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JAN KICŃSKI

Cdań§k

The Influence of Thermoelastic Deformations of Bearing Bush and it§External Fixings on Static and Dynamic Properties of Joirnal B;iń;
Part IL Experimental Yerification and Theoretical Investigationst

Results of experimental verification of t&ermoelastohydrodynamic theoretical model of bearing
Presented in Pań I are given. Results of theoretical investigations performed basing on the model andcomputef program presented are given as well.
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Nomenclature

bo - coefficient of ńe temperature in{tuen-
ce on the dynamic viscosity of oil,cn - specific heat of oil, [m2l(s2K)],D - jounral diameteą [m],E - modulus of elasticity in tension,
fN/m'],

c - acceleration of gravity, g:9.8L m/s2,
h^n, Eo,1o - dimensional and nondimensional mi-

nimum ńickness of the lubricating
gaP, ł-," [m], H^rn=h6J/r,

- dimensional and nondimensional de-
formation of the lubricating gap
in the radial direction, ł, [m],
Ha:hł7r,

- coefficient of heat transfer for oil,
lkc DVG'K)],

k? - coefficient of heat transfer for the material
of tbe busĘ lkg nV6' K)],

L - widtb of the bearing [m],n - rotational speed of the rotor (bearing
journal), [revlmin],

p - hydrodynamic pressure in oil film,
[N/m'],

po - oil feeding pressute in axial oil grooves,
[N/m'],

p- - avera8€ bearing load, p,,:Po/(ID)
[N/m'],

Po - static bearing load, fN],
Q", Q" - dimensional and non{imensional total

rąuirement of the oil q"fm3ls1, g":
: qlQD a /r), Q": Q,l, + gu +..,l,-'

Q* - hot oil carry over flow (non-dimensional),

hl, Ha

K.l

* Praca wykonana w ramach Centraluego Planu Badań Podstawowych nr 02.18 pt.: ,,Wybrane
zagadńeńa poznawcze energeĘki', kierunek 3 "Procesy konwersji energii w przepływach''.
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Qo - nondimensional flow of oil at the

leading edge,

Q, - fresh flow of oil (non{imensional)
fed to axial oil groove,

Q*, Q* - dimensional and nondimensional
side leakage from axial oil gro-

oves, Q.:Q-1+Q{2+",+,
r|' - radius of the inner surface of the

bush,
lr - radial clearance, fm],

Soo - related Sommerfeld numbeą
Soo:§o,7,o,

t 
", 

t M, t o, t p,.t,, T", T*, T.", * óimensional and non-
dimensional temperafu res r€sp€c-

tively ofjournal, of mixing in axial
oil gJooves, of the fed oil of ńe
bush, and of the sunounding

t|K] , T:tp C*(/rlr*)2l(po@) ,

1tJ*., (fo)-n - maximum and minimum tempera-
ture on the internal surface of tbe

bush, [K],

- values of oil film damping in the

rotor-bearing system which cor-
respond to the first and the second

self-vibration frąuency, [rad/s],
- frąuency of self-vibrations in ńe

rotor-bearing §y§tem, [rad/d,
- coefficient of heat transfer by free

convection, [kgl(§3 K)],

- coefficient of thermal expansion of
the material of the bush, [1/K],

- attitude angle, ["],
- relative eccentricity, e:el/r,
- circumferential angle coordinate,

coordinate ofposition ofthe edges

of axial oil grooveĘ t:Ur*
[rad], ['],

- density of oil, [kg/m3],
- non-dimensional pressure due to

external fixings

- angular velocity of the rotor (of
the jounral), [radA],

- timit of stability, [radls],
- refetence paramet€ą too:Jgllr

[radń].

l7,2

T
E

t, { r,r,'.r.

0t,z

dot

dt

p
n,

a)

@ł,
a)o

1. Experimentgl verification of theoretical model

The experimental verification of the theoretical model presented in the first Part
of this work [1] has been performed basing on ńe data obtained at the. Institute of
Fluid Flow Machinery, Polish Academy of Science [2] and ńe data presented by the

French auńors [3]. In both cases the verification consisted of checking of the

accuracy of the calculated and measured temperature distributions of the internal

surface of the bush and of comparing the pressure distributions in the oil film.

