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JAN KICŃSKI

Gdańsk

The Influence of Thermoelastic Defonnation§ of Bearing Bush
and it§ External Fixings on Static and Dynamic Propertie§

of Journal Bearings
Part I. Thermoelasfohydrołlynamic Model of Bearing*

A complex thermoelastohydrodynamic model of slider bearing is presented. This model includes tbe
heat transfer between the oil fiĘ the bush and the surroundings. Bush deformations are catculated with
the aid of finite element method. The dynamic properties of the bearing are described with the use of the
equation of motion for small displacements of the centre of the journal. The equations describing the
theoretical model are adjusted to tie requirements of numerical calculations.

Nomenclature

bo,Bo - dimensional and nondimensional vis- h*, Hr
cosity-temperature coeffcients, respec-
tively bo [1Ą],

Cn, - specific oil heat [m'/(s'K)],
D - diameter of the bearing journal,

D:2r"=b*tmf,
E,E - dimensional and non-dimensional mo-

dulus of elasticity, respectively,
E[N/m'],E:E 1lrlr*1l11poai hr,Ha

tą} - uondimensional loadings vector
transformed to node forces,

tąl - nondimensional loadings vector due tĘ

- dimensional and non_dimeusional thi-
ckness of oil film for a rigid busĘ for
bearings with circular cylindrical clea-
ranc€:

ht: Ar-ecos({t -y),

Ą: l -acos (/-y),

- dimensional and non-dimensional de-
formation of a bush ia ńe radial
directioą ł, [m], Ha:hł/r,

* global stifrness matrix (non-dimensio_
nal),

- heat transfer coefficient for oil,
[kg m/§3K)],

- heat transfer coefficient for bush mate-
rial" lkg m/(s3K)],

c
h,H

to thermal interactions
- acceleration of gravity, k.l

- dimensional and nondimensional thi-
ckness of oil film, respectivel}, ł [m], kp

E=h/Ar,

+ Praca wykonana w ramach Centralnego Planu Badań Podstawowych nr 02.18, pt. "Wybrane
zagadueńa poznawcze energetyki', kierunek 3 ,,Procesy konwenji energii w ptzepływach".
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Koo

L
M
Nu
Pa

Pź
Qr

Qo

- r€latiotr of heat transfer coefficient for
oil to heat baasfer coefficient for bush
material, K.o: ko2rJ(k 

o 
/r),

- bearing widtĘ [m],
- nondimen§ioual viscosity, p/po,

- Nuselt numbeą Nu:ugrr.fk*
- Peclet numbef (inverse}

Px:kot/(p cnol /r2),

- static bearing load, f§}
- nondimeasional hot oil carry over

fiow,

Qr:qrIDa/r, qt[m3/s],

- nondimen§ional oil fiow at the lea-
ding edge,

Q, - fresh oil flow (non-dimensioaal) fed to
axial oil grove,

4*,Q. - dimensional and aondimensional side
leakage from axial oil groove§,

Q-:Q*1+Q*2+...+ ,

r,R - dimensional and non-dimensional ra-
dial coordinate for a busĘ r [m],
R:r/r-,

rc - journal radius, [m],
rv - radius of the bush inner surface, [m],
r,, R, - dimensional and non-dimensional ra-

dius of the outet surface of bush,
r,|mf, R,:rJr*,

lr - radial clearaoce, lr:r--r" lmf,
§,§ - dimensional and non-dimensional ra-

dial coordinate for oil fllm, s [m],
S:sł,

SL - ratio ofthe axial oil grove width to the
bearing widtĘ

t,T - dimensional and non-dimensional
temperature of oil fllm, 

' 
[K], T=

: t p c* (Ar / r *)' l0l o ol),

t",T, - dimensional and nondimensional
t€mp€fature of the journal

t.,T" - dimensional and non-dimen§ional in-
let temperature of oil,

to,To - dimensional and nondimensional
temperature of the busĘ

t,,T, - dimensional and nondimen§ional
temperature of ańbient,

Vo,Wro - dimensional components of load capa-
ciĘ

a'! - nondimensional thermal expansion
coemcient,

u|:u, poa/(p c*(/r/r*)3 ,

T - attitude qn8lą ["],
E - eccentriciiy tztio, a:eĄr,
t - circumferential angular coordinate,

t:Ur*,
to - angular circumferential coordinate of

ńe leading edgą
t* - angplar circumferential coordinate of

the trailing edgą
p - density of oil, [kglm3],
n - nondimensional hydrodynamic pre§-

sure in oil film;

