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JAN KICINSKI

Gdansk

The Influence of Thermoelastic Deformations of Bearing Bush
and its External Fixings on Static and Dynamic Properties
of Journal Bearings
Part I. Thermoelastohydrodynamic Model of Bearing*

A complex thermoelastohydrodynamic model of slider bearing is presented. This model includes the
heat transfer between the oil film, the bush and the surroundings. Bush deformations are calculated 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 the requirements of numerical calculations.

Nomenclature
b,,B, - dimensional and non-dimensional vis- h,, H, - dimensional and non-dimensional thi-
cosity-temperature coeffcients, respec- ckness of oil film for a rigid bush; for
tively bo[1/K], bearings with circular cylindrical clea-
e — specific oil heat, [m?/(s?’K)], rance:
D - tl:i;in;tejzrof[ mff.]he bearing journal, h, = Ar—ecos (f —9),
Tl Sty 2
EE — dimensional and non-dimensional mo- H,=1—¢cos({Y—7y),
dul f elasticity, tively, : - : %
Et}:;s/mzi) E-—i??;:;: )),3 /(ﬂrz)s)p v hs, Hy  — dimensional and non-dimensional de-
g o= W, 0% ) 2 A %
{Ii,} — non-dimensional  loadings  vector f(?rma_tmn of a_bushin; the, radial
transformed to node forces, dlrectlon,_ hy[m], H'f:h"/ Ar,. ;
{FL} — non-dimensional loadings vector due [K] - glc;bal stiffness matrix (non-dimensio-
to thermal interactions, nal), ? :
i _ acceleration of gravity, ki — heat transfer coefficient for oil,
> 3
h, H — dimensional and non-dimensional thi- [kg m/s” K)], .
ckness of oil film, respectively, k[m], k, — heat transfer coefficient for bush mate-
H=h/4r, rial, [kg m/(s*K)],

* Praca wykonana w ramach Centralnego Planu Badan Podstawowych nr 02.18, pt. "Wybrane
zagadnienia poznawcze energetyki”, kierunek 3 ,Procesy konwersji energii w przeplywach”.
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Ky — relation of heat transfer coefficient for ¢, T, — dimensional and non-dimensional
oil to heat transfer coefficient for bush temperature of the journal,
material, K,,=k,r,/(k,4r), el — dimensional and non-dimensional in-
L — bearing width, [m], let temperature of oil,
M — non-dimensional viscosity, u/y,, 1,1, — dimensional and non-dimensional
Nu — Nuselt number, Nu=a,, r/k,, temperature of the bush,
Py — Peclet number (inverse), 1T, — dimensional and non-dimensional
Pg=k,/(pc,,w 4r%), temperature of ambient,
P — static bearing load, [N], W.o, W, — dimensional components of load capa-
0. — non-dimensional hot oil carry over city,
fiow, af — non-dimensional thermal expansion
0.=aq,IDw 4r, g, [m?/s], coefficient,
g, — non-dimensional oil fiow at the lea- at=u, uo 0/(pc,. (dr/r, )},
ding edge, . z
0, — fresh oil flow (non-dimensional) fed to 7 attitude angle, [],
axial oil grove, £ ef:centncxty fatlo, e=e/dr, )
4,.0, — dimensional and non-dimensional side . ;ucn;/mferentlal gt conndingi
leakage f ial oil =1 s
éa_aze +rQom +ax1:1- S ) v, angular circumferential coordinate of
wo Zwl w2 T e » .
r,R — dimensional and non-dimensional ra- the leadm.g edge, . :
dial coordinate for a bush, r[m] /A angular circumferential coordinate of
Bt ¥ § the trailing edge,
i 2 joumalw sadiuss pd p density of {)il, [kg/m3], :
T, — radius of the bush inner surface, [m], n non-(!nmeflsnonal hydrodynamic. pres:
r,, R, — dimensional and non-dimensional ra- sure in oil: film;
dius of the outer surface of bush, I =p(dr/r,) /(o ),
r.[m], R,=r/r,,
Ar — radial clearance, dr=r,—r. [m], o, non-dimensional feeding pressure of
PNy — dimensional and non-dimensional ra- oil and non-difnensional PrESsUIC due
dial coordinate for oil fllm, s[m], to external fixings, respectively,
S=s/h, w,w, angular velocity of rotor (of journal),
S — ratio of the axial oil grove width to the [rad/s],
bearing width, ), angular velocity determining the stabi-
il — dimensional and non-dimensional lity limit of the system, [rad/s],
temperature of oil flm, t[K], T= , reference parameter wo=\/g/Ar [rad/s].

