sudden changes at the boundaries indicate edge 

effects or the influence of specific operating 

conditions in that area. 

In graph B, the pressure is scaled to 106 Pa, 

ranging from -2 to -0.2. This graph has a parabolic 

shape, with the maximum pressure occurring at 

approximately half the length of the bearing. The 

pressure is negative, indicating a low-pressure area. 

The pressure decreases towards the edges, reaching its 

minimum value at the ends. 

In graph C, the pressure varies from -0.15 to 0.2 

Pa. Similar to graph A, this graph shows sharp 

oscillatory features near the boundaries (at 0 and 0.05 

m). The pressure in the central region is positive and 

relatively constant, fluctuating around 0.05 Pa. The 

peaks on the boundaries are more pronounced than on 

graph A, reaching 0.2 Pa and dropping to -0.15 Pa. 

Graph D also has a parabolic shape, similar to 

graph B, but with positive pressure values. 

The graphs illustrate how the pressure 

distribution inside a plain bearing can vary 

significantly depending on the specific segment 

(quarter) of the bearing being analyzed. Graphs A and 

C probably represent areas where the pressure is 

unevenly distributed, possibly due to specific 

geometric features or flow disturbances. Sharp peaks 

indicate localized areas of high or low pressures. 

Graphs B and D show a more typical 

hydrodynamic pressure distribution within a liquid 
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film. Graph D shows a positive pressure profile, 

indicating the load-bearing capacity in this area. 

Graph B shows a negative pressure profile, which can 

occur in areas where the liquid film is separating or 

under stress. 

The mathematical description of these pressure 

distributions usually involves solving the Reynolds 

equation for thin-film lubrication, taking into account 

the bearing geometry, fluid properties, and rotational 

speed. The specific shapes of the curves on each graph 

are a result of these physical principles and the chosen 

parameters. 

The dependencies of the lubricant pressure 

distribution in the journal bearing on the length of the 

journal bearing at other journal rotational speeds 

changes according to similar functions with an 

increase in the calculated pressure value. At a speed 

of journal rotation of 50 rpm, the pressure of lubricant 

in the journal bearing varies from -0.00473 to 

±52592.25 Pa; at a speed of journal rotation of 200 

rpm, the pressure varies from -0.01893 to ±210369 Pa; 

at a speed of journal rotation of 500 rpm, the pressure 

varies from -0.04733 to ±525922.5 Pa; at a speed of 

journal rotation of 1000 rpm, the pressure varies in the 

range from -0.09465 to ±1051845 Pa. 

 

  

A B 

  

C D 

Figure 1. Dependencies of the distribution of lubricant pressure in the journal bearing on the length of the 

journal bearing at a journal rotation speed of 2000 rpm: A – first quarter, B – second quarter, C – third 

quarter, and D – fourth quarter. 

 

4. Conclusion 

Based on the research results, the following 

conclusions can be drawn: 

1. The lubricant pressure distribution mechanism 

in the journal bearing was determined along the 

circumference of the element. In the first and third 

quarters of the bearing circumference, there is a slight 

asymmetric distribution of pressure, with maximum 

pressure at the ends of the bearing and no pressure 

along the rest of the bearing length. An asymmetric 

distribution of pressure was also observed in the 

second and third quarters. At the same time, the 

pressure value increases many times from the ends of 

the bearing to the peak value at ½ the length of the 

bearing. 

2. The lubricant pressure in the journal bearing 

varies in a wide range from 0.00473 to ±2103690 Pa 

at a journal rotation speed of 50-2000 rpm, indicating 

the dynamic operation of lubricant. Low bearing 

pressure at low speeds means that the lubricant is not 

distributed well, and the load is transferred mainly 

through metal contact. As the journal speed increases, 

the pressure increases, forming a hydrodynamic 

lubricant film that reduces friction and wear. This 

wide range of pressures indicates the complex nature 

of the bearing's operation, where the lubrication 

modes change from oil friction to hydrodynamic at 

different rotational speeds. 
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