II: p(/rlr.)Ż /(pga) ,

no,n, - nondimensional feeding pressure of
oil and non-dimenŃonal pressure due
to external fixings, respectively,

a),@t - angular velocity of rotor (of journal),

[radls],
@c, - 8n8ular ve|ocity determining the stabi-

fity limit of the system"_Ętdlrl,
@o - reference psramet€r @o=ł cUr Lradlsf.

1. The §ubject of ńe paper

Despite the undisputable progress in the rc§earch dealing with properties of oil
films, the problem of heat transfer and thermoelastic deformation§ of ńe bush has
not been fully examined. This refers pańicularly to the dynamic plopelties of oil
films. The system§: rotor-journalJubricating film-bush-external fixing form a tribolo-
gic system which is a very difficult one for theoretical description. There are great,
often qualitative, discrepancies between the results of theoretical calculations and
experimental data.

In the literature one caq find numerorr5 6aemples of theoretical models describing
heat exchange in the oil film lI,2f- Ęaamples of calculations of elastic and ńermal
deformations of bushes or pads caused by hydrodynamic pres§ure are grven in [3, 4
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5, 6]. However, the mejority of these works is devoted to the static properties of
lubricating film and only simple models of deformable elements of bearing are
applied (e.g. a beam or rigs rigidly fixed on the external surface. In ńe extensive
literature on the dynamics of rotors [7, 8, 9] one can find descriptions of ńe
dynamical properties of the rotor-bearing system which are also based on a simple
model of the bush. Nevertheless, one can find works t1O] in which ńe authors try to
define the influence of bush deformation and the type of its fixing on the dynamic
properties of a rotor-bearing system (however, the thermal deformations are usually
neglected).

A thermoelastohydrodynamic model of a bearing has been developed in
the Institute of Fluid-Flow Machinery, Polish Academy of Science. It accounts
for the problem of heat transfer in the oil grooves, the oil film, the bush
and ńe heat exchąnge with the surroundings. The model includes elastic as
well as thermal bush deformations. The finite element method enables one
to model reactions of the exterłal fixings of ńe bush in the support of the
bearing. A system consisting of a rigid, single mass, symmetric rotor has been
considered. Such a simple system allows one to determine the dynamic cha-
racteristics for the bearing only.

The term "dynamic characteristics" is used here for the characteristic quantities,
calculated with the use of damping and stiffness coefficients, such as stability limits,
damping (logarithmic decrement) and the free vibration frequency of a rotor-bearing
system.

The basic aim of the work was to create a theoretical tool consisting of a model
and, a computer program which would enable one to perform more precise
calculations of the properties of slider bearings. The research on the influence of
external fixings of bushes on the static and dynamic characteństics of the bearing
presented in this paper can be treated as an illustration showing the possibilities as
well as limitations of the proposed ńeoretical model. To build a model of an external
fixing of a bush is not an easy task. This is due to the complicated mechanical and
thermal interactions. It is very difficult to construct a model which would, within
good approximation, describe the real, practically encountered, designs of external
fixings of the bush, and the conditions of the heat transfer. Thus, in the present work
only several simple cases of external fixings have been considered. Further, simple
conditions of heat exchange have been assumed (heat transfer to the surrounding by
free convection).

With ńose assumptions in mind, the following question has been considered.
Does a change of the design of the bush fixing, for typical operating conditions,
imply significant changes in ńe dynamic and slatic properties of the bearing and the
whole system? In the literature one can find very little information on ńis subject.
Part I of this paper describes basic assumptions and equations of the theoretical
model. On ńe other hand Part tr is devoted to ńe presentation of an experimental
verification of the model and theoretical investigations of the influence of external
fixings on the properties of ńe bearing.

165
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2. Theoretical model

The processes occuring in a non-isothermal oil fiIm and in a deformable
lubricating gap are described by a number of inter-conjugated equations. Only the
final basic equations and the most important simplifying assumptions will be
presented here. All classical assumptions of the hydrodynamic theory of lubrication
will be tacitly assumed to hold.