The experimental §tand used for experimental investigations in [2] consisted of
a journal supported on two precise ball bearings, a cast iron bush lined with bearing

alloy (white metal) and a servo-motor pres§ing on the bush through a ball-shaPed

element. such a mode of load transfer ensured its vertical direction and a coaxial
positioning of ńe joumal and ńe bush. The bearing wa§ fed from two axial oil
groove.. In order to measure temperature 93 iron-constantan ńermocouples were

ptacea in a white metal layer - 0.5 mm beneath ńe slider surface. The pressure of

the oil film was measured in thę central plane of the bearing with the use of
a piezoelectric sensor mounted in the journal. The bearing undel invesĘation had

an elliptical clearance and the following geometrical data: journal diameter - 0.14 m,

extern;l diameter of ńe bush - 0.21 m; width of the bearing _ 0.113 m, (łD=0_8}

horizontal radial clearance 2.1x 10-a m, veńical ladial clearance _ 1.1 x 10-4 m,

po§itioning of the axial oil groove§ edge /r:7", tz:I73", lł3:187o, tą:353";
lhi.ko.r, of the white metal lining - 3 x 10-3 m_
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The exPerimental investigation wa§ perfonned with the following operational
parameters: temperature of the supplied oil - 303 K, ambient temperature - 2g5 K,
feeding pre§sure - 0.2a 105 N/m2, dynamic viscosity of otl (Z - ż6) at temperature
303 K - 0.0798 NS/m2, at temp. 323 K - 0.030 NS/m2, Pł:34 000 N and iotation
speed n:1900 rev/min.

The following material coefficients were used in the calculations fto,:O.|J§
kgm/s3K, C*:2000 mzlszK, p:900 kg/m., %:9x10-6 1/K, E:Ixtoii N7mr.

9.Ot kp f
Lc

kg/sa ę ks"n/s1 { Ł
36.0 50 321
7t.5 50 323
vt,.0 50 323
71.5 5D 303
7t.5 50 313
71 5 200 ą)a

Fig, 1, The temperature distribution on tbe internal surface of the bush calculated for different values of
do,, kn t" and for the model of the stiff bush compared with ńe experimental data ot Lz1(the numbering of

the curves consistent with the n,,mbering of the cases in rable i)

The coefficients ł6r, ,k, and rc were considered as parameters which may take
different values. The obiained theoretical data can give a good illustration of
influence of these coefficients on the basic static chańcteristics of ńe bearing.

The results of theoretical calculations compared with experimental data obtained
in the Institute of Fluid Flow Machinery are śhowo in Fig. 1 - 3 and in Table 1. Fig.
1 shows ńe temperature distribution on the internal surface of the bush calculateil
!rft_.followingcoefficię1115 a.or:36,71.5,|Iskg/s3K, kn:50,200kgm/s3K,t":303l,
3I3, 3Ż3 K and for the stiff non-deformable bush moiel. It can be seen tńat the

l
"P

w)

3.t/

rr
aą,=ńńą
V";;ą
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higher is ńe intensity of the heat transfer to ńe surroundings (i.e., for higber values

of-the coefficient cor!the lower is the temperature of the outer surface of ńe bush, An

increase of the temperature of the journal 
'c 

cause§ a significant increase of the

maximal temperatures. On the ońer hand, the higber is the heat conductance of the

material of the bush, the lower is the difference between the maximal ąad minimal

temp€ratures. These results confirm expectations. For the experimental investiga-

tions a bush made of cast-iron has been used. Its coefficient is close to 50 kgm/s3K.

Furtheron, one, should mention that for a journal the values of f.:303K and

uor:lli kgń'K are unlikely (due to the lack of special cooling air blower

2 __ '- stifl bush

7 _,_.- eJdsłic bush
łhermoelastic bush

ał=7r.5 kąl,l,k
?p= 50 kg,n/s3 t<

tc-323 k

Fig. 2. The influence of the elastic and thermoelastic deformations of the bush on the temperature

diiribution on the internal surface of the bush (the numbering of the curves consistent with the

aumbering of cases in Table 1)

devices which enhance the effectiveness of the bush cooling). Fig- 2 and Fig.

3 illustrate the elastic deformations (calculations with thermal deformations neglec-

ted) and the thermoelastic deformations (calculations wiń both ńermal and elastic

dńrmations considercd) of the bush. Fig. 3 shows the calculated clearance and the

verification of the pressure distribution in the oit film. The comparison of the basic

static characteristics for all ńe above mentioned cases is presented in Table 1,

A model of the bush in the form of a thick-walled ring fixed on the external surface

on bottom sector of 10" has been assumed for calculation. It was also assumed that

the relation betweęn oil dynamic viscosity (Z-ż6) and temperature is given by an

łP

Lr]

d - experlmenf acc.fu r27

|- theorq



The Influence of Thermoelastic Deformations of Bearing Bush..., II 183

empirical dependance

p:!#-0.o6366 NS/m2 for rś313 K,

P:H-0.02565 NS/mz for f>313 K.

