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Summary. The paper presents an analytical calculation of the balance of 

oil flowing through the dynamically loaded main and crank bearing. 

(analytical distribution of oil pressure in the 

boundary conditions that characterize the working conditions in the 

bearings used in motors s-

the bearing are presen

signal, which allows for a dynamic comparative analysis carried out for 

the model bearings, the new ones as well as the ones with a particular 

classification of wear. 
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Physical values:  

h  -  thickness of the wedge [mm], 

 - relative bearing eccentricity [-], 

c - bearing clearance [mm], 

 - coefficient of dynamic oil viscosity [ sPa ], 

V - peripheral speed of crankshaft [m/s], 

e - eccentricity [mm], 

P(x,z) - oil pressure inside bearing [Pa], 

x,z – coordinat variables, Rx 2,0 ,
2

,
2

LL
z  [mm], 

L – the width of the pan [mm], 

0, ppw  - supply pressure ambient pressure [Pa], 

zp  - supply pressure [Pa], 

a - cord diameter [mm], 

Q - oil intensity passing through the crank bearing 

[dm3/min], 

Q1 ,Q2 - partial intensity[dm3/min], 

S0,Sgr - values for  Q1 ,Q2from experiment[dm3/min], 

Rx

xhh
2,0

0 min - the minimum thickness of oil wedge [mm], 

0ccdot  - clearance after getting proper association (at 

 [mm], 

grc  - critical value of clearance [mm], 

Dp - coefficent of dynamic passing [-], 

dp - experimenthal value of Dp determined as a parametr 

of the diagnostic signal 

 

Mathematical solutions 

(( bfaff b

a  -  

f  - suming operator, Kk , N, 

f

 

K

k
kK ff  - suming operator, Kk , N, 

f   - f, 
C1,C11,C1K   - 

boundary conditions 
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INTRODUCTION 

 

The parameters of diagnostic signals defining the course 

of change in the tightness of slide bearings are a very 

important factor in assessing the technical state of engines 

examined in this study on the example of farm tractors. It 

should be noted that in the lubrication subsystem the main 

slide bearings and the crank ones of the crankshaft determine 

the technical condition of the engine, and its ability to 

perform useful functions. Increased clearances in the bearings 

make the lubricant oil flow freely through the gaps between 

the pivots and the cups, which in turn is manifested by an 

increase in oil flow and pressure drop in the engine 

lubrication system. 

In diagnostic considerations, the evaluation of work 

behavior of a dynamically loaded slide bearing is based on the 

simplified model of a standard cross slide bearing and is 

based mostly on the minimum thickness of oil gap and the 

value of the maximum pressure and maximum temperature of 

the oil film. 

diagnostic tests, particularly in predicting the technical state 

of emergency crank system operation, application of a single-

parameter diagnostic signal based solely on the measurement 

of relative drop in oil pressure at selected points of the 

bearing, is not sufficient to assess the degree of bearing wear. 

(curvilinear regression model for the associated random 

v based on measurements of 

four parameters, where the measurement of the relative 

pressure drop and loss of lubricant in the bearings were 

considered as associated variables. The purpose of this study 

is to analyze the theoretical value of the diagnostic signal 

parameter described by an analytical balance of oil in the 

cross slide bearing. 

In diagnostic studies of changes in oil flow through the 

crankshaft bearing and at the constant supply pressure in 

cos

cL



 

 

pressure in the 

of contrast, the theoretical determination of the oil gap is 

s for a viscous 

substance. 

 

 

  

 

of dynamically loaded crank bearing 

is one of the most important tasks of the crank subsystem 

diagnostics in internal combustion engines. In this paper, 

theoretical considerations and the resulting mathematical 

calculations are shown on the basis of a cross slide bearing 

model, characterizing the operating parameters of crank 

bearing in S-

In the process of exploitation, the growing bearing clearance 

values cause an increase in the impact of oil flowing from the 

bearing, causing a decrease in tightness of the bearings. 

The balance of oil flowing through a dynamically loaded 

crank bearings can be determined analytically using a 

pressure distribution which is the solution of the Reynolds 

: 

 

 
x

h
V

z

Ph

zx

Ph

x
.  