2.1. Reynolrlr eqrntion

This equation has been derived basing on the fundamental assumption that oil
viscosity p is the function of perimeter coordinate l and fiIm thickness s (the
diathermic model)

p:f(l, s),

and is not dependent on the coordinate along bearing width zo (Fis. 1). This is
equivalent to ńe assumption of constant temperature along the bearing width. The
shape of lubricating gap h is a function of perimeter coordinate l and of bearing
width zo

1r:f(l, z).

Fig. 1. §ystem of coordinates

One can introduce the following non-dimensional

{,::, rr:ł,r:i,H:*, tr:O)t,

The Reynolds equation takes the following form

quantities

M:L and
llo

J1:o(/rlrJz
Foa
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a2fi an

--L-
arŁ'' arŁ

0'n

I l aru _Ń]o^o' l_,u:, _,, aH an _
LEŃ-iAds l*ą-Eąazo:

o

: 

ńr,+,iB 
ds- D+ H * I Bo, -#),

0

(1)

where

If one employs the non-dimensional notation, óe components of the hydro-
dynamic capacity of the hydrodynamic capacity of the bearing II*g, frr, are

Ii, _Yźg(/rh*)' _o:Ę ,* :- I Jfl.o, {lilzeihŁ,
-LlD *p
LlD 9k

J Io,, {,dzehŁ.
-LlD $p

The total capacity fro is the geometrical sum of ńe components Ź*o and Ż"o. If
the conrponents Ą9, fi"o are known one can easily calculate ńe capicity
corresponding to the classical definition of ńe Sommerfeld number

so: & (Arlr*)2 : 1 łfrT+ą:Źr".LD poa o !,D oń

The iterative solution of Eq. (1) has been obtained with the use of a five-points
difference approximation method and the classical Reynolds boundary condition.

22 Ęuation for enerry

The energy equation which determines the temperature distribution in the oil
film, has been derived basing on the assumption ńat in the perimeter direction of the
bearing / heat is transferred only by convection, and along the film thickness § by

,:I#^-i#j#^,

(1a),:i#o,
i#"

ft wro (/rlr*)2
llyg:' )ri Fo(D



168 J. Kicński

conduction- The assu'nption of con§tant temperature along the bearing width zn
implies the use of mean values of velocity zo and ńeir derivatives (óu/ós)-, (\w/Os)*
in energy equation. These values can be obtained from their distribution along the
bearing width. After introducing of the following additional nondimensional
quantities

T:Ęc*!!!!ł,
Fo@

U:Ł:#, PE:

Tf Ug U§
..-s ,

U., af n

kot

pc*a/rz'
one obtains energy equation in the fg|lo\ł/ing form

where

'' §ro
(aU
\*I:#Vrffi)"t ,fi;#r

(K)-:#(,ź),,t { l
whereas A and B are defined by Egs (1a).

The boundary conditions for energy equation (2) are as follows:
- temperature distribution on the inner surface of the bush (calculated from

conduction equation)

7(§ , ly')"= 1: To(R, {)n= t,
- tomperature distribution of the journal surface

7(S, r/)"=o:4.

In ńe model under consideration the journal temperature is assumed to be
constanl Its value can be obtained by averaging the temperature distribution on the
inner bush surface. It can be also est:mąlgd in simplified calculations, or tested
experimentally.

The initial condition for Eq. (2) is defined by the temperature distribution along
the thickness of lubricating filin at the inlet edge of oil groov". This can be calculated

u"ff-##,:#(#)"-(*)"],

IJo:Ęffi)"A+!- B,

(2)
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from the equątion of heat balance in the oil grooves

T(S , t)*=*o:a§2+DS+c,
where ńe coefficients a, b, c can be determined from the equation of heat balance
(mi"ing).

The energy equation (2) has been solved numerically with the use of a six points
scheme of difference approximation of Crank-Nicholson and the Gauss elimination
method.