=tp C\. (Ar/r.) (1o @),

1. The subject of the paper

Despite the undisputable progress in the research dealing with properties of oil
films, the problem of heat transfer and thermoelastic deformations of the bush has
not been fully examined. This refers particularly to the dynamic properties of oil
films. The systems: rotor-journal-lubricating 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 can find numerous examples of theoretical models describing
heat exchange in the oil film [1, 2]. Examples of calculations of elastic and thermal
deformations of bushes or pads caused by hydrodynamic pressure are given in [3, 4,
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5, 6]. However, the majority 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 the extensive
literature on the dynamics of rotors [7, 8, 9] one can find descriptions of the
dynamical properties of the rotor-bearing system which are also based on a simple
model of the bush. Nevertheless, one can find works [10] in which the 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 the heat exchange with the surroundings. The model includes elastic as
well as thermal bush deformations. The finite element method enables one
to model reactions of the external fixings of the 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 characteristics of the bearing
presented in this paper can be treated as an illustration showing the possibilities as
well as limitations of the proposed theoretical 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 those 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 the dynamic and static properties of the bearing and the
whole system? In the literature one can find very little information on this subject.
Part I of this paper describes basic assumptions and equations of the theoretical
model. On the other hand Part II is devoted to the presentation of an experimental
verification of the model and theoretical investigations of the influence of external
fixings on the properties of the bearing.
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2. Theoretical model

The processes occuring in a non-isothermal oil film 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. Reynolds equation

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

e=10, ),

and is not dependent on the coordinate along bearing width z, (Fig. 1). This is
equivalent to the assumption of constant temperature along the bearing width. The
shape of lubricating gap h is a function of perimeter coordinate I and of bearing
width z,

h=f(, z,).

Fig. 1. System of coordinates

One can introduce the following non-dimensional quantities

z s h

l 2
‘llz;‘, Zp=_P’ S=— H=— T=wt, M=£ and H=p(Ar/Tw) :

s i h’ 4r’ Ho Ho @

The Reynolds equation takes the following form
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If one employs the non-dimensional notation, the components of the hydro-
dynamic capacity of the hydrodynamic capacity of the bearing IT.,, II,, are

LD yk
m Wy (dr/r,)? 4
on=r—5,o7;w—=— ] ] II cos lﬁdzpdl//,
—L/D ¥p
L/D k
= Wro (Ar/r) [ :
HY0=—r‘20— 7 - 1 IT sin ydZ, dy .
—L/D ¥p

The total capacity [T, is the geometrical sum of the components IT_, and I,,. If
the components IT, Hyo are known one can easily calculate the capacity
corresponding to the classical definition of the Sommerfeld number

P (Ar/r) 1 = = 15

So= = T+ = [,

LD, mivs ok Ak o g LA
‘D P

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 Equation for energy

The energy equation which determines the temperature distribution in the oil
film, has been derived basing on the assumption that in the perimeter direction of the
bearing [ heat is transferred only by convection, and along the film thickness S by
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conduction. The assumption of constant temperature along the bearing width z,
implies the use of mean values of velocity u,, and their derivatives (9u/0s),,, (Ow/ds),,
in energy equation. These values can be obtained from their distribution along the
bearing width. After introducing of the following additional nondimensional
quantities

2
RNl B A
! wt > T A = >
.“o w ucz @ rw
woHe_We p
sr = ? E A 27
utz w Tw pCm wAar

one obtains energy equation in the following form
0T P; T M [[3U\?® [oW\?
S Tl ST T et s 2
Uy 2 052~ 12 [(as>"+<a‘;/>n ; @

Glid
U,,=H,3(—> ATI=R,

(@) (.61
=

0w\ HZ (ol S
(85).3¢ (32,). (-
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)

where

ta
1S9

HS

8,
o5}

Ot (O

[

O ey =

5
M

© Sy

O ey
N

T(S, lI/)_,=1=7;(R' ‘l/)R=17

— temperature distribution of the journal surface
T(S, Wemo=T,.-

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

The initial condition for Eq. (2) is defined by the temperature distribution along
the thickness of lubricating film at the inlet edge of oil groove. This can be calculated
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from the equation of heat balance in the oil grooves
T(S, lp)¢=¢,p=aS2+bS+c,
where the coefficients a, b, ¢ can be determined from the equation of heat balance
(mixing).
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.

