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.ł. vibration amplitude of the disk centre
(half ol' the longesl, distance of two
points of the trajectory) [m],

:_. i - stiffness coefficients of the oil fiIm
[N,*-']d,; - damping coefficients of the oil film
[N.s.m-1],

.: - frequency [Hz],

.i," - synchronous frequency comesponding

to the rotational speed of the rotor
n |Hz]; J. = n/6o,

';i'| - oil vibration [requencies of the system
-;2)

corresponding to critical velocities
ni, md ni, |HzJ,

ł' - number of rotation markers (number

of points along the trajectory

corresponding to the position
of the urrba}ance vector for
r : a"36Oo,72Oo),

mi- - disk mass of the two-support
rotor ftg],

fo - rotationa] speed of the rotor [rpm],
Ąl speed of the oil "whip" [rpm],ft*rn- - fomal stability threshold of the

No. 10]

force due to rnbaJance of the
rotating disk [N],
mba}ance radius [rn],
absolute radial clearance of the
beałing [m],
dimensional [m] and non-dimen-
sional system of coordinates
r:rf L,R,Y =glLR,
stiffnesses of the external fixing

of bearing slrells in general;
stiffnesses: horizontal md
vertically, respect i vely [N --'],
phase an6les of ihe disk centres in
general; phase mgles for the
position of the unbalance vector,

for r = Oo ,3600 ,72Oo , respectively

[in degrees] (definition of angles
is given in Fig. 1c),
mgle determining the position
of the unbalance vector
[indegrees];7=ut,
trajectory period fin degrees],
period of registering the results
("sampling" period) fin degrees],

JAN KICIŃSKI1

Nonlinear model of vibration in rotor-bearings system.
Part II. Calculation results

The resu]ts of simulation research related to the description of the most striking and not yet fully
erplained phenomena occurring in the oi] film of slide bearings, namely, the oil whiils and whips have
i:,een presented. The calculations were made.on the example of a laboratory rotor, based upon two
sgpports with flexible external fixing of the bearing shells, arrd a 200 MW steam trrrbine rotor as well.
The respective initial phases of the oil vibrations development have been determined in details md an
artempt has been made to classify the orbits and to find out a practical diagnostic discrirninant.
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1. Preliminary remarks

In pa,lt I tlrere has been presented a complex nonlinear theoretical model of
rotor-bearing-srrpports system_ witlr the appliecl computer proglanl 1{LDW-01.
Tlrere 1rave also lleen given sorne examples of expelimental verification of the mo-
r]el in the area of tJ,Le hydl6dylłamic instability occul,rence (smali oil vibratiorrs).
Tlre experlllental tests lł,ere perforned at a special large-sized test rig. There has
been obtained a clualitatively complete set of the theoretica] arrd experimental
results, and talring aiso into consideratiorr tlre unavoidable techrrological errots,
irr particular, regarding to the shape of the bearing lubrication gap, a satisfactory
quantitative consistence as lve1l.

On account of opera,tional safety of the test rig arrd its teclrnical capabilities
the veriflcation of tłre modei was impossible withirł the area of the acquiring large
oil vibrations, tlrat is, in tlre range of the so-called oil "wlrip". However, it can be
zlssumed that a modei providing verifled data relevant to stabie operation of the
s.v-stem irnd smal1 oil vibrations will also be a reliable instrument for the an,alysis
of other factors.

Let us lollow tlre way of systematic simulation inr..estigation of the tlevelop-
tnent stages of the specif,c oil vibrations gen,erated entirely b.v the lrydrodynamic
slide bearings. Thereby it rvill be possible to explain the hydroclynamic instabiiity
rrrechanism beilg originated in the rotor-bearing-supports system. 'lhe simulatiorr
investigation wil1 be carriecl out botlr on tlre example of a simple, two-support
rotor being the rrrodel of rotor used for experimental investigation, and on the
example of a large fluid-flow machine (200 MW turbine).

