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STATIC PROPERTIES OF PLAIN
JOURNAL BEARING

To guarantee a proper operation of a bearingnecessary that parameters charac-
terizing it in conditions of the start-up phassteady state, and run-down phase are
known. In the article, plain journal bearing mode¢scribing the condition before
the start of relative motiorw( = 0) were presented. The models were formulated on
the grounds of both the Hertz theory and the gétiezary of elasticity. The bearing
operation parameters calculated with the use oH#réz theory and the solid bush
model differ significantly. For the steady statdyemw;= const operating condi-
tions were determined from equations of the hydnadyic lubrication theory. Com-
parative studies indicate that at higher loadssqnes in the journal-bush contact
zone may prove to be decisive for proper operaifadhe bearing, rather than maxi-
mum pressures or maximum oil temperatures.

Keywords: slide bearings, oil film force, eccentricity ratistribution of stresses
and deformations, journal bearing, bush bearing

1. LIST OF BASIC SYMBOLS

a — ellipse radius vector length [mg;— bush width [m]Cr — radial clearance
[M]; Curmax — maximum radial clearance with deformation taken into account
[m]; E — Young's modulus [N/f); E' — reduced Young's modulus [NAn
F — load force (N)ges — bush thickness [mh — oil film height [m];r — refe-
rence system radial coordinate [m};— pressure in oil film [N/rf|; R — radius
[m]; Re1 — bush inner radius [mRs2 — bush outer radius [m]; — temperature
[°C]; U, — deformation in radial direction [m}J): — relative deformation
in radial direction;U, — deformation in circumferential direction [m},, —
relative deformation in circumferential direction [m}— Cartesian system coor-
dinate [m];y — Cartesian system coordinate [mm}— Cartesian system coordi-
nate [m]; 2 — journal-bush contact angle [rag}— oil dynamic viscosity [Pa-s];
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v — Poisson number — stresses [N/Aly or — stresses in direction of radial
coordinate [N/rf|. Indexes: B — solid bush, H — Hertz model; J — journal.

2. INTRODUCTION

The phenomenon of occurrence of hydrodynamic oil film was firstitbest
by N. P. Pietrow [12], B. Towers [16], and O. Reynolds [14]. In subsegeaart,
the development of the theory of hydrodynamic lubrication was strongly influen-
ced by works of A. Sommerfeld [15], G. Vogelpohl [17], and W. Kanie\ki
Currently conducted research pertains mainly to determinaitismoperties of the
hydrodynamic oil film with geometrical forms of the oil claace taken into
account [2, 5, 6, 10, 11]. For the state when the journal rotatessj¢eml
of wy = const journal and bush surfaces are separated by an oil layer (nim).

A proper operation of the bearing is affected by the position ¢btineal relative
to the bush. In the oil film, pressure in the working area reathe value
of p = pmaxand the temperature increases up to Tmax

Studies are also undertaken for the state when the journatienaty, i.e.
w3 = 0. Modeling of operating conditions in such a case is a comple.igsthe
course of starting from standstill, when the journal does mater,ca complex state
of stresses occurs in the journal-bush contact area. Jourralsimchaterials have
significantly differing properties. Values of the longitudinadulus of elasticity
for bearing alloys are much smaller than those of steelsafffay< E;), whereas
Poisson numbers for bearing bush alloys are higher than those sf(sieel ;).
Considerations concerning description of the phenomena occurring in thetconta
zone are carried out with the use of methods consisting of adapeitain
assumptions concerning either distribution of stresses orbdistm of deforma-
tions.

In the present paper, theoretical models of the state of strsdaleforma-
tions of the solid bush and the Hertz model of stresses and datrsnare pre-
sented. The maximum values of stresses and deformations obtained from the two
models are compared.

A characteristic was also developed on which the effect ofdaauokearing
operation parameters is shown in both the starting phase andétg-state con-
ditions.

3. THEHERTZ MODEL OF STRESSES AND DEFORMATIONS

In the Hertz contact model (Figure 1), an ellipsoidal distidiouof stresses
is assumed in the journal-bush surface contact zone [3, 7, 8, 9, 18]:
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o, (x)= Zrme /a2 %2 gdzie-as<x<a (1)

a

For the assumed stress distribution, the maximum values such as the contact
path length (2a), maximum stresseméx), and maximum deformations (Umax)
are determined from the equation of deformations:

E 170 (® ja_
FEISI”TO'S—UH(X)WZD@ 2)

whereE' is the reduced Young’'s modulus:

_1-v? +1—|/22

E 3
E, E, (3)
andp; is the reduced radius of curvature:
1 Rei—R,
: =5 4
P 2 Ry [R, “)

Adopting the journal-bush contact angle) as the quantity of assumed va-
lue, other quantities describing operating parameters of thengearthe starting
conditions will be expressed by the following formulas:

2a=2[R;, [sina (5)
F' = (RBl RJ)mBl [$in” a (6)
R, [E
aHmasz'E-li:EEli (7)
mla B mla

Uy = B omec 108 "“axz[”[a ®
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Fig. 1. Geometry and distribution of stresses agfdrdnhations for the Hertz model

For such adopted calculation model, the output quantfigs-fay Unmay
are functions of the contact surface geometsyR) and material propertie&.

