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Summary
Dislocation of bearings in a turbine set with respect to their basis location, determined by a
kinetostatic chain line of the shafts, changes the dynamic state of the entire machine and the loads
of machine’s bearings. Numerical analysis of a digitised model of a large-power turbine set
allowed the determination of permissible dislocation ranges of machine’s bearings. The maximal
dislocations were calculated of all bearings in vertical and horizontal directions taking into
consideration criteria of the permissible load, and permissible vibrations of the bearings. The
results were graphically illustrated in the form of areas of permissible bearing dislocations. The
investigations have revealed an asymmetry of those areas, which may suggest that the

constructional kinetostatic line of rotors is not optimal.
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ANALIZA DOPUSZCZALNEGO ROZOSIOWANIA £LOZYSK TURBOZESPOLU DUZEJ MOCY

Streszczenie

Przemieszczenie tozysk turbozespotu w stosunku do ich potozenia bazowego, wyznaczonego
przez kinetostatyczna lini¢ fancuchowa watéw powoduje zmiang stanu dynamicznego maszyny i
obciazen tozysk. W drodze analizy numerycznej dyskretnego modelu turbozespotu duzej mocy
wyznaczone zostaly zakresy dopuszczalnych przemieszczen poszezegoélnych jego tozysk.
Obliczono zakresy maksymalnych przemieszczen wszystkich tozysk w poziomie i w pionie ze
wzgledu na kryteria dopuszczalnych obciazen i dopuszczalnych drgan tozysk. Wyniki
zilustrowano w formie obszarow dopuszczalnych przemieszczen lozysk. Badania wykazaty
niesymetri¢ obszarow dopuszczalnych przemieszczen lozysk mogaca $wiadezyé o tym, ze
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konstrukcyjna, kinetostatyczna linia wirnikdw nie jest optymalna.

Stowa kluczowe: diagnostyka techniczna, maszyna wirnikowa, tozysko $lizgowe

1. INTRODUCTION

The constructional kinetostatic chain line of
shafts in a rotating machine consisting of more than
one rotor is determined theoretically during the
design phase and set practically in the process of
machine assembly. The shaft line should be
designed in a way securing optimal operating
conditions for particular bearings and rotors.
Dislocating any bearing with respect to its basic
position, changes operating conditions of individual
slider bearings and, as a consequence, the operating
conditions of the entire machine. Changed is the
static load of the shafts and bearings, and, as a
further consequence, the dynamic state of the entire
machine. Vibrations of rotors and bearings can be
generated in those circumstances [1], [2], [3].

The reasons of bearing dislocations with
respect to the designed chain line can be of
assembly, operating, or emergency nature. From the
point of view of possible consequences of those
types of defects, it is preferable for the ranges of

permissible  bearing  dislocations to  be
approximately symmetrical in two opposite
directions with respect to the basic location.

2. THE AIM AND RANGE OF ANALYSIS

The present investigations aimed at
determining the ranges of permissible dislocations
of bearings in the turbine set, taking into account
certain criteria defining the acceptable regime of
turbine set’s operation [3], [4]. The permissible
dislocations were determined as the dislocations, at
which the permissible parameters of machine’s
operation were being surpassed. The ranges of
permissible dislocations were determined for all
bearings in the turbine set, separately in four
directions: to the right, left, up, and down with
respect to the basic location.

The most general criterion used for assessing
the state of the entire turbine set as acceptable is
simultaneous fulfilment of all three below named
conditions for all seven bearings in the turbine set:
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— relative journal/bushing vibrations, determined
by the displacement amplitudes p-p,
§ < 8o = 165 um,

— absolute vibrations of the bearing, determined by
mean square velocities of vibrations:
Veus < VRMSgr = 7,5 mIIﬂS,

— load of the bearing determined by average
pressures on the bush surface:
p <pdap =2 MPa.

The object of investigations was a large power
turbine set consisting of a 200 MW turbine and a
generator. The examined object is a four-cylinder
set, whose rotors are supported in seven slider
bearings. Four shaft sections are linked together by
three couplings.