2.3. Equation of conduction

In order to calculate the 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

partial) ring, however, without such structural elements as pitch planes and

application oil grooves. For a constant temperature along the bearing width (axis Z )
equation of conduction takes the form:

85k L8 Binl, 45T

Z“p PE
RTRR B o )

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 film and bush are
assumed equal. ie.

or,
dR

K,,oT

=S S20P - 5

a8

]
S=1

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

or,

R =N“(7;—7;|R=Rz)-

R=R,

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 partial ring).

In the 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 the
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 the recirculating
hot oil, which takes place in the oil grooves, highly influences the 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).
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It has been assumed that the fresh oil fed to the oil groove at pressure IT, and
temperature T, mixes completely with the hot oil of the average temperature Ty
recirculating from the oil groove. This mixing process allows the temperature T;, in
the oil groove to be constant. Temperature T,, can be obtained from the following
balance equation

Ty(2:+0)=0: T+ 0, T, 4
where
QszQp-Qk_i_Qw’
whereas the amount of oil dribbling out through the side edges Q, is given by
Vo
1 on ot oIl I,
Q= 6M 0Z, JHd'/’ G 5l
Ve (1 SL)

The temperature distribution at the inlet has been approximated with a polyno-
mial of the second order using the condition:

1

J‘T(S, W)|w=¢p=J.(aSz+bS+c)dS=TM, (4a)

0
which means that the amount of heat supplied to the bush Q, T, equals the amount
of heat calculated from the assumed parabolic temperature distribution. Coefficients
a, b, ¢ have been calculated with the use of the two other boundary conditions, i.e.

TG Wlyg =T and T, P,y =T,R. ¥y

V=v¥p Vp

2.5. Equation of thermoelastic deformations. 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 with finite spatial
elements of different number of nodes (8 to 21).

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

E[K]1{U}={F}+u*E{F}. ©)

By fixing the arbitrary nodes on the external surface of the bush and following
arbitrary external loads IT, 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 the hydrodynamic loads. If the components
of the dislocation vector {U}: U, » U,, U, are known the equantity describing the
deformation in the cylindrical system of coordinates can be easily determined as

Hﬁ(‘l” Zp)=IJx(Zp)COS|/I+Uy(Zp)Siﬂll/.
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The shape of lubricating gap H (f, Z,) can be described by the following relation

HW, Z)=H,()+H;(¥, Z,). (6)

Let us consider the case of small oscillations of the centre of the journal around
the point of static equilibrium. The assumption of small vibrations allows one the
linearize the relations between the hydrodynamic reaction IT and the displacement.
Thus, one can use 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 properties such as the
stability limits, damping and frequency of self-vibrations.

For further considerations let us assume a simple system consisting of two
bearings and a stiff, symmetrical and single mass rotor of a non-dimensional mass o.
Such 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 the dynamic properties of the system. E.g., the stability limit of the
operation of the system is a function of the following parameters:

) L .
w_:'=f(so» D’ Hy, 11y, E,af,II,, Nu, Pg, Kap’ BT, L, T).