Z. Simulation investigation on the example of two-support rotor

Let us concentrate oul attention on tlre development of oil wlrirls and whip orr
tlre example of a two-support rotor slrorvn in Fig. 1a. Let its theoretical pro.jection
be the tlrirteen-nrass system given itr Fig. 1b (10 finite beam elements,2 point
elements modellirrg the 1ubrication lilm, and 2 point elements modelling tlre effect
of the external fixirrg of the bearing shells).

S},Ste]n llpnr].
nil,ri.' critical r,elocities of the sl,stem

|.p-],

a- - period of the force exciting
vibration of the systenr [in degrees],

a - angular velocity of the rotor [rad s-1].

be flxed withirr flexible
vel,tical sliffness \zz -

of fixing, as rvell as its

two 1ubrication grooves
plane, with cylindrical

Let the shelis of tlre siide bearings of nrass 15 1rg eaclr
elements of horizorrtal stiffness )lr = 0.2 x 108 l{/m and
1.2 x 108 l{/m (the cross-coupled stiffness A12 and ,\21

damping A;,a wi11 be neglected).
Let us use for the investigatiorL a sLide bearing witlr

of angular span 20o each orr the bearing slrell parting
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72 J. Kiciński

clearance of absolute value AB : 90 x 10-6 m (relative clearance 
^RlR 

=
7.8Yp),journal diameter D : 0.1m and breadth of a bearing shell -t : 0.05 m
L l D :0.5, lubricated with machine oi Z-26 supplied at temperatlre To: 30"C
(characteristic of oil: viscosity at temperature 30'C: p 0.0B Pas, at temperaturt
50'C:p:0.03Pas.)

Let us also assume that the system is subject to an external force, a forct
resulting entirely from unbalance of the rotating plate, and let the unbalance
radius be f : 50 . 10-6m, (f l^R: 0.55).

In the considerations the material darnping effect of the shaft will be neglected.
which means, that the damping appearing in the system will originate entirely
from the slide tlearing oil film (the material damping of the shaft, as well as the
material damping of the external fixing is an order of magnitude smaller than tht
oii film damping).

Let us use a coordinate system and denotations as in Fig. 1c, and the definition
of the non-dimensional time r : at- This impiies that the exciting force period
(in degrees) resulting from unbalance of the rotating disk is always 0* : 360"
According to the assumed system of coorfinates, the value r : 0' : 360o : 720'
corresponds to the horizontal direction ofthe unbalance vector action 8n: Tnłui
(on the right on axis r). Let us assume the registration period of the calculation
results related to the trajectory of some chosen polnts of the system equal tc
a double period of the exciting force, nameLy, 0p, - 20-, while in the case o
the vibrations spectral analysis it is assumed that 0p, : II00* (otherwise 0o,

indicates the "sampling" time).
Let us also adopt the definition of the phase angles according to Fig. 1c, whert

OŁ,Oi:o,ófo denote angles describing the position of the disk centre O- fol
horizontal firection of the unbalance vector action determined by angles r§,360'
atd 72ao -

From the simulation calculations based on the NLDW-01 program given ir
Part I of the papeT it follows that the adopted system has two critical velocities
,it ż 2120 rprn ar.d nf,, ry 2540 rpm, arrd a stability threshold rugr = 3650 rpr
(Fig.5).

Let us now anaĘze the behaviour of the system after exceeding the stabilit5
threshold (n ż ng,), i.e. in the region of the oii whirls. Figs.2 and 3 illustratł
the trajectories of some selected nodes of the system, where node 2 inficates thr
absolute vibrations of the bearing shell centre Oo node 2-3 shows the relativr
vibrations of the journal O" and the bearing bush Oo (oil film vibrations), nodl
B represents the absolute vibrations of the disk centre O- (Fig. 1b).

Fig. 2a registers the moment of the generation of the oil whirl and its furthe-
development (Figs. 2b,c).

