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Abstract. The phenomenon of occurrence of hydrodynamic oil film on the bearing 
system is analyzed. The theoretical model of the radial slide bearing system which takes into 
account the normal and static stresses as well as the deformations is proposed. The values of 
stress and deformation are established in the contact area. They are compared with the val-
ues obtained using the Hertz model. Moreover, the results of the analysis of the bearing sys-
tem under thermodynamic equilibrium are presented. In this case, a journal and the bushing 
are separated by an oil layer. 
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1. Introduction. 
The phenomenon of occurrence of hydrodynamic oil film was first described by  

N.P Pietrow [12], B. Towers [16], and O. Reynolds [14]. In subsequent years, development 
of the theory of hydrodynamic lubrication was strongly influenced by works of A. Som-
merfeld [15], G. Vogelpohl [17], and W. Kaniewski [4]. Currently conducted research 
pertains mainly to determination of properties of the hydrodynamic oil film with 
geometrical forms of the oil clearance taken into account [2, 5, 6, 11]. For the state when the 
journal rotates at speed const,J   journal and bush surfaces are separated by an oil layer 

min lim .( )h h  Proper operation of the bearing is affected by position of journal relative to 

the bush. In the oil film, pressure in the working area reaches the value maxp p  and the 

tem-perature increases up to max .T T  

Studies are also undertaken for the state when the journal is stationary, i.e. 0.J   

Modeling of operating conditions in such case is a complex issue. In the course of starting 
from standstill, when the journal does not rotate, a complex state of stresses occurs in the 
journal-bush contact area. Journal and bush materials have significantly differing properties. 
Values of the longitudinal modulus of elasticity for bearing alloys are much smaller than 
those of steel alloys ( ),B JE E  whereas Poisson numbers for bearing bush alloys are higher 

than those of steels ( ).B J   Considerations concerning description of phenomena occur-

ring in the contact zone are carried out with the use of methods consisting on adopting cer-
tain assumptions concerning either distribution of stresses or distribution of deformations. 

In the present paper, theoretical models of the state of stresses and deformations of the 
solid bush and the Hertz model of stresses and deformations are presented. The maximum 
values of stresses and deformations obtained from the two models are compared. 

A characteristic was also developed on which the effect of load on bearing operation 
parameters is shown in both the starting phase and the steady-state conditions. 
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2. The Hertz model of stresses and deformations. 
In the Hertz contact model (fig. 1), an ellipsoidal distribution of stresses is assumed in 

the journal-bush surface contact zone [3, 7 – 9, 18]: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Geometry and distribution of stresses and deformations for the Hertz model. 
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For the assumed stress distribution, the maximum values such as the contact path length 
(2a), maximum stresses ( ,)max  and maximum deformations ( )maxU  are determined from 

the equation of deformations: 
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where Eʹ is the reduced Young’s modulus 
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and ρz the reduced radius of curvature 

J

J
z RR

RR





B1

1B

2

1 .                                                   (4) 

Adopting the journal-bush contact angle (2α) as the quantity of assumed value, other 
quantities describing operating parameters of the bearing in the starting conditions will be 
expressed by the following formulas: 
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For such adopted calculation model, the output quantities (F, σHmax, UHmax) are functions 
of the contact surface geometry ( ),z B  and material properties (Eʹ). 

3. The model of stresses and deformations in the journal-solid bush contact zone. 
Distribution of stresses in the journal-bush contact zone (fig. 2) can be also determined 

from equations of the theory of elasticity by adopting the following assumptions [7, 9]: 
journal and bush surfaces are perfectly smooth and circularly cylindrical; 
the bearing journal is non-deformable and only the bush is subject to deformations; 
bush deformation will be considered within the elastic range; 
relative deformations in direction of the variable (r) are described (fig. 2) by the 

relationship 
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For the adopted assumptions, one obtains relationships sufficient to determine the bush 
thickness as well as stress and deformation distributions. The quantities are as follows: 
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Fig. 2. State of stresses and deformation in the plain journal bearing bush. 
 