The investigations consisted in calculating the
kinetostatic and dynamic states of the machine
using a set of computer codes developed and used
in IFFM [5], [6]: KINWIN-60, KINWIN-I-LEW,
NLDW-75-LEW. Scripts written in the package
MATLAB were used for automation of the
calculation process. Their task was to supervise the
iterative process of calculations, then calculation of
the displacement amplitudes of relative vibrations
and the velocities of absolute vibrations in relevant
nodes, as well as the bearing reacting forces.

The starting point for the calculations and the
reference material for further analyses was a basic
case” [5], created on the basis of data measured on
the real turbo set. For the purpose of calculations, a
digital physical model of the turbine set was
developed, along with corresponding numerical
model adapted to the calculations making use of the
fine element method [5], [6].

3. METHODOLOGY OF RESEARCH

The shape of the line of rotors and an analysis
concept of bearing dislocation with respect to the
kinetostatic line are schematically shown in Fig. 1.
The investigations were carried out by moving
particular bearings with respect to their basic
location, i.e. introducing a certain defect to the
basic model of the machine. The effects of this
defect were studied in the form of changes of
bearing loads and the development of relative and
absolute vibrations of the bearing.

In the codes used for calculations, the locations
of bearings were introduced as their dislocations
with respect to the geodesic line. In the basic case
those dislocations resulted only from the assumed
kinetostatic line of rotors (denoted as b in Fig. 1).
Additional  dislocations of the  bearings,
representing the “defects” of the machine, Ax A4y,
were added to the basic dislocation values. The
general bearing dislocation acceptance area was
created taking into consideration the three criteria
mentioned above altogether.

Ay - vertical parmissible displacement

Fig. 1. The base kinetostatic shaft line and the
concept of analysis of permissible bearings
displacements.

The calculated ranges of permissible bearing
dislocations are shown in Figs. 2-4. Points were
marked on the coordinate axes, which correspond to
the calculated permissible bearing dislocations in
four directions. At each point, the value of
maximal dislocation was given. Framed is the
number of bearing (B1 — B7) in which the limiting
value of load or vibrations has been surpassed.

The extreme points on four axes were connected
with lines. The area created in this way defines the
complete set of real permissible bearing
dislocations. The origin of the coordinate system
represents the initial location of the centre of
bearing, with respect to which the bearing was
dislocated. Bearing numbers are given near their
centres. A dotted/broken line represents an axis
crossing the geodesic line, which stands for the
reference level for the locations of all bearings in
the turbine set. The centre of the geodesic line is
marked as SG. Quantities bl.. b7 stand for
dislocations of bearings No. 1... 7 resulting from the
kinetostatic line.

4. ANALYSIS OF THE RESULTS

The maps of permissible bearing dislocations
are shown in Figs. 2 — 4. The maps shown in the
figures reveal that the ranges of horizontal
dislocations of bearings nr 1, 2 and 7 are very wide
(Smm — 20mm) and approximately symmetrical
with respect to the basic location, i.e. they are
almost the same to the left and right. The figures 3
and 4 show, that two pairs of bearings located close
to each other have much narrower (1.2mm -
2.1mm) areas of permissible dislocations and reveal
no symmetry in horizontal direction. This refers to
the pair of bearings No. 3 and 4, and the pair of
bearings No. 5 and 6, mounted in one casing and
linked by quite stiff couplings. The permissible
dislocation of the bearing No. 3 is by about 0,45
mm higher to the right than to the left, while the
permissible dislocation of bearing No. 4 is by about
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0,4 mm higher to the left than to the right. The
permissible dislocation of bearing No. 5 is by about
0,52 mm higher to the right than to the left, while
that of the bearing No. 6 is by about 0,62 mm
higher to the left than to the right.
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Fig. 2. The map of permissible displacements
of bearings nr 1, 2 and 7.

Fig. 3 show, that no matter which bearing, No. 3
or No. 4, is displaced and in which horizontal
direction, it always results in surpassing permissible
horizontal reacting force in bearing No. 3. Fig. 4
reveals that dislocating bearing No. 5 to the right
leads to the same effect as dislocating bearing No. 6
to the left and that amplitude of relative vibrations
is surpassed in bearing No. 4. Similarly, dislocating
bearing No. 5 to the left produces exactly the same
effect as dislocating bearing No. 6 to the right. In
this case the permissible vertical load is surpassed
in bearing No. 4.