It is characteristic that the oil whirl starts with a slow "split" of the trajector1
of period 0* : 0- into two slightly fifferent trajectories. One of them decreasel
significantly as the rotational speed n rises forming a characteristic "half-loop"
Now the period of the entire trajectory approximately amounts to 0* : 20-. Thl
oil whiris develop in the direction from the big "half-loop" to the smaller one, tha
is, contrary to what is sometimes accepted. The development of the whirls take
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:lace under conditions of a sudden change of the va]ue of the phase angles O.,
Fig.2b and 2c). The occurrence of the oil r.vhirls (Figs. 2a,b,c and Figs.3d,e,f)
ioes not necessalily mean some danger for the opelation of the whole system.
[heir amplitude rises in the initial peliod in an insigniflcant way. FoI this reason
ire vibration can undoubtedly be qualified for tlre so-called sma1l oil vibrations.
[lre above also implies that a plecise determirration of theil occuTlence (and the-
'efore also the stability threshold of tlre system) is difficu]t. The pherromenon of
he gradual "split" of tlre trajectory can occul within a considerable interval of
he rotationai speed of the lotoT.

When the rotational speed is continuing to rise, the "half 1oop" disappeals and
he trajectory ta]res the shape of a "little shoe" pulsating rather rapidly (Figs.
id,e,f,g,h,i). The vibration amplitude also rises significantly, At rł cl 3925'rprn,
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ro be defined as the "whip" velocity z6, there is initiated the process of a clear
trivergence of points determining the position of the disk centre O- (or any other
node) for T :0o and r :720o (Fig. 2e), This indicates alreacly the ambiguity of
tlre very trajectory (which in the numerical calculations can be explained as insta-
bility of the solution). The plocess can easily be observed when the registration
period do, is much bigger than 720o. Fig. 4 illustrates a trajectory corresponding
to 110 successive revolutions ofthe totor {0p,:39600").It is evident that before
reaching the "oil whip" velocity n6 (Fig, 4a), the whirl trajectory is clear and
completely univocal, rvhile in the case af n ż n6 it is getting more arrd more
clraotic (Fig. 4b, and particularly Fig. 4c). As the spectrum analysis indicates,
rlre above chaos in tlre trajectory, however, is not a total orre, but rather a "cle-
rermined one". It can be assumed that the attaining of the "whip" velocity n6
b1, the system concludes the range of the occurlence of the sma11 oi1 vibrations
ioil whirls). At higher rotational speeds of the rotor the system passes on to the
phase of large, dangerous oil vibrations deflned as "oil whip". At "sampling" pe-
ńod 0p, - 720", tłre points on the trajectory corresponding to tlre position of tlre
unbalance vector I : 0o and r :7ż0o diverge more and mole) and the trajectory
kes tlre shape of a curve wlrich becomes more and mole open, (Figs. 3j,lł,l,m,n,o).

Fig. 4. Tiajectories of the disk centre before reaclring the "whip" velocity n6 (within the zone of small
lil vibrations) - a) md a.fter exceeding it - b), c). The "sampling" period 0p, = 3960O" (11O successive
revolutions).

Fig. 5 illustrates tlre characteristic of the amplitude centre of the dislr A-
urrderstood as a half of the greatest distance lretween two trajectory points, while
Fig. 6 shorvs the phąse angles Q- deflned according to Fig. 1c. It is possible to
listinguish ]rere lbur chalacteristic zones:

ZoneI- a region of astable operation of tlresystern -O{n {ngr SOme Similar trajeC-
tories correspond to it, like the ones slrown in Figs. 3a,b,c. Points determining tlre
position ofan arbitrary node ofthe system orr the trajectory for r : 0",360o and
l20o overlap accurately. Tlrus, the orbits indicate only one marker of rotations

6!2o?r6.....-----.--.---------.X
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n |rpml

5500 6000

Fig. 5. Vibration mplitude of the disk centre (of node No. 8 Fig. 1b), trefore reaching the stabiL;
boundały ng, (zone I) md after exceeding it (zones II, III md rV - see descńption in the text).

k* :1. The trajectory pełiod 0* corresponds exactly to the exciting force 0-.
In this way we have :