The analYsis of the above mentioned figures and Table 1 yields the following
conclusions:

1, In all calculated cases, despite of the assumed value of aou K, and t,coefficients and ńe assumed model of the bush, the ńeoretical diffeńces'between
the maximum temperature (tr)-o (on internal surface of bush) and the minimum
temperature (t )r;o are greater than the corresponding experimental values.
_. 2:_A ParticularlY great difference between the theor*ical and experimental
distribution is observed around the left axial oil gloove 1tn. oo. wiń edies vr, ir)and_close to the place of minimum lubricatinifilm thicknes§ (/:300i+ 3'Ń;."'

3, TemPerature and pressure distributions are rather slightly affected uy in"elastic and thermal deformations of ńe bush at the 
-same 

bearing load(o,u:215 x 105 N/mz). This refers also to the static characteristics.

P

X

l0ć

6!

20

a_

-10

0_

4D

2D

",,o - experiment oct.ło [2]
l - fheoru)]

l

,@F--*
>ń"\ itr=s1 

t

2 -- __ _ słi{f buch l tc =32 j
7 -.- - e/asllć bu;h

thermoelaslic o'"' 

,l lr,

aj]
a",lłł 

|Łl

,.p\i
l, \il \,f \,.---"-[

P"l=ałaaoł |\

^'rr,-/-r] \

l

,"1l
óó

-,ź'-',-.-^\ 7 \ '\
l8l 270

--.S<-, li Y

Fig, 3, The Pre§sure distribution in the oil film and the distribution of lubricating gap deformationscalculated for the stiff, the elastic and the thermoelastic bush mooels coipared with the measured
Pres§ure distribution of ref [2] (the numbering of the curves consistent with the numbering of the cases in

Table 1)

1P

, 10-6

Lm)
h.
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4. The influencB of the coefficients cg, kn on the basic static characteristics of the

bearing such as friction power of oil eipense, 1foę minimum thickness of the

lubricating clearance is small despite the fact that the values of these coefficients

hrghly infltnce the temperature distributions on the internal surface of the bush-

HÓ*Óu.., 1foę inffuence of the journal temperature f. proved to be significant,

Table 1

Calculated basic static characleristics of the experimental bearing (bearing 8pometry acc. to [2])

Po:!4000N ( por:Z,Sxl|uN/r'), n=lg00 revfmn, D= 0,/4 m, t/n-O,B, Ar - 2/Ox /06 m

No

lf case

Bush
nodd n

Uoł kp 'c ć r 9c 9* 9ą h 1l
'Pl mnl 'łr) rin (tp) ,ai .r]

'pl mrn

ką
s3K

,Łg m
ślT K o h'/s

x !0,3
n"/s
x,|0-j k},v

m
r 10'6 K K theortł

k K

t 5ćiff 36,0 50 323 0.49 334 D, .l02 J.0017 3.0 37.9 335.0s 315.1.| 19.98

8.9

2 _ ll- 7l,5 50 323 a.49 334 0.101 0.0017 j.0 37.9 j34.71 3l4.35 zu.Jb

3 7,15,0 50 323 0.49 334.6 0.095 0,0017 2.99 38.5 3u.65 u7.97 22.68

4 - ll- 50 303 0.14 3ł6.7 0.łr5 a0012 6.8 59.1 325.14 3l2.6l ,l2.53

5 -ll ?1.5 50 3t3 0.475 Bq.9 0.1o8 ?.o014 4.02 46.5 329.05 30d87 16.|8

B 71.5 200 323 0.48 333.3 0,1o2 0.0017 2,96 30.0 331,36 317,Bl |3.55

7 elasćic 7/.5 50 323 0.52 33o.8 0, /05 0.0Dl7 j.07 38.9 3a,a 313.96 20.a2

B tngma-
elastie 7t.5 50 j23 0.525 334,6 0-/l5 0.0u8 2,93 50,z 3u78 912.g? 21.81

The discrepancy of the theoretical results and the experimental data, which is

very high for the oil grooves Fig. 1, can be explained either by the use having been

maie oTńe simple módet for the description of the heat transfer in the grooves, or bY

the impossibility of a preci§e determination of the journal centre position, This

position has beón measured using an inductance sensor placed at the edges of the

bush. The axis of the bush could have been slightly misaligned with respect to the

axis of the journal, and thus the measurement could have been distorted_ The

differences in the distribution of the pressure, pre§ented in Fig, 3, indicate

a possibility of such elTors.
Let us now consider ńe experimental investigations pedolmed by the French