As it follows from Equations (9 – 18), radial stresses ( ( ))rr   are functions of material 

constants ( ),E   and radial and circumferential deformations (Urr, Uφφ). The deformations 

,( )rrU U  are functions of radial clearance ( ,)RC  the contact angle ( ,)  and the Poisson 

number ( .)  Similarly, adopting the model assumption that the bush is non-deformable and 

only the journal is subject to deformation, it is possible to determine stresses and 
deformations of the latter. In such case, value of the contact path length (2a), maximum 
stresses max max, ),( rr J rr B   and deformations max max,( )r J r BU U  of journal and bush in the 

contact area for materials with different properties ( ),E   will assume values ,J Ba a  

max max ,J B   and max max .J BU U  

4. Bearing operation in fluid friction conditions. 

Properties of plain journal bearings (fig. 3) in fluid friction steady-state conditions  
co s )t( nJ   can be described with the following system of equations [1, 4, 5, 6, 7]: 
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Fig. 3. Geometry and pressure distribution in a plain journal bearing fed with fresh oil 

from lubrication pocket. 

oil clearance form:  
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pressure distribution in the oil clearance: 
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temperature distribution in the oil clearance:  
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flow velocity components in direction of axes (x) and (z) described by relationships: 
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oil viscosity as a function of temperature: ( ).T   

By solving the system of Equations (19 – 22) it is possible to determine quantities 
necessary to work out static and dynamic characteristics of a plain journal bearing [1, 5, 6]. 
The set of parameters defining properties of the bearing comprises: 

the relative eccentricity 

,Reffe C                                                            (23) 
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where Je OO – eccentricity; 1 – )(Reff B J effC R R – effective radial clearance;  – the 

attitude line angle, 
the Sommerfeld number: 
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oil film maximum pressure: 

max max ( , , );p p x y z                                                   (25) 

oil film maximum temperature: 

max max ( , , );T T x y z                                                    (26) 

oil film minimum height: 

min min ( , , ).h h x y z                                                    (27) 

A computational example. 

The study was carried out for the stationary state with the use of the Hertz model and for 
cases when either the bearing bush or bearing journal is subject to deformation. Geometry of 
surfaces is summarized in Table 1, whereas operation of the bearing in fluid friction 

conditions was analyzed for the journal speed –1(78,54 750 ),J Js n rpm    oil VG150. 

Table 1 

Quantity 

Type of model assumed for computation 

Hertz model 
Models in which bush 

or journal deforms 

RJ – journal diameter (m) 209,745×10–3 209,745×10–3 

1BR – bush inner diameter (m) 210,00×10–3 210,00×10–3 

2BR – bush outer diameter (m) – 230,00×10–3 

B – bush width (m) 315,00×10–3 315,00×10–3 

JE – Young’s modulus of journal material 

(Pa) 
2,1×1011 2,1×1011 

BE – Young’s modulus of bush material (Pa) 0,38×1011 0,38×1011 

J – Poisson number of journal material 0,30 0,30 

B – Poisson number of bush material 0,38 0,38 

2 – journal-bush contact angle (rad) 0,04–0,33 0,01 – 0,23 

 

The static characteristic was developed in terms of functions max max max( ) (, ) (, ,)U F F Fp  

),(minh F  and ).(maxT F The functions in the form of plots are presented in fig. 4. Dynamic 

characteristics of the plain journal bearing. 
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Fig. 4 
 

The quantities shown in the drawing concern: 1 – journal; 2 – solid bush; 3 – Hertz 
model; 4 – hydrodynamic oil film. 

5. Comparative analysis of research results. 
From analysis of the course of functions presented in fig. 4, the following conclusions 

can be drawn: 

The oil film minimum height for –178,54J s   decreases with increasing load value. 