ó-: Qo_ - offo : §':o k* :1 0* :0_. (_

Zone II a. zoille of srna]l oil vibrations (oil whirls) - ng, 1 n 1 n6 The trajeCtOrie
po§sess a characteristic "half - loop" shape similar to the ones presented in Fig:
2a,b,c and Figs. 3d,e,f. The system has, in fact, exceeded the stability boundar
ng,, b:ut the trajectories although of a fifierent shape and period 0", are st:,
stable. There takes place a clear division of the phase angles for r : 0' and 36t
(Fig- 6), which causes that the orbit shows the existence of two markers ł*. Thu.
we have :

§o-: §|]o and oi|o k* :2 0* :20-. (-

Zone IlI a transition zolne - nb < n 1 2ni, The "oil whip" speed n6 has bee
exceeded in the system, the trajectories become unstable (Figs. 4b, and Fig,
Ze,f,g,h,ij; Figs. 3g,h,i), observed there are high amplitude oscillations and

o
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B00

700
Q*

tol" 600

0
1 000 1500 2000 2500 3000 3500 4500 5000

n [rpnl

Ę6. 6. Phase an5lm of the disk centre according to their definition of Fig. 1c. Meaning of zones I-IV and
denotations as in Fig, 5.

sudden increment of the phase angles magnitude (Figs.5 and 6). There is initiated
the process of division and also rejoining of angles Q[ and iDfo even when period
d* "shrinks" in itself, which indicates the existence of two Ór three markórs k*.
Thus, we have :

O|:.affo and Offo k* = 2 0* = 20-

o[, off0, ofO &* : 3 @* < 20-.

(3")

(3b)

Zone IV a zolłe of intensive oil vibrations (developed oil ''whip'') - n ; 2nf,t The
trajectories have a chaotic shape (Fig. 4c), the points for r = 0o and iŻ0. ur"
distinctly separated (Figs. 3j,k,l,m,n,o), which suggests the existence of three
markers k* on the orbits (at "sampling" periocl 0o,-: 7Z0"\ Thus:

o|,o3fo,a!,|o ł* = 3 0* > 20-,

From the carried out simulation investigation it is possible to draw a conclu-
sion concerning the operational conditions of the system by appropriate classifi-

(4)
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cation of the orbits. The number of markers k* and the characteristic shape of the
orbits associated with the number as shown in Fig. 7, seems to be a convenient
discriminant of the dvnamic state.

il i]I
C-72t]o

V_---,
ł'l

0* = 2Bł 0r< 2B* B*r 2 0,

Fig. 7. Classification of arbits corresponds to zones I-IV of Figs. 5 and 6, and interpretation of the
rotation marker ł*.

Much practical information is provided by the spectral analysis of the com-
ponent trajectories shown in Fig. 3. To account for an assumed resolution of th€
analysis, A"f = 1Hz, the registration peliod of the results was assumed to be
do, = 396000'(which colTesponds to 110 successive revolutions ofthe rotor). The
calculated results performed using the fast Fourier transform (FFT) ale pTesented
in Fig. 8.

When the stability boundary has been exceeded (Fig. Bc,d) it is possible tc
notice a chalacteTistic subhalmonic spectlal line of frequency /] - 0.5/". The
spectral line, in relation to tlre whole spectrum sttucture, indicates the influence
of the oil fllm properties of the bearings, and in this way also the share of tlrę
self-excited vibrations in the image of the entire system vibrations. As the rota,
tional speed of the rotor rises, its amplitude increases approaching asymptoticallr
the flrst critical frequency of the system ,ff1, where the relationship ff o 0.5"f,,
is retained (hence sometimes is also used the term "half-frequency vibrations").
After exceeding the "whip" velocity n6, there appeals the second subharmonic
spectral line ff tending asymptotically towards tlre other critical frequency o1

the system /fr. The first spectral line ff stabilizes its position without exceeding
the frequency (F'igs. 8g,h,i,j), though the synchronous frequelcy fn increases. The
above takes place when /, > 2fh (n > Znfr), that is, in the region of 1arge oil
vibrations (oil "whip").