 

oil 

viscosity ( const  the following simplified 

expressions for the functions describing the thickness of the 

wedge and the bearing wear  
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with the boundary conditions: 

 

 

with the boundary conditions: 
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for 0z  

where: 

p0 - the ambient pressure [Pa], 

pz - supply pressure [Pa], 

pw - oil pressure at the inlet to the placenta [Pa], 

a - cord diameter [mm], 

L - the width of the pan [mm]. 

, the analytical distribution in the 

written as follows: 
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cross slide bearing. 

In diagnostic studies of changes in oil flow through the 

crankshaft bearing and at the constant supply pressure in 

static conditions, the oil flow rate depends mainly on the size 

of : 

 

costLh , 

 

the gap value depends on oil bearing clearance (L t

relative bearing eccentricity (

use a simplified designation: 

 

cLt . 

 

Determination of this value in the experimental way is 

based on measurements of diagnostic parameters, the 

commonest of which are oil pressure or relative drop of oil 

,
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of the amount of oil flowing 

through bearing .e.  

function P (x, ressure in the 

crank bearing [9, The v g 

through the crank bearing can be represented as two partial 

streams 2,  where Q1 is part of the stream flow caused by 

the rotation of the crankshaft, while 2 is part of a stream of 

pressurized forced power 2. 

considerations, the dependencies representing the partial 

streams of flowing oil can be written as follows: 
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Due to - , oil streams 2 can be written as 

follows: 
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through the crank bearing can be written as the following 

relationship: 
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The relationship - 

order o(  and used the following indications: 
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In the crank bearings of the engine type S-

(agricultural tractors C- , the maximum value of 

bearing clearance is characterized by accelerated wear of 

crank mechanism (the boundary condition of the bearing 

crank is 0.2 mm , which can be derived from the average 

dependence given by Koz

as   
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gr ,  

 

using the classical formula Vogelpohl: 

 

 92.0 VCdot ,  

 

where: 

dotC  - clearance after getting proper association (at optimal 

operation a  

0h  - the minimum thickness of oil wedge, 

0S

min

, C
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0i  - , 0cc , 

i=1;2, 
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grcc , i=1;2, 
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In diagnostic tests, the dynamic of determined signal 

changes should be as high as possible.  It is assumed that the 

determined change induced by an increase in consumption 

occurring in the crank subsystem is the relative increase in oil 

pressure drop, which is treated as a diagnostic signal. 

 

 

CONCLUSIONS 
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CONCLUSIONS 

 

Knowledge of the dynamics of steam friction (pivot - 

 system, expressed by escalation of clearance 

between its elements, allows to determine the probability of 

reliable operation of the considered friction 

technical maintenance of the engine operation is necessary, 

provided the information is available on its properties.   

This information can be known only by the changes of 

bearing clearance and course changes in the dynamics of the 

diagnostic signal. 

The terms of co-operation of the functional subsystem 

crank pivot - cup decide on the reliable operation of the 

 7 

operation a  

0h  - the minimum thickness of oil wedge, 

V - the peripheral speed of crankshaft. 

 

In the boundary conditions of dynamically loaded crank 

, the diagnostic signal parameters 

describing the relative decline in the oil pressure inside the 

bearing and its flow through the bearing score significantly 

higher values than when working under optimal conditions, 

applied the model to assess the value of diagnostic signal 

parameters based on measurements of the relative pressure 

drop and oil flow d s 

an indicator of the dynamics, the following value describing 

oil flow through the bearing was accepted: 
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nalytical interpretation of the above relation, using the 

average value of clearance limit (at the speed of the shaft 

 min  
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engine. The worsening conditions for cooperation of these 

subsystems as a result of processes of consumption lead to 

premature engine wear, and even more to significant increase 

in fuel and oil consumption and increased difficulty in 

starting. 

ming 

 has been noted 

that the effectiveness of the management of technical objects 

in many cases reduces the high operating expenses, which 

may even get higher than expenses associated with designing 

and manufacturing. The high operating expenses can be 

as conditions of their use and handling. For this purpose, the 

pursuit is necessary of rational, science-based exploitation of 

technical objects. 
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Streszczenie

o 

zastosowanych w silnikach S- -

przedstawiono adekwatnie do 

o  

ne 

diagnostycznego. 

 