Now, it is clear that the stability limits of the system depend on such a great number
of parameters that any general theoretical analysis of the 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
[10], if one denotes the relative Sommerfeld number by
S00=S0 £=P81(Ar/rw)2 !
wo  ID pyw,
the related damping value of a given system u,/w, can be presented in a form of the
following, respectively simple function

u, w
—=f8as; ~— ).
2 (500, 2)
For a given external load of the bearing P, (rotor mass) the value So, is constant

and independent of w. One can trace the distribution of the damping value of
a system u,/w, and the distribution of the self-vibration frequency for various



J. Kicinski

DIADEF program
Data input (1)

i

lonstont f/lm viscosity ossumption
(Isothermal model, ngid bush)

rotational velocities of the rotor w/w,. 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 w,/w, the so called stability (or damping) reserve.
The possibility of knowing this reserve is particularly useful for optimisation
calculations.

bap shape, pressure oistribution
and lood capacity caleulatian

1

Bearing capacrty resultant
verticai direction check-out

YES 1 NO

anq/e correction

Load capacrity and given
external load Ccheck~ out

YES [ NO

Iy

Z

&

Film | bush temperature and
viscosity distribution
calculation
f
Temperature distrbution check- out i
VES [ NO
EEETEE Al
I, iteration W< 1?
NO I YES
[
RESTART
2 L Data rnput (2)
Bush clastic ond thermal X ]
defprmarions calcuiartion St Fness global mary
s calculation ond decomposifion
Deformation C%nd pressure i
Ol/‘s'lné/:g/m I gt ; :;/f Resulting data transter
] to external files ond
* storage far subsequent iterations
Stotic and dynamic characte -
ristics calcvlation - print out

Fig. 2. Block diagram of calculation procedure for DIADEF program (I, — angle
y calculation loop, I, — ¢ calculation loop, I, — diatermic loop, I; — main iteration loop)
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3. Algorithm of calculations

Equations (1) (6) form an inter-conjugated set of partial differential equations.
The solution of this set can be obtained only by an iterative method choosing the
most efficient 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.

o Y
'R\ FoRas e Elements 13
4 S0 st iros FEM| Nodes 96
L 8 l s Eguaitions 181
N Nooes 250

Fig. 3. Scheme of digitizing 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 values of load and rotor
revolutions, ie. So, and w,/w,.

The solutions X”*! (distributions of the pressure, temperature and deformations)
have been obtained with the use of the relaxation method of the following type

Xv+1+Xv—1+¢(Xv_Xv—1)-
The best convergence of the iterative process has been obtained for the loop

determining the temperature with the relaxation coefficient ¢ equal to 0.02+0.1, and
for the loop determining the deformation with &=0.2-+1.0.
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In the following paper the calculation has been performed using a 6-element
digitalization of a bush. (For the half of a bush both in ¥,—Z, and in Y,— X  Plane
— the principle of division in symmetric and antisymmetric parts was utilized). The
scheme of such digitalization (FEM net) together with 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 cross fixing). The
calculations have been made using discretization with 6, 36 and 72 elements. The
biggest discrepancies in the computed deformation havé been obtained within the
limits of 2 — 10% for a respective node.

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

4. Discussion

The model presented is characterized by some features which can be found in the
works of other authors [1 — 6, 10]. There are similar assumptions concerning the
heat exchange in the oil film, and the deformable parts of the bearing, as well as the
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 the 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 the literature.

Despite its complexity, the presented theoretical model is only an approximation
of a real tribologic system: the journal-lubricating film-bush-external fixing. The
model is based on the 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 cases 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 the bush is doubtful in such a case. The choice of
temperature ¢, can be based only on expenmental measurements (if such ones exist)
or on an estimation.

The condition, commonly used in the literature, of heat transfer on the 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 surroundings cannot be
applied. Besides, the fixing elements can exchange heat with external sources.

The proper determination of such coefficients as a,, (the coefficient of free
convection heat transfer) or k, (the heat transfer coefficient in bush material) is
a significant problem. Their values are strongly dependent on actual conditions of
heat transfer and the chemical composition of the material used. E.g., in the literature
concerning the two-phase flow one can find values ranging between 50 and 10 000
kg/s* K. Some authors use «,, =80 kg/s* K when dealing with the problem of slider
bearings, [5].

The coefficient k, depends substantially on chemical composition of the bush
material and usually can be assumed to be within the following limits: white metal
20--40, bronze 2580, cast iron, steel 20+ 60, brass 100150, copper 350+ 390 [kg
m/s® K]. The situation can be even more complicated when the 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 a,,, k,, t, are often treated as
variable parameters which can take various values.

As far as the thermal 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 the
real structure is necessary for a theoretical description of problems described by the
conduction equation.