4. THE MODEL OF STRESSES AND DEFORMATIONS
IN THE JOURNAL-SOLID BUSH CONTACT ZONE

Distribution of stresses in the journal-bush contact zone (Figar2pe also
determined from equations of the theory of elasticity by adoptiadollowing
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

deformations,

* bush deformation will be considered within the elastic range,
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 relative deformations in direction of the variable (r) argcdeed (Fig. 2)
by the relationship:

U (g _U.(9)
Re, ~ Ry Os

For the adopted assumptions, the relationships sufficient to deeetiré
bush thickness as well as stress and deformation distributierabtained. The
quantities are as follows:

U, (9) = 9

E
= 1-v)U W
7. (¢) (1+v)ii-2w) [ﬁ( V), (g)+v,, (¢)]
dalg|<a (10)
o.(p)=0 didg| = @
0, (#=0)=0, (11)
where:
o 9= g g
_Ur(¢):_urr (¢)|:gB = Curmax []:gsa,_CR (12)
dia|g|=a
Os
= CR 3 1
ur max 2
cosa (VJ tga-a (13)
1-v m
Uy ()
_ {m [Cormax - (V2 -cos@ +cosa-(1—2v)) = Cr- (1 —v)?] dlalp| < a (14)
t (i ._gz)'(curmax'CUS(p —Cp)dlalp| 2z a
U r max = Curmax - CR (15)

Og = RBZ - RBl (16)
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CR = RBl - RJ 17)
a BI/2
F=[ [o.(g)s (18)
-a-B/2
journal bush

Curmax=Urm=x+CR

y

Fig. 2. The state of stresses and deformationarptiin journal bearing bush

As it follows from equations (9-18), radial stresseg«()) are functions of
material constants( v), and radial and circumferential deformatiobl (U,,).
The deformationsy;, U,,) are functions of radial clearandgx], the contact an-
gle (@), and the Poisson numbe).(Similarly, adopting the model assumption
that the bush is non-deformable and only the journal is sulgetgformation,
it is possible to determine stresses and deformations tdttee In such a case,
the value of the contact path lengf#a), maximum stressesimaxs, orrmaxg), and
deformations {max3 Umaxg) Of journal and bush in the contact area for materials
with different properties H, v) will assume valuesy # ag, Omaa # Omaxs
and Umaxi# Umaxa
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5. BEARING OPERATION IN FLUID FRICTION CONDITIONS

Properties of plain journal bearings (Fig. 3) in fluid foctisteady-state con-
ditions (@J = const) can be described with the following systemqoftons
[1,4,5,6, 7]

* 0il clearance form:

h= 050D @,y L+ £ codg - 8], gdzieyy =

D

(19)

» pressure distribution in the oil clearance:
40hg"’_p+"( B‘Lj em;mgfrﬁ (20)
D? 0¢ 09 ) 0z 0z

« temperature distribution in the oil clearance:

g, ﬁlwza‘g—z e E}E[T[%T.{d;zrldy 1)

« flow velocity components in direction of axes (x) and (z) describy
relationships:

= Ej[ P y(y-h +thDR y}dy,
1 g 22)
2 —EO{ZE wy h)}dy,

« oil viscosity as a function of temperatuses #(T)
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Fig. 3. Geometry and pressure distribution in @ngfaurnal bearing fed
with fresh oil from lubrication pocket

By solving the system of equations (19-22) it is possible to determine quan-
tities necessary to work out static and dynamic charactsristia plain journal
bearing [1, 5, 6]. The set of the parameters defining propeftiee bearing com-
prises:

» the relative eccentricity
e

€ (23)

B CRef

wheree = OO, — eccentricity Crer= (Re1 — R)et — effective radial clearance,
S — the attitude line angle,

* the Sommerfeld number:

_ Flyg
SO B B |:DBl |IVef m.] (24)

 oil film maximum pressure:

Pmax = Pmax(X ¥ 2, (25)
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 oil film maximum temperature:

Tnax = Tnad X % 2, (26)

« oil film minimum height:

Pin = Pin (X Y3 2, (27)

6. ACOMPUTATIONAL EXAMPLE

The study was carried out for the stationary state with ¢leeofithe Hertz
model and for cases when either the bearing bush or bearimglj@gisubject to
deformation. Geometry of surfaces is summarized in Table 1pat@peration
of the bearing in fluid friction conditions was analyzed for therjal speed
;= 78.54 s* (ny = 750 rpm) oil VG150.