investigators [3]. They used a bearing wiń a cylindrical clearance, one axial oil

gfoovą a ring bush made of bronze and of the following characteristic parameters:

j"ournj diamJter _ 0.1 m, external diameter of the bush - 0.2 m, width of the bearing
"_ 

o.ot m (IJD=0.8); radial clearance lr:llżx 10-6m, po§itioning of the axial oil

groove edge ry', :99o,tz:44!",ńe temperature of the oil supplied _ 313 K, ambient

iemperatrrre _irl r, i"Óai"g pre§sure 0J x 105 N/m', dynamic viscosity of oil at ńe
temperature of 313 K - 0.0ż77 Ns/m2.

in reference [3] ńere are presented results of experimental verification of one of

the cases examin;a, ie. Po:oooo N and rr:4000 rev/min. For the calculations the

following values of matórial coefficients were taken: p:860 kElm', C*,:żmD
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mlfsŻ K, kol:0.13 kg m/s3 K, E:1.1x 1011 \/-', %:żax 10-6 1Ą, aor:80
kg/s3 K, koJzs kg m/s3 K and kp:ż5} kg m/s3 K (according to [3]), whereas the

tńperatuie of the journal was taken to be f":316,8 K (i,e,, the temperature on the

journal edges takeń by the by the authors of [3] t,:3I6 K plus some estimated,

"u"r"g" 
increase - 0.8 K). The viscosity-temperature characteristics of oil used in

the investigations is as follows [3]

Ł : 3.ż87 - 3.064 #+ 0.777 ffi
The pressure in lubricating film was measured with the aid of a precise

.ooo*.i", and holes in the lubricating clearance, whereas the temperatures were

measured with Iron_constantan termocouples built_in - Q.§ mm beneath ńe slider

surface. The calculations were performed for two values of coefficientko,for the stiff

bush model and for the deformable bush model including elastic and thermal

+
tKJ

stiff bush
iiiii Er"i niłh ,. heat barnbr'
łlex ibte thermoblaslic bush

--ź

Fig. 4, Tbe temperature distribution on the internal surface of the bush calculated for ńe stiĘ the

thermoelastic and the stiff witb 'heat barrier" bush models compared with the experimental data acc. to

t3] (the numbering of the curves consistent with the numbering of the cases in Table 2)

deformations. The results of theoretical calculations compared with exPerimental

data arc shown in Figs 4, 5 and Table 2. One should mention that this time the

calculated temperature difference is smaller than the corresponding difference

measured experimentally; this is just the opposite situation to that described before-

In Fig. 4,5 ind in Tabte 2 one can also find calculated results for a bearing with a so

called "heat barrier". The term "heat barrier" means that the calculations were

performed for a model of bush in form of a ring with a piece of width cut-out which

simulates the existence of an axial oil groove. Thus one can eliminate the heat

,// A.'- -, - _-_
..--7{.\

/ł aĘ=§,,0ą1/l V;,,,,*a,/

\ ł^-25 Lo.mls3. K
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P
l]{1
[n2Jł

słiłf busb
łlextae bush
słiłf bush nth u heał Darrler

Fig, 5, The pres§ue diskibution in the oil film and the distribution of the lubrication clearancedeforrration calculated for the stĘ thermoelastic and the stiff with ,,heat barrier. bush model and for thetwo values of ło comPared with the measured pres§ure distribution given in t3] (the numbering of the
curves consistent with the numbering of the cases in Table 2)

transfer through ńis part and simulate the real barrier for heat transfer due to the
cooling influence of oil feeding channels, grooves and dividing planes. The condition
for a Periodical solution in the conduction equation cannot afrply here. Such a modelof a stiff bush does not include the changes in other op"r"iiog conditions of ńe
bearing, The figures and the tables clearly inducate ńat ńe best compatibility with
the exPeriment Was achieved in case of a bearing with a"heat barrier,,, The verifi-
cation mentioned above has proved that the theńoelastic deformations of the bush
(P,ou:1,5 X 105 N/m2) and of the coefficient krbavelitfle influence on the basic static
characteńtics. A much better fit has been obtńed for the pres§ure distribution in the oil
fi|m This can be exPlained by the fact that in case of a bearing wiń a cylindrical clearance
it is much easier to determine precisely the parameters of the lubiicating clearance.

With ńe case of a "heat barrier" excluded, one can notice quite- signincant
difference in the neighbourhood of the oil groove (Fig. a). This stresses the need fora more adequate description of the phenomena oóurring in the oil grooves.