23 Ęuation of conductioo

In order to calculate ńe heat transfer through the elements of the bearing,
a model of the bush (or pad) has been assumed in form of a thick-walled complete (or
pańial) ring, however, without such structural elements as pitch planes and
application oil grooves. For a constant temperature along the bearing width (ańs Zo)
equation of conduction takes the form:

a:tr_!Ę_ t }rTr_n
aRr 

+R;ń*ł, ań:u. (3)

The boundary conditions for the equation of conduction (3) in radial direction
R are defined in the following way:

- on the inner surface of bush R:1 the heat fluxes in oil fi|n and bush are
assumed equal. i.e.

arol _K,e aT|

an |*=r- a Ń|"=r'

- on the outer surface of bush R:R, the heat transfer to the surroundings takes
place by the free convection:

# |^=_":" 
u(r,-łl*=*"),

In the perimeter direction the boundary conditions for Eq. (3) are equivalent with
a periodical solution (for a complete ring) or with the condition of free convection
(for a pańial ring).

In ńe case of a complete ring and the condition for periodical solution an
analytical solution of equation of conduction has been used. On the other hand in
the case of a part of bush (pad) the iterative solution of Eq. (3) was obtained with ńe
use five-points difference approximation method.

2.4. Equation of heat balance of oil grooves

The process of heat exchange between the supplied cold oil and ńe recirculating
hot oil, which takes place in ńe oil grooves, highly influences ńe obtained solutions.
It determines the temperature distribution on the inlet edge of the oil groove, and
hence it determines the initial condition in the energy equation (2).

I69
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It has been assumed ńat ńe fresh oil fed to the oil groove at pressure IIo and
temperature Ę mixes completely with the hot oil of the average temperature Ę
recirculating from the oil groove. This mixing process allows ńe temperature Ę in
the oil gloove to be constant. Temperature Ę can be obtained from the following
balance equation

Tu(Qr*Q):QrTk+Q"To,
where

Q":Qo-Q**Q*,

whereas the amount of oil dribbling out through the side edges Q* is given by

(4)

*p

n**ĘIH'd,Ł,
91

7(S, r/)i"=o :li and 7(s,,/)l"= t :To(R, r/)l*=,
*=*p *=9p ' *=9p

an no

ą:*Fu
The temperature distribution at the inlet has been approximated with a polyno-

mial of the second order using the condition:

(aa)

11

Ir'r, u4lr =r,: 
l(a§z 

+b§+ c) ds : Tu,

which means that the 
on*o,rot 

of heat silpplied to the bush Qo Ę equals the amount
of heat calculated from the assumed parabolic temperature distribution. Coefficients
a, b, c have been calculated with the use of ńe two other boundary conditions, i.e.

25 Ęuation of thermoelastic rleformations. Dynamic characteristics

In order to calculate thermoelastic deformations of the bush the finite element
method (FEM)has been utilized. The space of the bush is digitized wiń finite spatial
elements of different number of nodes (8 to 21).

Elastic and thermal deformations of the bush {U} are obtained from the solution
of a general matrix equation of the following form:

ElĄ {u}: {Ę}+4r {4}. (5)

By fixing the arbitrary nodes on the external surface of the bush and following
arbitrary external loads Ir, one can model various types of bush fixing in the bearing
support, and then calculate dislocations in each of the nodes of the FEM net
corresponding to the type of fixing and ńe hydrodynamic loads. If the components
of the dislocation vector {tl\:U,,4,U, are known the equantity describing the
deformation in the cylindrical system of coordinates can be easily determined as

Hr(t , Zr):U*(Ze)cos ry'+ Ur(Zr)sintŁ .
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The shape of lubńcatinEEap H(V, Zo) can be described by the following relation

H(lt , Z):HrW)+Hr(t, Zr). (6)

Let us consider the case of small oscillations of the c€ntre of the journal around
the point of static equilibrium. The assumption of small vibrations allows one the
linearize the relations between the hydrodynamic reaction II and ńe displacement.
Thus, one can u§e the so-called stiffnes and damping coefficient.

For an arbitrary rotor-bearing system one can determine, basing on the
calculated stiffness and damping coefficients, its basic dynamic propeńies such as the
stability limits, damping and frequency of self-vibrations.

For further considerations let u§ a§sume a simple system consisting of two
bearings and a stĘ symmetrical and single mass rotor of a non-dimensional mass d.

§uch a system simplifies the diagnostics of dynamic properties of the oil film itself
and hence it is particularly suitable for the kind of analysis presented in the following
paper.