Tlre performed spectral analysis shows an interesting possibility of the subhar-
monic spectral line ff to split into two spectral lines ff and f!, (in more complex
cases there is even likely to occul a disintegration into several spectra1 Jines). The
spectral line becomes dominant within the entire structure of the spectrum, which
means, that the slide bearings, in principle, generate energy necessaTy to maintain
vibrations of the whole svstenl .

i
c"0'= 3s0"=720"ml]

d =a,,



Nonlinear mode1 of vibration.. . 79

a}

l

0.B

0.6

0.4

o.2

0
t20l00

0l
0

.2rc

0.4

0,2

o.1

80 1 00 1ż0

- 

ftHz1

n = 3750 rpn
nade ż-3

0

0.6
c)

v

h)

Y

ł

i

0t
n

.5r1

trz

fs

rłtęl

0o*

ooIn]

..|-
IY

o zl,

,:I
0

l3-
lg)

o'io

iiL
0

"l''
13l-_,Y

"L|
,:I

.---------r- ft{z]:

80 100 120

:, ,"-, " " , " ,:::

--t_ 
ftlz]

80 100

n= 5250 rPm|

n1': 
1 .' :,

60 80 100

2.5

ż

t.5

1

5

4

3

2

1

0

n = 
'250 

rpm

nade B :.

' ',fn

U120 0

- ł[Hz]

1 00 . "l20

j) 
:''",:

Y

t
l
I

],

|ł,

f\,I'

ł,li,

€;" D=b3UarDm
: node 8

0 20 40 60 80 1 00 120 -o 20 Ąo 60 80 1o0 ,!2o

.fn

:

b)

f

"':'"
I:l

.ł | l 
"łIxt , ,t x2

1llI
ll

:, ,ń ę 3500 rp,ń

hode B :

':
:

:':
I t rt,-l|

- 

l LDżJ-

d)

v
jts

n - 3750:rpm

'' fiOde'g:

:

f tHz)i.

:

|' 
*1 

.,i ','r,Il

6 €, Vibration sPectra of .the v_ertical component Y(t) of the journal trajectory in relation to theoring shell (nodes 2-3), and the disk centre (node 8) blt'o.. ""..ń.s ih; J"ńiritv ń"*a".v 
"i, lri ".Jra exceeding it c) - j).



B0 J. Kiciński

It is worthwhile pointing out that in spite of the operation of the system u:
der conditions of great instability (oil "whip") and unstable trajectories (Fig.4:
similar to chaotic ones, the main characteristic subharmonic spectral line app":

ars distinctly on the background of some undefined "noise" (Figs. Bg,h,ij). Thr:
it carr be assumed that the trajectories under oil "whip" conditions adopt tl
nature of the so-called determined chaos,

C,;t
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d ;,l
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l*-
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Fig. 9" Variation in time of the stiffness ci,A and the damping d;,p coefficients of the oil filrn. a, b z.:i
of small oil vibrations (oil whirls), c, d zone of large oil vibrations (oil "whips").

Fig. 9 illustrates some exemplary values of the stiffness coefficients ci,k a:
the oil film dampil1 e];Jr calculated for the ca§e of small (a,b) and large (.,d) ,

vibrations. The wav of their determination is the substance of the model present.,
in Part I. As it follows from the enclosed examples the variations of their va,lue_. ,

time are so great that accepting a constant value of coefficients for the calculatic:
(which is right in the case of 1inear models) must lead not only to quantitatl,
but also qualitative differences.

3. Simulation investigation on the example of 2OO MW turbine

Let us analyze on the basis of program NLDW-O1 the forced vibrations caus.
by a hypothetica1 disk unba]ance in the mid-pressure part of the 200 MW turbil
of 13K215 type produced by the ABB conceTn.

A scheme of the turbine and the adopted method of fiscretization are illustrl
ted in lrig. 10. Let themagnitu.cJe of thę: unbalance fotce,qn (Fig. 10b) resultsfrc:
the assumet] r*as-, r_lf urrbalar,c(;_ al)pJ,frxilllatel1, eouai to the rrrass of, one b]ł.