Calculations for ońer cases of load and rotary velocitiesif experimenń uearings
g_._r,*b"d n lż, 3] have been also performed. The temperature curves and the
differences were similar to those obtained in cases describei above and that is why,in order to make this work more concise, they are not presented here in details.

enł occ, ło [s]
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Table 2

Calculated basic static characteristic of the experimental bearing (bearing geometry acc. to [3])

ptt-8000 u (Por:r.sxtosM/n'), n=4000a/nth, D:0./m , l/D:OB, lr=,|52X40'6m

N9- Busń
mo&t ll7

dol kP Lc € r 9c 9, 9n h *i, ft)^^, tlri, (ł)ro;(t) r;,
Kg

s3K
<9m

"rT k o m5/s
ąfr'3

m"/5
ą/0-3 k14

m
r 10'6 K K

łhearq
K K

1 słtf| 80 25 316.8 0.545 u7.4 o. l37 0.a03! 2.D9 89.3 330.2 319.2 11.0

16.2

2 80 250 3.16.8 0.54 327.,1 o /4o J.0033 2.08 70.0 327.6 32.1.7 5,9]

3
tnermo-
eIasłic 80 25 346.8 a 575 335.4 0.154 aaBt 2.02 68.9 329,7 3.18,6 ł.l. .|

4 80 250 3l6.a 0.56 j36.4 o.1p 0.003ó 2.ol 70.D 327.0 32,1.1 5.9

5
it!łł lll{h
bdrrier" 80 25 316.8 o.54 328.3 0.12B ).aO2g 2.08 70.ł 329.j 343.4 159

8 B0 250 3.16,8 0.535 u7.7 o,128 0.002l 2.07 70.B 326.5 314.6 11-9

The calculation§, which have been compared with the experiment, have been
rerformed basing on a too small number of analy§ed cases. Furtheron, one could feel
fie lack of a number of fundamental experimental data connected wiń the static
;haracteristic§. Thus, ńe complete verification of the theoretical model wa§ not
)ossible. The character of the discrepancies between the theoretical and experimental
lata has been different for the two cases analysed in the paper.This emphasises the
]omplex nature of the phenomena occurring in slider bearing and the difficulties in
[heir mathematical description.

However, basing on the performed investigations one could conclude, that the
łssumption of a relatively simple heat transfel conditions (e.g. a model of the bush in
iorm of a ring without oil grooves, feeding channels and dividing planes) can lead to
relatively big differences in the temperature distributions on the internal surface of
ńe bush. This can be confirmed by the "heat barriet" calculations, or by the
relatively high temperature di_fferences around the axial oil grooves. The heat transfer
plocess in the axial oil grooves and particularly the mixing of ńe hot and cold oil
rertainly need a more detailed investigation.

On the other hand, ńe performed calculations proved that even relatively big
óifferences in the temperature distributions on the internal surfacł of tbe bush do not
cause significant change§ in the basic static characteristics of the bearing oil flow,
friction power, minimum thickness of the oil film. Much more evident is the inffuence

of the journal temperature r.. This fact is rather inconvenient since a precise

determination of the temperature of the journal is still very dfficult.

2. Tbeoretical investigations

As it follows from the considerations pre§€nted in part I [1] the basic static and

dynamic characteristics of the bearing depend on a lalge number of non-dimensional
parameter§. Thus, a general theoretical analysis, performgd only on the basis of the

187
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fundamental similiarity numbrs (e.g., criteria numhrs such a§ Sommerfeld, Nusselt,
Peclet or E, u|, TI,II, etc.) is an arduous task. For further consideration let
us take a given theoretical bearing which can be a representative for the whole
series of type of bearings of diametet D:0.I25 m+0.450 m used in large
machines and Power devices- The features of the chosen theoretical bearinls
are as follows:

- journal diameter D:0.125 m and D:0.450 m,
- rotation speed n:3000 rev/min,
- average load poo:PJQD):40x 105 N/mr,
- relative clearance /rfrn:1.55x 10-3 (cylindrical clearance),
- ratio of the width and diameter of the bearing I!D:0.8,
- two axial oil grooves (circtlmferential span - 60o, width - 0,75),
- feeding presure po:l x 105 N/mz,
- different variants of bush fixing in bearings suppońs"
For calculations it has been also assumed: tn:313 K, tr:ż93 K, lo:0.05

Ns/m2, bo:0.045 UK, p:go}kglmr, C*:2000-mzlg2 K,' k,r:0.135 tgń7.. r,
k,o:?0 kgm/s3 K, d'r:80 kg/s3 K, E:2.1 x 1011 N/mr, o,:li.s x 10-6 1ń 

""athe function for oil viscosity us. temperature pf po:exp(-bo(r-ro)). The journal
temPerature t. has been taken as the mean of ńe temperature distribution on the
internal surface of ńe bush and in the axial oil grooves.

