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S u m m a r y. The paper presents an analytical calculation 
of the balance of oil fl owing through the dynamically loaded 
main and crank bearing. Theoretical considerations are based 
on solving the Reynolds equation (analytical distribution of oil 
pressure in the cross slide bearing) with boundary conditions 
that characterize the working conditions in the bearings used in 
motors s-4002/4003 (agricultural tractors).The quantitative and 
volumetric evaluations of lubricant fl uid fl owing through the 
bearing are presented adequately to the construction of a diag-
nostic 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 classifi cation of wear.

K e y  w o r d s : hydrodynamic lubrication, cross slide bear-
ing, Reynolds equation, diagnostic analysis, diagnostic signal 
parameters.

Physical quantities
h - thickness of the wedge [mm],
 - relative bearing eccentricity [-],

c - bearing clearance [mm],
 - coeffi cient of dynamic oil viscosity [Pa s],

V - peripheral speed of crankshaft [m/s],
e - eccentricity [mm],
P(x,z) - oil pressure inside bearing [Pa],
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2 2

L L
z ∈ −

[mm],
L - the width of the pan [mm],
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w
, p

0
 - supply pressure ambient pressure [Pa],

p
z
 - supply pressure [Pa],

a - cord diameter [mm],
Q -  oil intensity passing through the crank bearing 

[dm3/min],
Q

1
, Q

2
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0
 -  clearance after getting proper association (at 

optimal operation after 100mth) [mm],
c

gr
 - critical value of clearance [mm],

D
p
 - coeffi cent of dinamic passing [-],

d
p
 -  experimenthal value of D

p
 determined as 

a parametr of the diagnostic signal

Mathematical solutions
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C

1
,C

11
,C

1K
 - Reynolds equation constants deter-

mined by boundary conditions

INTRODUCTION

The parameters of diagnostic signals defi ning 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 fl ow freely through the gaps between the pivots and 
the cups, which in turn is manifested by an increase in oil 
fl ow 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 simplifi ed 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 fi lm.
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However, as noted by several authors [1,2,4,7,17], in 
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 se-
lected points of the bearing, is not suffi cient to assess the 
degree of bearing wear. [18,17] presented a multivariate 
statistical analysis (curvilinear regression model for the 
associated random variables) of the diagnostic signal   
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 theo-
retical 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 fl ow through 
the crankshaft bearing and at the constant supply pressure 
in static conditions, the oil fl ow rate depends mainly on 
the size of oil gap. And according to the relation:

h = L
t
 (1 – cos ),

the gap value depends on oil bearing clearance (L
t
)

and relative bearing eccentricity ( ), in further consid-
erations we use a simplifi ed designation:

L
t
 = c.

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 pressure in the lubrication subsystem (bearing seal). 
By way of contrast, the theoretical determination of the 
oil gap is based on the equations of hydrodynamics for 
a viscous substance.

MATHEMATICAL MODEL OF BEARING 
AND ASSUMPTIONS

Assessment of work 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 result-
ing mathematical calculations are shown on the basis of 
a cross slide bearing model, characterizing the operating 
parameters of crank bearing in S-4002/4003 type of in-
ternal combustion engines. In the process of exploitation, 
the growing bearing clearance values   cause an increase 
in the impact of oil fl owing from the bearing, causing 
a decrease in tightness of the bearings.

The balance of oil fl owing through a dynamically 
loaded crank bearings can be determined analytically 
using a pressure distribution which is the solution of the 
Reynolds equation:
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6
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+ =   ∂ ∂ ∂ ∂ ∂   

. (1)

After considering the constant coeffi cient of dynamic 
oil viscosity (  = const) as well as the following simplifi ed 
expressions for the functions describing the thickness of 
the wedge and the bearing wear [5,9,14,20]:
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equation (1) can be written as:

( ) ( )
( )

( )
( )3

3

3 sin
'' , '' , '

1 cos

6 sin
, 0,

1 cos

xx zz x

xe
RP x z P x z P
xRc

R

xe
Rx z V
xRc

R

ε

η

ε

+ +
−

− =
−

, (4)

with the boundary conditions:
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where:
p

0
 - the ambient pressure [Pa],

p
z
 - supply pressure [Pa],

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

a - cord diameter [mm],
L - width of the pan [mm].
According to [5,12,14], the analytical distribution in 

the bearing oil pressure as the solution of equation (4) 
can be written as follows:
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ANALYTICAL BALANCE OF OIL