.j it21 n = 5250 rPn



Nonlinear model of vibration. . . B1

node l8a)
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c)
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node 82

l

l 7.256 m

iii4- 10. TIre lotor model of trrrbine r3I(215 of 200 MW aclopted for calculations togetlrer witlr the
rfixmeratio_n of bearings and sele_ctecl nodes of the systenr: a) - Irigh-pressule part, U) - ń"airr-,-pressure
l*.:) - low-pressrrre part of the turbine - point of applying thi vibration excitinf force (rrnbailance of
isage),

'Tłn = 3.3B kg). The vibration amplitude A., of respective rotor nodes depending
.,n the rotational velocity n is slrown in Fig. 11. It should be noted that the high
ęre1 of vibrations takes place not only in the mid-pressure part but also even
Ńgher in tlre high-pressure section of the turbine. In Fig. 12 one can see the
;lajectories of the journal centre of bearing No. 1 with respect to three chosen ro-
;atiorral velocities of the rotor. Let us notice tlrat at nominal speed rr : 3000 rpm,
lhe trajectory takes a typical shape for the oil whirl (a characteristic half-loop),
n-lrile in the vibration spectrum there appears a subharmonic spectral line ff of
i:equency 0.5/" (Figs. 12b,c). Thus, the bearing operates within tlre zone of small
iil vibratiorrs. At velocity n = 3250 rprn it is possible to notice already an evident
mstable trajectory, and tlre bearing has attained the "oil whip" velocity n6. The
;'rrbine, increasing gradually the rotational speecl, can then enter the stage of
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arge, dangerous oil vibrations (oil "whip").
Fig. i3 presents the trajectories of some selected nodes of the turbine rotor

denotations of nodes are in agreement rvith Fig. 10) at rotational speed (nomina1
lrre) n : 3000 rpm. So, it is evident that not only bearing 1§o. 1 (Fig. 12b), but
ł11 the other bearings and parts of the trtrbine rotor operate under conditions
rf small oil vibrations. Al1 the vibration spectra reveal the existence of some
,Pectral lines ff o 0.5fr,And so, the slide bearings excite some vibrations, cha-
:acteristic lbr oil whirls, of the entire turbirre. It is a curious conclusion resulting
,ronr tlre performed simulation investigation. From Figs. 12 and 13 it also follows
:irat the operation of the turbine under conditions of srrrall oil vibrations is not
rarticularly dangerous. The trajectories become stable and their amplitudes rise
lsignificantly (compare Figs. 12a and 12b).

Fig. 14 shows a cascade diaglam of the vibration spectra made on the base of
,jnulatiorr calculations for bearing No. 1. The subharm,onic line 0.5X consisting
,.f a set of spectral lines ff o a.5fn, has quite unexpecteclly its own "echo"
:i the forrrr of lines 1.5X, 2.5X, 3.5X. This information can become useful in
lre interpretatiolr of the ca,scade diagrarns prepared for the simrrlation of other
]ran unbalance ancl lrydrodynamic instability of bearings dei'ects in tlre turbine
,re raŁio IL.

ł. Final remarks

The simulatiorr investigation carried out both on a simple two-support rotor
.lit{ on a large fluid-flow machirre throws some new light on the mechanism of
lenera,tion and cievelopment of oil vibrations often referred to as whirls and oil
.;itips. surnming up the obtained resuits it is possible to malre the following
,:atements:

e The oil w}rirls a,re generated in the plocess of slow trajector-y "splitting" into
trvo loops of which one is decreasing with the rise of velocity until complete
fading. Tlre trajectory remains stable, whereas its amplitude rise is mode-
rate. The spectral arralysis indicates the existence of a subharmonic spectral
line with the fi,equency /J = 0.5f., which means that the oil film in the be-
arings generates vibrations of frecluency equivalent (approximately) to the
half of the synchronous one. This stage of the system self-excited vibrations
can be deflned as smal1 oil vibrations (or half-frequency vibrations).

o It is possible to distinguish a certain characteristic velocity n6 (defined in the
papel as "wlrip" velocity). As soon as this velocity has been exceeded the
trajectories loose th,eił stability, and their amplitude starts rising abruptly.
There is also possible a plocess of splitting the subharmonic spectral lirre
into two spectral lines (or more), The effect of the bearing properties upon
the operation of tlre system becomes more and mole complicated, and at t}re
same time, dominant. This operating region carr be clescribed as a transient
phase between small and large oil vibrations.
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Fig. 14. Cascade diagram of vibration spectra of bearing "1" (for component g(t)).