Thus, a bearing with a cylindrical clearance and a steel bush fixed in different
waYs has been chosen for the investigation. The dynamical properties of the bearing
have been calculated basing on the assumptions presented in Part I of the pr.."ot
PaPer. This means that the linear relations connecting the forces with the disp_
lacements and ńe simple model of the rotor have been used. Thus one can gauge the
dYnamical properties of a bearing by means of its stable operation hmft o;lń, the
damPing factor for the system ufao, and the self-frequenciós ,9/alo. Typical"values of
the material coeffficients for a steel bush and motor oil were used in thó calculations.

The value of §oo:Q.6 has been taken for bearing of D:0.125 m diameter and
§oo:1.12 for the bearing of D:0.450 m diameter.

It maY be interesting, particularly ftom the technological point of view to find an
answer to ńe following question: what is the influence of the bush fixing on ńe static
and dYnamic ProPerties of a rotor-bearing system, when one assume§ the above
defined geometrical and operational features of the sliding bearings? Furtheron, one
maY ask what haPPen for a given bearing load on stability reserve of the system. or
in other words, what is the boundary rotational velocity of the rotor and how could
the damPing of the system change in accordance with a change of ńe rotational
velocity or the mode of the bush fixing.

The assumPtion of a simple model of the rotor (stĘ single-mass, symmetrical
rotor) allows one to confine the considerations to the propertiós of the oil film only_
Answers to ńe above stated question are the subject of the theoretical investigations
which will be presented in the next sections.
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2.1. Infloeocc of tie bwh fixĘ mode

The bush of a bearing is considered as a symmetrical thick-walled ring without
dividing planes, bearings and oil gfoannels. The model of ńe bush in ńe assumed

§ystem of coordinates Xp, Yp,Zp together with finite element digitization is

presented in Fig. 3 of the fust part of this paper [1].

Table 3

lnfluence of bush fixing mode. Basic static and dynamic charac-
teristics

n=3000rev/tnin (u= alą.16 rd/s) po- lx 105 Nf mz

1_ -Soo- 0.6 D=0.125m
por-* 40 x l05 N/ n2

2 - 3o"-- .12 0=0.450m
rhermoelashb bush mode/ elqsrlc
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a b d e
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ą)^
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, |5. |6 43.62
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2 1. 03
U ą,z 0.247 a05l 0.047ł 4.65 0.ztl
(^' 2 0.048 1.50j 0.000r 1.096

! l,z
ó

0.997 0-905 ).76I 1.99 ag4r
2 0.645 0.9l5 0.53v ,1.1u

A more diffcult problem has emerged when the influence of external fixings of
the bush was to be modelled. The simplest solution of the problem is to assume that

the bush externaj surface is non-deformable ie., an infinitely stiff fixing encloses bush

over the whole perimeter. The opposite situation occurs when one assumes that the

bush is fixed only by a small se8ment in the bottom part and the rest of the bush

189



T 
--'r---<u' rTą

l_ lź\l
\ l ^P

0 0! 08 ,.zr+H6 
./0r2,3_,/| | 1----++.. ll ./

/l

Fig, 6. The distribution of the deformations of tbe bush and the distribution of the pressure of the oil film
depending on bush fixing mode (tbe numbering of the cases according to Table 3)

l
I-T
l

l
I

I

T-,
t

\

, |rt -2
T-----

7.77żW

l
l
L
l

t

'Ą"
Wł,OĄ



The Influence of Thermoda§tic DeJormations of Bearing Bush..., il 191

external surface can deform freely. One may assume that the influence of fixing
elements equals to ńe reaction to some external pressures Ą. However, the external
surface of ńe bush can translate within fixing range. Finally, one can assume that
some of ńe fixing elements are stiff (for example, the bottom ones forming thus
a natural reference base) whereas the other ones are flexible.

All the assumptions mentioned above give only an approximate description of
the conditions in a real bush fixing. Since the fixing elements can also deform in
a way which is very difficult to determine, theoretical modelling of a bush fixing is
particularly difficult. Thus, ńe determination of the value of Ir, depends on the
initial clamp of the bush and in ńis way on ńe conditions of assembling.

Due to of ńe lack of more precise data four simple theoretical models have been
selected the further consideration:

- Bush fixed stiffiy over the whole external surface (version "a").

- Bush fixed stiffiy only over the bottom segment of the external surface 30" span
and 0.3 width (version "b").