Table 1. A computational example

Type of model assumed for computation
Quantity
M odelsin which bush
Hertz model .
or journal deforms

Ry — journal diameter [m] 209,748)3 209,74510°%
Rs1— bush inner diameter [m] 210,00103 210,00103
Re2 — bush outer diameter [m] - 230,00°
B — bush width [m] 315,000° 315,0010°
E; — Young's modulus of journal matg- 21101 21101
rial [Pa]
FF?a] Young’s modulus of bush materjal 0.3810M 0.3810M
vy — Poisson number of journal material 0,3 0,3
v — Poisson number of bush material 0,38 0,38
Za — journal-bush contact angle [rad] 0,04- 0,33 0,01- 0,23

The static characteristic was developed in terms of functigRéF), omalF),
PmaxF), hmin(F), and Tma(F). The functions in the form of plots are presented in

Figure 4.
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Fig. 4. Dynamic characteristics of the plain joufm@aring. The quantities shown in the drawing
concern: 1 — journal; 2 — solid bush; 3 — Hertz edpd — hydrodynamic oil film

7. COMPARATIVE ANALYSISOF RESEARCH RESULTS

From the analysis of the course of functions presented in Figure 4, the follo-

wing conclusions can be drawn:

« The oil film minimum height forw; = 78.54 [sY decreases with
increasing load value. For the lokd= 300 [KN], the minimum oil film

height iShmin = 82 [/lm]y

+ the oil film maximum temperature fas; = 78.54 [s7] increases with
increasing load on the bearing. For the |&ae 300 [kN], the maximum

temperature i$max= 89[°C],

* maximum pressure values in starting conditions € 0) and the
maximum pressure in oil film«( = 78.54 [sY]) increase with increasing
load. The values calculated for the Idag 300 [kN] are as follows:
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Fluid friction Hertz model Deformable solid Deformable journal
model bush model model
Pmax= 6,5 MPa| duyma = 9,0 MPa Osrrmas = 15 MPa Oymax = 25,5 MPa
- 2a=133,1 mm 2a =95,0 mm 2a=55,0 mm

Adopting the Hertz model for calculations results in signifigalaver va-

lues of maximum stresses compared to the model of non-defornedibldssh
and the deformable journal model,

« maximum deformation values are the increasing functions. In ¢dlse o
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. Thaulzded
maximum deformation values for the load 300 [kN] are as follows:

Fluid friction Hertz model Deformable solid Deformable journal
model B bush model model

@ = 78,54 [1/g @=0 @=0 @=0

hmir= 82,3 Hm Uimax= 25,5 Hm Usrmax= 6,5 Hm Usrmax= 2,0 Hm

The sum of journal and bush deformations calculated from Hertz faenmsl
larger than the sum of deformations calculated for the solid bush model.

8. CONCLUSIONS

To guarantee a proper operation of a bearing it is necessapathaneters
characterizing it in conditions of the start-up phase, a stéat¥y and run-down
phase are known. In the article, plain journal bearing models weserged. The
models were formulated on the grounds of both the Hertz thedrtha theory of
hydrodynamic lubrication. These models enable to calculate the iogepata-
meters in the initial start-up phase and in the state of staticbenum.

For a plain bearing with the inner diameter of the busbirg0,42 m, load
F =300 kN, angular velocity, = 78,54 1/s, the conditions for maintaining fluid
friction were met.

Construction materials for the journal and the bush with sigmifig diffe-
rent properties were adopted for the tests:

« steel for the journat; = 2.1-10'! Pa,v = 0.3,

* bearing alloy for the busk;, = 0.38- 10! Pa,v = 0.38.

For the adopted calculation models of Hertz and the splited busHicsigni
tly different values of maximum strains and stresses wlgi@ned. These models
describe the bearing start-up process in which the permigséssure and defor-
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mation values are decisive for its correct operation. Therditation which mo-
del more accurately reflects the actual operating conditiottsedfearing arran-
gement during start-up requires additional experimental telsésreBults will be
presented in the next article after the research.
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