The solution of the homogenous equation of motion of the centre of the journal
which includes the previously derived relations enables one to get a highly complex
description of ńe dynamic properties of the system. E.g., the stability limit of the
operation of the system is a function of the following parameters:

%ro:f tso, !r, 'r, 
no, E, a'ł,n,, Nu, pr, Koo, Bg, To,T,, T),

Now, it is clear that ńe stability limits of the system depend on such a great number
of parameters that any general theoretical analysis of ńe influence of
non-dimensional quantities is an arduous task.

From the technical point of view it can be interesting to analyse the dynamic
properties of a system for a set of geometries of the bearing, given the type of bush
fixing, given the cooling and lubricating mode and for known constant values of
material coefficients and heat transfer coefficients. The only variable parameters are
rotor revolutions and the load of bearing (rotor mass). According to Glienicke
U0], if one denotes ńe relatiyg §6mmerfeld number by

soo:§6 fr:'#H'
the related damping value of a given system uJao can be presented in a form of the
following, respectively simple function

For a given external load of the bearing Po (rotor mass) the value §oo is constant
and independent of ar. One can trace the distribution of the damping value of
a system uJao and the distribution of the self-vibration frequency for various

ft:r(".,fr)
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rotational velocities of the rotor @foo. The received damping curves allow one not
only to determine the stability limits (the point of zero damping) but also,
for a known operational velocity @,l@o the so called stability (or damping) re§erve.
The possibility of knowing ńis reserve is particularly useful for optimisation
calculations.

Fig. 2 Block diagram of calculation procedure for DIADEF program (1, - angle
7 calculation loop, 1" - e calculation loop, lo - diatermic loop, ln - main iteration loop)

DlADEF program
Data input (1)

Con sła nt łil m viscosiłg
( lsothermqI modet, rigid bush)

aap shape , pressureńsln'óuhón
and laod capacllq ca/culałtón

BearinQ caoaciłrł resu/tąnt
ver t'icó i atir ectión chec/c - out

s anq/e mrrecltbn

/,oad capacilq and qiven
exferna| loąd checł- out

fi/m , bush ćemperalure and
vtscosiłq dtsłribułlon
ćą/cu/af/'on

TPnperalure ńsłóullon chect- aut

I 
" 

iłerattbn NŁ ,| ?

Oala t'nout 12)
Bush e/asŁic and therma/
de{arma / jo ns ca/cu/al/an Stiffness q/obaI matnł

De{Ormąlion and pressure
drcłnół/lon óecŁ'- out

Resu/tinq dała trans{er
ta externąl {i/es dDd
slaraqe łorsubseguenł

Slalic and dqnąmlć ńaracle-
rtsltbs ca/cu/alian - ponł aut
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3. Algorithm of calculations

Equations (1)+(6) form an inter-conjugated set of partial differential equations.
The solution of thi§ set can be obtained only by an iterative method choosing the
most efEcient system of iteration loops.

As it has been mentioned at the beginning of the paper, at the Institute of Fluid
Flow Machinery a suitable algorithm and a computer program named DIADEF
have been develoPed. These enable one to solve the set of equations and to determine
the static and dynamic characteristics of the rotor-bearing system.

FE14

Elemenłs 6
Nodes 86
Egualńns 18l

FDH Node6 250

Fig 3. Scheme of digitŁing a bush with a finite element net (FEM)

Fig. 2 shows the calculation procedure for a given bearing geometry, given fixing
and feeding mode, given material coefficients and set valuós of load and rotoi
revolutions, ie. §oo and arfao.

The solutioor;'+1 (distributions of the pre§§ure, temperature and deformations)
have been obtained wiń ńe use of the relaxation method of the following type

;.v+ 1 +x"- r * { (X" _ x"- t;.
The best convergence of ńe iterative proces§ has been obtained for the loop

determining the temperature with the relaxation coefficient ( equal to 0.02+0.1, anł
for the loop determining ńe deformation with 6:6.2 : 1.6.
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In the following paper the calculation has been performed using a 6-element
digitalŁation of a bush. §or the half of a bush both in Yn- Z n and in Yn- X o plane
- the principle of division in symmetric and antisymmetric parts was utilized). The
scheme of such digitalization (FEM net) together wiń nodes numbering is shown in
Fig. 3. The authors of ref. [11] have performed an analysis of the influence of the
number of elements on the results. This analysis has been carried out for a model
load and two versions of the external fixing (free bush and a cro§s fixing). The
calculations have been made using discretization with 6, 36 and 72 elements. The
biggest discrepancies in the computed deformation have been obtained wińin the
limits of 2 - I0V, for a respective node.