- Bush fixed stifry over the bottom segment and exposed, in its upper part to an
external pressure II,(to model the influence of a flexible fixing after the initial clamp).
The value Ę (nondimensional) is assumed to be 1.0. For the calculated casses this is
around tl3 of the maximum value of the hydrodynamic pre§sures I1-*. It has been
assumed that the pressure rI, acts on ńe upper segment of the external surface of the
bush of ńe span of 30' and the width of 0.3 (version "c").

- Bush fixed stifly over two bottom segments of 15" span and 0.3 width, each
symmetrically divided from the vertical line at angJe 52.5' instead of lying on ńe
veńical axis of the bearing. In its upper parĘ as in the version "c", the bush is under
pressures flr:l (version "d").

The results are presented in Table 3 and iri Fig. 6.It is clearly visible that ńe basic
static and dynamic characteristics vary within a wide range depending on the fixing
variant. Pańicularly interesting is version "d". The deformations of the bush are so big
that ńe hydrodynamic pressure zone is broken into two parts (Fig. 6d). Thus, the
bearing becomes effectively the one with two convergent zones and of definitely
different characteristics. In view of the static properties ńis version is ńe worst one.

The very small value of fl-,o together with a great friction power G', leads to
a dangerous situation in which the bearing may seize.It is particularly evident in case
of great bearing diameters. The value H-io h so small and the temperatures are so high
that ńere are problems with a numerical computation of this variant of fixing with
diameter D:0.450 m. That is the reason why Table 3 does include results for this case.

On the other hand, as far as the dynamic properties are concerned the version
-d" is definitely the best one. The damping of the system is one order of magnitude
greater ńan in the ońer variants and the free-vibration frequency.9r/al is also high.
Table 3 includes also the results of a calculation for the version "d" but without
thermal deformations of the bush (elastic model). Comparing the results one may
conclude that in ńe cases under consideration the most important are the thermal
deformations of the bush. The same conclusion can be drawn after the analysis of the
thermoelastic deformations of ńe bush in Fig. 6ad.
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2"2 Influence of rotational velocity of rntor

Fet us examine how the dynąmical properties of the rotor-bearing sy§tem with
a corr§tant load, pn -Ągx 105 N/m2, depend on ńe rotational velocity of the rotor.
The investigations have been carried out for different ńeoretical models of the
lubricating fiIm (isothermal or diathermal model) and the external fixings of the
bush. The damping and free vibration frequency curves obtained in ńis way
determine the dynamic condition of the system and illustratę ft6 influence of chosen
geometrical propeńies of the bearing. Calculations have been performed for diameter
D:O.L25 m, §oo:§.§, two axial oil grooves and two versions of the external fixings
of the bush (version "b" and "d" acc. to diagrams in Table 3). The results of ńe
calculation are presented in Fig. 7. It is worth mentioning ńat the character of
damping curve for version "d" of bush fixing is quantitatively different Stability

version nd'

@,
1- isołhe7mat model]

l sćtft bush
2 - dblhermic modet 

]

3- thermoe/as/ic mode/ version ,, b "

4- thermoe/asfic mode/ Versbo,,d''

5oo= 0.6 | roro+o, n'Ł

u"=lĘ = 36..2 rdf s

cJ_
-o

Fig, 7, The curves for *. *fffl,fTlTfril.* 
T"ffi?r:ifT;:i3:"* 

calculated for different

limits, within the range of rotational velocity under consideration, do not exist anĄ
what is more important, system damping urlao is very high (large reserve of
§tability). A bush fixing of ńe version "b" make§ the dynamic properties of the
system worse when one compares them wiń those for the stiff bush.

For a given operational angular velocity of the rotor (for example: a,:3I4.16
tdfs"+o,fao:0.987) one can easily determine from Fig. 7 the "distance" ftom ńc
boundary angular velocity anlao- For a bush fixing of ńe version "b" anlao=I.3\
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i.e. this boundary lies dangerou§ly clo§e to the operational velocity al,. However,
for a bush fixing of the version *d" stability limits lie far behind ńe range
of the rotor velocity under con§ideration. These limits exist only from the
theoretical point of view since in reality the bearing may seize much earlier
due to ńe high temperature and mall value of .Er-to. It is worth mentioning
here, that values of a*lrll presented in Tables 3, do not equal the ultimate
rotor speed for a given bearing load and are meant as the stability limits
for an unchanged shape of the lubricating gap. The values of anla presented
in tables should be under-stood as the stability boundary for such an increase
of the load of ńe bearing (for ńe increase of rotor velocity) ńat the values
of e and of y remain unchanged. It is a case rarely taking place a technical
application despite of its significance from the point of view of the oil film
properties. A direct examination of the distance from the stability limits is
possible only with ńe aid of damping curves such as the ones in Fig. 7.