For the load 300 ,F kN  the minimum oil film height is min 82 .h m  

The oil film maximum temperature for –178,54J s   increases with increasing load 

on the bearing. For the load 300 ,F kN  the maximum temperature is max 89 C.T    

Maximum pressure values in starting conditions ( 0)J   and the maximum pressure in 

oil film –178,5( )4 J s   increase with increasing load. The values calculated for the load 

300F kN  are as follows: 

 

Fluid friction model Hertz model 
Deformable solid bush 

model 
Deformable journal model 

max 6,5 MPap   Hmax 9,0 MPa   max 15 MPaBrr   max 25,5 MPaJrr   

– 2 133,1 mma   2 95,0 mma   2 55,0 mma   
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Adopting the Hertz model for calculations results in significantly lower values of 
maximum stresses compared to the model of non-deformable solid bush and the deformable 
journal model, maximum deformation values are increasing functions. In case of the Hertz 
model, the sum of bearing bush and journal deformations is calculated, whereas in models 
of deformable bush or deformable journal, deformation of either journal or bush is only 
determined. The calculated maximum deformation values for the load 300F kN are as 

follows: 
 

Fluid friction model 
–178,54 J s   

Hertz model  
0J   

Deformable solid  
bush model” 

0J   

Deformable journal model 
0J   

min 82,3h m  max 25,5HU m  max 25,5HU m  max 2,0JrU m  

 
The sum of journal and bush deformations calculated from Hertz formulae is larger than 

the sum of deformations calculated for the solid bush model.  

6. Summary. 
To guarantee proper operation of a bearing it is necessary that parameters characterizing 

it in conditions of start-up, steady-state, and run-down phase are known. In the article, plain 
journal bearing models describing the condition before the start of relative motion ( 0)J   

were considered. The models were formulated on the grounds of both the Hertz theory and 
the general theory of elasticity. The bearing operation parameters calculated with the use of 
the Hertz theory and the solid bush model differ significantly. 

For the steady state, when const,J   operating conditions were determined from equ-

ations of the hydrodynamic lubrication theory. Comparative studies indicate that at higher 
loads, pressures in the journal-bush contact zone may prove to be decisive for proper 
operation of the bearing, rather than maximum pressures or maximum oil temperatures. 

 
 
РЕЗЮМЕ. Проаналізовано явище появи гідродинамічної масляної плівки на пі-

дшипниковій системі. Запропонована теоретична модель радіального підшипника 
ковзання, яка враховує нормальні і статичні напруження, а також деформації. Отри-
мані значення напружень і деформацій в області контакта. Вони порівнюються зі зна-
ченнями, отриманими за допомогою моделі Герца. Крім того, показано результати 
аналізу підшипникової системи в умовах термодинамічної рівноваги. У цьому випад-
ку шийка вала і втулка розділені масляним шаром. 

 
КЛЮЧОВІ СЛОВА: підшипникова система, модель Герца, радіальний підши-

пник ковзання, деформація. 
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List of basic symbols. 

a – ellipse radius vector length (m); B – bush width (m); RC – radial clearance (m); 

CURmax – maximum radial clearance with deformation taken into account (m); E – Young’s 
modulus (N/m2); E – reduced Young’s modulus (N/m2); F – load force (N); Bg – bush 

thickness (m); h – oil film height (m); r – reference system radial coordinate (m); p – 

pressure in oil film (N/m2); R – radius (m); 1BR – bush inner radius (m); 2BR – bush outer 

radius (m); T – temperature ( C);  rU – deformation in radial direction (m); rrU – relative 

deformation in radial direction; U – deformation in circumferential direction (m); U – 

relative deformation in circumferential direction (m); x – Cartesian system coordinate (m); 
y – Cartesian system coordinate (m); z – Cartesian system coordinate (m); 2 – journal-

bush contact angle (rad);  – oil dynamic viscosity (Paꞏs);  – Poisson number;  – stresses 

(N/m2); rr – stresses in direction of radial coordinate (N/m2). 
Indexes: B – solid bush, H – Hertz model; J – journal 
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