The mixing of cold and hot oil poses another difficult question. In the present
model the following assumption has been made the cold oil is completely mixed with
the hot one and as a result the temperature in the oil groove is constant and equal to
ty- 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
source is the lubricating film and the heat is transferred by the simple structural
elements of the bearing, gives only a simplified description of the reality. Thus, some
authors find complex theoretical models useless, as these are often based on general
assumptions which are difficult to check. Instead, simple models based on ex-
perimental data valid within 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 descriptions, cannot diminish enormous 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 the
second part of this paper. The influence of the external fixings of the bush on the
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static and dynamic properties of a simple rotor-bearing system are presented there.
The results give a good illustration of the theoretical description using the proposed
model and the computer program.

Received by the Editor, July 1989 (revised manuscript)
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Wplyw termosprezystych deformacji panwi oraz jej utwierdzei zewngtrznych =s
statyczne i dynamiczne wlasnoSci poprzecznych lozysk slizgowych

Czeéé 1. Termoelastohydrodynamiczny model lozyska
Streszczenie

W pracy przedstawiono termosprezysto-hydrodynamiczny model tozysk §lizgowych. Model
wymiang ciepta miedzy fllmem olejowym, panwig i otoczeniem. Przedstawiono model
rownowagi cieplnej w osiowym rowku olejowym oraz réwnania odksztalcen sprezystych i
panwi. Odksztalcenia panwi liczone sq metodg elementow skoriczonych. Mozliwos¢ ustalenia d



The Influence of Thermoelastic Deformations of Bearing Bush..., I 1577

wezidw na zewnetrznej powierzchni panwi oraz zmiennego obcigzenia umozliwia modelowanie mocowa-
nia panwi w podporach lozyska. Dynamiczne wlasnoéci lozyska sa opisane za pomoca réwnania ruchu
dla matych przemieszczen §rodka czopa. Réwnania opisujace model teoretyczny zostaly dopasowane do
wymagan stawianych obliczeniom numerycznym. Algorytm obliczesi i program komputerowy zostaly
réwniez opisane w pracy.

Bimsinge TepMoynpyrux neopManum BKJIAJRINA H €r0 BHEHMIHHX YTBepHXICHH Ha
CTATHYECKHE H JHHAMHYECKHE CBOHCTBA NOMEPEYHEIX NOJUIHIHHKOB CKOJIbKEHHS

Yacrs I. TepmosnacToraapommunaMedeckas MOXE/Ib DOTMNIHAKA
Pesrome

B paGote mpeacTaBieRa TEpMOYNPYrOTHAPOMMHAMEYECKAS MOZEIb MOIIIATHAKOB CKOJbKESHHS.
Mopzent OXBAaTEIBAET TemIOOOMEH MeXIy MACNSHOH IUISHKOM, BKIANEIIEM H OKPYXHOCTEEO.
Ipencrasnena Momenp — ypaBHEHWE TEIUIOBOTO PABHOBECHS B OCEBOH MACIISHON KaH4dBKe, 4 TaKxke
YPA4BHCHHS YIPYTHX H TepMHieckux nedopmammii sxknamemna. PacedT nedopmammii Briammmua
IPOH3BOJATCSH METONOM GECKOHEYHBIX 3MeMEHTOB. BO3MOXHOCTH YCTAHABIMBAHHS MPOH3BOJILHBIX
Y37I0B HA  BHCINHCH MOBEPXHOCTH BWIANBINA 4 TAKkKe [EPEMEHHON HArpy3kdm obecreqHBaeT
MOJCIMPOBAENE KPEIUICHAS BKJIANBINA B OMOPBX HOMUMNHAKA. JIHHAMHAYECKHE CBOMCTBA MOMIIAIHAKA
OTHCLIBAIOTCA YNPABHCHASMHA IBIKCHHAS I HeGOJBINAX mepeMemieHmii LeHTpa nandel. YpapBHeHHAS
OIMHCHIBAFOIIAE TEOPETHYECKYEO MOJEIIb MPHCHOCOOIEHR! K TPeGOBAHASIM IPEXbABIISIEMBIM HCIEHHBIM
paciétaM. B paboTe OMMCHIBAIOTCS TAaKXKEe AJITOPHTM H oporpamMma Ha OBM.