3. Conclusions

The results presented in this paper, obtained for an examplary series of types of
bearings, indicate that bush ńermoelastic deformations and its fixing mode have
great influence on the basic static and dynamic characteristics of a bearing.
Particularly interesting is ńe influence of the external fixings of ńe bush on the
dynamic properties of the bearing, especially in view of the small amount of data in
the literature referring to this problem. The mode of the bush fixing can, in some
cases, definitely change the dynamic properties of ńe whole rotor-bearing system.
The calculations performed indicate that ńe thermal deformations of the bush are
the most important factor in ńe development of the deformations and the
characteristics of the bearing.

The obtained results do not allow for more general conclusions about the
optimum fixing mode of slider bearings. This has not been the aim of the present
papel. The presented computational examples show the necessity of performing, for
each particular case, a detailed analysis of ńe conditions for the assembling and the
operation of a bearing

The mąin purpose of the present work was to point out the possibilities
and limits of a theoretical description of the phenomena which take place
in a complex tribologic system like the rotorJubricating film-bush-external fixings.
The theoretical model presented in this paper, its experimental verification,
computer program and discussion of ńe obtained results have been aimed
at proving that despite the evident discrepancies between theoretical model,
its mathematical description and reality the obtained data may be a source
of valuable information for both investigators of the properties of ńe oil film
and designers of bearings.

Reeived by thc Editor, July 1989 (rcvircd manumipt)
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wpływ termosprężystych deformacji panwi oraz iei utwierdzeń zewnętrznych
ns §tatyczne i dynamiczne wła§ności poprz,ecznych łoży§k śIizgowych

Część tr. Weryfikacja eksperymentalna i badrnia t€oretyczn€

streszczenie

W pracy przedstawiono wyniki wery{ikacji eksperymentalnej modelu teoretycznego łożyska przed-
stawionego w częŚci I. Weryfikacja ta polega na porównaniu rozkładów temperatury na powierzchni
Panwi i ciŚnieniu w filmie, obliczonych i pomierzonych na stanowisku doświadczalnym. Przedstawiono
takze wyniki badań teoretycznych przeprowadzonych na podstawie opracowanego modelu i programu
komPuterowego- Ptzeanalizowano wpływ deformacji spęzystych i termicznych panwi oraz sposobu jej
utwierdzenia na podstawie charakterystyki statycznej i dynamicznej prostego układu wirnik _ łoiska.
Badania przeprowadzono na przykładzie typoszeregu łoĘsk turbinowych o średnicy @ 125_450 mm.

Błnsnne TepMoy[pyrilx AeÓopMaunfi BKnaAbilIa u ero BHeIilItrx yTBepxAeHHfi
Ha cTaT[qecKIIe Ir AIlHaMnqecKIłe cBoficTBa [Iouep€qHEn( noĘufiuHfiKoB cKoJILxeHIIff

9agrt I[. 3rcneprrrelrramnss BpoBepxr f, Teop€Tf,t€crf,e f,ccleAoBanfit

Peeroue

B Pa6ore qP€AcTaBneEE[ p$ynbTaTEI 3KcnepaMenTaJlbuofi nporepxr reopernvecxoń MoAe,'1E
tro,Ęuullatrxa EP€AcTaBJIeBEoro B IłacTtr I. 3ra rrporepKa fionarałalp Ea cpaBaenfln pacnpegeneaafi

u nsuepĆamrx Ea 3xcnepEMeETaJIBEoM cTeIlAe. flpe.ącraurepr.r Tarxe pe3ynbTaTLl TeolreTtrqecKEx
ncc.negoaawfi nporeAĆanrur Ea ocEoB€ pa:pa6oramrrx MoAeJTE ! BLIqtrcJMTeJIbnoń nporpałrłrn.
ITpoaEanBEpoBaEo BJItr EEe ynpyrrx f, TepMrsecKtrx 4ełlopuaqnjł BxJ.Ia&rrua n cnoco6a ero
}'TBepxAeEtrf, Ea ocEoBe ctarnqecrofi f, AEEaMEq@roń xaparręEcTer npocToń cncrer,rrr porop
- rroĘI]EIIEnKn łlcore4orannx Ępotr3BeĄerFr Anfi nptrMepa TB[oprAa ryp6nmror
.ryaMeTpoM 125 - 450 rrr,r.