Vertical dislocations of all bearings reveal very
strong asymmetry of permissible areas with respect
to the basic location. The permissible dislocations
in one direction are from 2 to 6 times as high as in
the opposite direction. The relatively weakest

asymmetry is observed for permissible vertical
dislocations of bearing No. 7 (Fig. 2), while the
strongest — for bearing No. 3 (Fig. 3).
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Fig. 3. The map of permissible displacements
of bearings nr 3 and 4.
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Fig. 4. The map of permissible displacements
of bearings nr 5 and 6.

Comparing ranges of permissible vertical
dislocation of bearings No. 1, 2 and 3 leads to the
conclusion that these bearing impose load to each
other. A hypothesis can be formulated that bearing
No. 2 is located too high with respect to the
bearings No. 1 and 3. One can expect that moving
bearing No. 2 down by 1 to 2 mm would result in
higher symmetry of diagrams for bearings No. 1, 2,
3 and, as a consequence, wider tolerance of the
machine to possible emergency dislocations of
those bearings.
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It is noteworthy that, almost perfect symmetry is
observed in areas of vertical dislocations for pairs
of bearings mounted on the same bearing supports.
The ratio of permissible vertical dislocations of the
pair of bearings No. 3 and 4 equals about 5, while
that for the pair of bearings No. 5 and 6 is
approximately equal to 2. In each pair the first
bearings (No. 3 and 5, respectively) reveal higher
permissible dislocations downward, while the other
bearings (No. 4 and 6) — upward. Also the absolute
values of corresponding vertical dislocations of
those bearings do not differ much.

Fig. 3 leads to the conclusion that moving
bearing No. 3 up generates the same effect as
moving bearing No. 4 down, namely surpassing
permissible vertical load of bearing No. 3. At the
same time moving bearing No. 3 down has the
same result as moving bearing No. 4 up, which is
surpassing permissible vertical load of bearing No.
4. The identical situation is in case of pair of
bearings No. 5 and 6, which directly results from
Fig. 4. Moving bearing No. 5 up has the same effect
as moving bearing No. 6 down and moving bearing
No. 5 down leads to the same effect as moving
bearing No. 6 up.

The symmetry of ranges of permissible
dislocations of pair of bearings No. 3 and 4, and
No. 5 and 6 leads to similar conclusions as in case
of the system of bearings No. 1, 2, and 3. In each
pair, the bearings impose mutual load to each other.
One can suspect that bearings No. 3 and 5 are
moved to high with respect to the locations of
bearings No. 4 and 6, respectively. Moving bearing
No. 3 down by about 0,5 mm, or moving bearing
No. 4 up by the same distance would result in larger
symmetry of the diagrams. The same effect would
be obtained by moving bearing No. 5 down by
about 0,2 mm, or moving bearing No. 6 by the
same distance in opposite direction. Such correction
of the bearing locations would result in higher
tolerance of the machine to possible emergency
dislocations of those bearings.

6. CONCLUSIONS

1. The bearings located at a relatively large
distance from other bearings (nr 1, 2, 7) reveal a
high range of permissible dislocations in horizontal
direction. These are approximately equal to the
right and to the left. This suggests the lack of
mutual interaction between those bearings in
horizontal direction.

2. For the pairs of bearings located close to each
other (bearings No. 3 and 4, and No. 5 and 6), one
bearing in the pair reveals the range of permissible
dislocations in a given horizontal direction close to
that revealed by the other bearing in the opposite
direction. As a result, the two bearings in the pair
impose the load to each other.

3. The ranges of permissible vertical dislocations
of all bearings are highly asymmetric with respect
to the basic location. The ratio of permissible
upward and downward dislocations is between 2
(for bearing No. 7) and 6 (for bearing No. 3).

4. All bearings reveal alternate directions of the
high and low ranges of permissible vertical
dislocations. This testifies to strong vertical load
imposed to each other by the adjacent bearings.

5. The asymmetry in the areas of permissible
dislocations of individual bearings suggests that the
constructional kinetostatic line of rotors is not
optimal from the point of view of machine’s
resistance to bearing dislocations and the bearing
location would be corrected.
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