In the case of problems discussed in this pap€r such precision seems to be quite
sufficient.

4" Discussion

The model presented is character ized by some features which can be found in the
works of ońer authors tl - 6, 10]. There are similar assumptions concerning ńe
heat exchange in ńe oil film, and the deformable pańs of the bearing, as well as ńe
exchange of heat with the surroundings (free convection). However, the distinctive
feature of the present model is a different set of initial conditions for the equation of
energy. These conditions have been established basing on an attempt to obtain the
heat balance in lubricating grooves which requires ńe assumption of the total
mixing of the oil. The computer program based on this model is a coherent synthesis
of elements connected with the diatermic heat model and of thermoelastic defor-
mations in the bearing.

with the above considerations in mind, one may be tempted to make several
more general remarks about the model presented as well as other models which are
known from ńe literature.

Despite its complexity, ńe presented ńeoretical model is only an approximation
of a real tribologic system: the journalJubricating fiIm-bush-external fixing. The
model is based on ńe assumption that the total heat in the system is generated only
by the lubricating film. In real systems heat can be supplied to bearing e.g. through
the journal. There are case§ when the amount of supplied heat can be evident (for
example: thermal rotary machines with slide bearings). The assesment of the mean
temperature of the journal can pose a difficult problem. The assumption of average
temperature on internal surface of ńe bush is doubtful in such a case. The choice of
temperature f" can be based only on experimental measurements (if such ones exist)
or on an estimation.

The condition, commonly used in the literature, of heat transfer on ńe external
surface of the bush by free convection is scarcely encountered in real situations

In laboratory research one can have a free bush. However, in practical
applications there ase usually bush fixing elements in bearing supports. Hence, it is
difficult to determine the heat transfer process.
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The condition of free convection heat transfer to the sunoundings cannot be
aPplied. Besides, the fixing element§ can exchange heat with external sources.

The proper determination of such coeffEcients as ao, (the coefficient of free
convection heat transfer) or ko (the heat transfer coefficient in bush material) is
a significant problem. Their values are §trongly dependent on actual conditions of
heat transfer and the chemical composition of the material used. E.g., in the literature
concerning ńe two-phase flow one can find values ranging between 50 and 10 000
kg/s3 K. Some auńors use aor:80 kg/s3 K when dealing with the problem of slider
bearings, [5].

The coefficient /c, depends substantially on chemical composition of ńe bush
material and usually can be assumed to be within the following limits: white metal
ża+Ę, bronze 25;-80, cast iron, steel 20+60, brass 100+- 150, copper 350+390 [kg
m/s3 K]. The situation can be even more complicated when ńe direct sliding layer is
made of a different material than the bush. This can influence and change the
conditions of heat transfer in the vicinity of the internal surface of the bush. Taking
all this into account, in calculations coefficients ilu, kr, tc LIe often treated as
variable parameters which can take various values.

As far as the ńermal model is concerned, the bush bearing has been treated as
a thick-walled complete or partial ring without such structural elements as dividing
planes, grooves, drillings and oil offtake channels. This obvious simplification of ńe
real structure is necessary for a theoretical description of problems described by the
conduction equation.

The mixing of cold and hot oil poses another dfficult question. In the present
model the following assumption has been made tbe cold oil is completely mixed with
the hot one and as a result the temperature in ńe oil groove is constant and equal to
fr.. However, the complexity of all the phenomena involved restricts the range of
validity of such a simple model.

Even a very expanded theoretical model, based on the scheme that the only heat
souroe is the lubricating film and ńe heat is transferred by the simple structural
elements of the bearing, gives only a simplified description of ńe reality. Thus, some
authors find complex theoretical models useless, as ńese are often based on generat
assumptions which are difficult to check. Instead, simple models based on ex-
perimental data valid wińin particular operating conditions are thought to be more
useful-

The above conclusions, which point at the complex nature of phenomena taking
place in slider bearing and emphasize the problems and the limitations connected
with formulating a theoretical description§, cannot diminish enonnou§ advantages
and possibilities offered by a theoretical model of this kind. It is particularly useful
for comparison or an optimisation calculus. Experimental data are very expensive to
obtain and sometimes simply not available from the technological point of view_
A theoretical description is in many cases the only source of information both for
designers and researchers of bearings.