Analytical determination of the amount of oil fl ow-
ing through bearing is based on the solution of equation 
(4), i.e. function P (x, z) describing the distribution of 
pressure in the crank bearing [9,20]. The value of the 
intensity of Q passing through the crank bearing can 
be represented as two partial streams Q

1
,Q

2
, where Q

1

is part of the stream fl ow caused by the rotation of the 
crankshaft, while Q

2
is part of a stream of pressurized 

forced power Q
2
. By virtue of the above considerations, 

the dependencies representing the partial streams of fl ow-
ing oil can be written as follows:
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The relationships (17) - (20) omitted elements of the 
order o( 3) and used the following indications:
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Due to (17) - (20), oil streams Q
1
, Q

2
 can be written 

as follows:
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Finally, by equation (15), (16), the balance of oil 
fl owing through the crank bearing can be written as the 
following relationship:
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PERFORMANCE ANALYSIS 
OF DIAGNOSTIC SIGNAL

In the crank bearings of the engine type S-4002/4003 
(agricultural tractors C-355, 360), 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 [10,20,21]:
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using the classical formula Vogelpohl:
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3 40.92 10dotC V−= ⋅ , (30)

where:
C

dot
 - clearance after getting proper association (at 

optimal operation after 100mth),
h

0
 - the minimum thickness of oil wedge,

V - the peripheral speed of crankshaft.

In the boundary conditions of dynamically loaded 
crank bearing’s operation, the diagnostic signal param-
eters describing the relative decline in the oil pressure 
inside the bearing and its fl ow through the bearing score 
signifi cantly higher values   than when working under 
optimal conditions, which points to accelerated wear 
of the crank. Piekarski [17] applied the model to as-
sess the value of diagnostic signal parameters based on 
measurements of the relative pressure drop and oil fl ow 
dynamics at the measurement narrowing. As an indicator 
of the dynamics, the following value describing oil fl ow 
through the bearing was accepted:

0
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Analytical interpretation of the above relation, using 
the average value of clearance limit (at the speed of the 
shaft 1200 min–1):
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can be obtained by equation (26) as follows:
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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

Knowledge of the dynamics of steam friction (piv-
ot - cup) in a crank system, expressed by escalation of 
clearance between its elements, allows to determine the 
probability of reliable operation of the considered fric-
tion pair. A proper technical maintenance of the engine 
operation is necessary, provided the information is avail-
able 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.

Terms of co-operation of the functional subsystem 
crank pivot - cup decide on the reliable operation of the 
engine. The worsening conditions for cooperation of these 
subsystems as a result of processes of consumption leads 
to premature engine wear, and even more to signifi cant 
increase in fuel and oil consumption and increased dif-
fi culty in starting.

Requirements for operational progress are becoming 
more frequently recognized and formulated. It was noted 
that the effectiveness of the management of technical ob-
jects 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 reduced by improving the quality of 
technical objects, as well 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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ANALIZA BILANSU OLEJU W O YSKU KORBOWYM

S t r e s z c z e n i e . Praca przedstawia analityczn  kalkula-
cj  bilansu oleju przep ywaj cego przez dynamicznie obci o-
ne o ysko g ówne i korbowe. Teoretyczne rozwa ania bazuj
na rozwi zaniu równania Reynoldsa (analityczny rozk ad ci-
nienia oleju w o ysku poprzecznym lizgowym) o warunkach 

brzegowych charakteryzuj cych warunki pracy w/w o ysk za-
stosowanych w silnikach S-4002/4003 (ci gniki rolnicze). Ilo-
ciowo-obj to ciow  ocen  cieczy smaruj cej przep ywaj cej

przez o ysko przedstawiono adekwatnie do teoretycznej war-
to ci sygna u diagnostycznego co pozwala na dynamiczn  ana-
liz  porównawcz  przeprowadzon  dla wzorcowych, nowych, 
jak równie  dla o ysk o ustalonej klasyfi kacji stopnia zu ycia.

S o w a  k l u c z o w e : smarowanie hydrodynamiczne, o-
ysko poprzeczne lizgowe, równanie Reynoldsa, analiza dia-

gnostyczna, parametry sygna u diagnostycznego.