When the double of primary critical velocity has been exceeded by the sys-
tem, the vibration amplitude of the system gradually stabilizes at a very
high level. The subharmonic spectlal line, deflnitely dominant in the spec-
trum structule, also stabilize its position at the leve1 of critical frequency.
The trajectories become chaotic (but determined). This stage of vibrations
can be described as large oil vibrations (oil "whip").

When the registration period of the results is equal to the double period of
the synchronous excitation functions (ap, - 20,r), the above development
phases of the self-excited oil vibrations can be identified on the basis of
the proposed orbit classiflcation. A useful diagnostic factor here can be the
number of the rotation markers k- (Fig, 7).

A significant unbalance of the rotor, also with respect to large turbine sets
can be responsible for situations when the slide bearings force some charac-
teristic oil vibrations, (very often smal1 vibrations, that is whirls) involving
the entire machine (Fig. 13). The trajectories, in general, Iemain stable,
and their amplitude rises insignificantly in spite of the fact that the system
has really exceeded the stability threshold. Such a state in numerous cases
can be regarded as a normal situation fluid-flow machine operation.
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The results of the simulation investigation presented in the papel refer tc
some selected problems of the rotor dynamics, that is, to the assessment of the
unbalance effect and the hydrodynamical instability of the bearings. Making simi-
lar tests for other simulated defects during the operation of a fluid-flow machine.
such as, for instance, crack of a rotor, change of the bearing she11 fixing stiffness.
geometrica} errors of the bearing seating in relation to the geodesic line, and sc
on, it is possible to obtain very useful catalogues of diagnostic relationships. Ob-
taining them through experimental measurements is often impossible.

The new, nonlinear, theoretical mode1 presented in Part I of the paper ani
the computer proglam NLD\Ą/-01, as well as the calculation examples includei
in Part II indicate unusually large and also utilitarian potential of the compu-
ter simulation in the research of dynamical properties of both small and large
fluid-flow machines.

Manuscript received in July 1995
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Nieliniowy model drgań w układzie wirnik-łożyska
Część II. Wyniki obliczeń

streszczenie

W PracY Przedstawiono wyniki badań symulacyjnych odnoszące się do opisu najbadziej frapujących
ciągle nie wyja"śnionych do końca zjawisk zacL.odzącyc}l w fiLmie olejowym łożysk ślizgowy.ń, . *i.-
Pxicie wirów olejowych i bicia olejowego. Zjawiska te, określane też ierminem małych i dużych drgań
lejmYch, wYwołują drgania samowzbudrre całego układu wirnik-łoźyska. Badmia symulacyjne przep-ro-
ladz<l_ne zostały w oparciu o model teoretyczny i algorytm obJiczeń, przedstawione w cręśiiI pi^cy,.

QblczeYa PrzeProwadzono na przykładzie laboratoryjnego wirnika dwupodporow.go 
" 

pod.toy*i
ćwierdzeniarrri zewnętnnymi pmwi, a także na przykładzie wirnika turbiny parowej 

""*o"y 200 MW.
|ermieszczonezostały wyniki obliczeń w postaci trajektorii wybranych purrktó*.l].ł.ar. po priekroczeniu
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grarricy stabilności, przebiegów amplitud i Ętów fazowych, a także w postaci widm drgań. Przeprowa
dzono obszerną dyskusję uzyskanych wyników. Określone zostały szczegółowo poszczególnefazy rozwoj-_
drgań olejowych oraz podjęta zastała próba klasyfikacji ortit i wprowadzeńa lżytecznego wyxiźnik
diagnostycznego,