Results of an experimental verification of the presented model are given in thę
second part of this paper. The influence of the external fixings of the bush on the
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static and dynamic propeńies of a simple rotor-bearing system are presented ńere.
The results give a good illustration of ńe theoretical description using the proposed

model and the computer program.

Rceiwd by the Editor, July 1989 (revired mmu6ipt)
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WŃw termosprężysĘch rleformacji panwi or8z jej utwierdzeń zpwnętrznyó
§tatyczne i rlynamiczne wlasnŃci poprzeczrych łożysk ślizgowych

C4ść L Termoelastohyilroilynamiczny morilel lożyska

s tre szcze n ie

W pracy przedstawiono termospężysto-hydrodynamiczny model łożysk ślizgowych. Modd
wymianę ciepła mi$zy fllmem olejowym, panwią i otoczeniem. przedstawiono model

równowagi cieplnej w osiowym rowku oĘowym oraz równania odkształceń spężystych i
panwi. Odkształcenia panwi liczone są metodą elementów skończonych. MożliwoŚĆ ustaleaia
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węzłów na zewnętrznej powierzchni panwi oraz zmiennego obciązenia ,możliwia modelowanie mocowa_
nia panwi w podporach łożyska- Dynqmiczne własności łożyska są opisane za pomocą równania ruchu
dla mĄch Przemieszczeń Środka czopa- Równania opisujące model teoretyczny zostzĘ dopasowane do
wYmagari stawianych obliczeniom nrrmerycznym. Algoryh obliczeń i program komputerowy zostały
również opisane w pracy.

Bn,rmue TePMoYtrPyrux AeÓopMaqiln BIcJIaAEII[a lr ero BIIeIIIHIX yTBepI(Ą€HIrfi H8
gfaTtrqeCKtr€ n AIrfiaMtrqeCKf,e cBoficTBt tronepeqnhlx tro.ruHIIHf,KoB cKonbxenrłn

9acTr L Tepr,rooaecmrf,ApomrMf,reocel MoIeJrb uo,rurnrlmtr

Pegroue

B pa6ote npe.(cTaBnega TepMoy4p},rorgĄ)oAggaMullecrrg MoAefiB tro.I{mf,IlnuxoB croJrlxegtrfi.
MoĄełl oxBaTHBaeT renłoo6uen MexĄ, Macrrsgoń n-rrómoĘ BruIa.Ę.IrrI€M f, oĘryrxxocTbxr.
flPe4cranłexa Mo.ąeJIb - ypaBxeaae TeILIIoBoro paBEoBecatr r ocerofi vacamoń raEaBKe, a Taxxe
)ĘaBEeHE{ ynpyrgx f, TepMxrlecxtrx 4eQopuarpń BKnal&ilua Pacłćr AelPopuarFfi nrrraArnrra
[pon3BoAtrTcs MeTo,uoM 6ecronesnLlx 3JreMeEToB. Boguorxr.oqrr, yctanazttf,Jlnf/aw, ITpoE}BoJIbHEIx
Y3noB Ba - aseulEeń IIoBePxEocTtr Brr;IaIEIma a Tarxe neperrłemofi Earpy3rtr o§ecuesnBaer
MoAeJIrpoBaEEe Ę)€ruIeatr BKJIaABItua B oIIopBx IIo.ĘuEIIEtrra. A*avoqecxge croicrra tTo.ĘlrrtlEllra
OntrCLIBaIOTCa YqPaBEeEn ME lFnxenł' l!'tx ne6o.rnrrrqx EepeMerqeg!fi I1errpa rranilx. Yparnemx
OtrBCEIBaIOIIIE€ TeOPeTtrqeCK)[o MOAeJrE nPuCuOCO6nemr r rpe6oaannnrr npeA6rB1seM6ilvf r{ESJISEEEIM
pacrćrav. B pa6ote oIrucEIBaK)Tc.tr Tarxe afiroprrM E Ę)orpaMMa aa gBM.


