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JóztrF RyBCzyŃSKI1

Analysis of additiorral vibrations encountered during
investigations of rotor dynamics

In the paper an effort has been made to explain unexpected rotor vibrations, which have been
::countered during experirnents on the research stand for the analysis of rotors and bearings. Presented
-_ave been the results ofexperimental investigations conducted on a research rig for the analysis ofrotors
rd bearings developed and operated at IFFM PAS in Gdafisk. Subsequently, the rotor with its all
::mplementary parts has been modelled and calculations were made using the NLDW computer program.
_'.lmparisons have been made between the results of experiments and corresponding calculations. Tlrese
.:oted that the calculations reveal very good consistency with the experiments for the rotor velocities up
:: about 7,2xny., and absolutely are not in tune in the case ofphenomena observed at higher rotational
.,elocities. Conducted has been analysis for tlre possible reasons of suclr lack of consistency. The results
::om that analysis, apart from their fundamental character, are of significant practical importance, which
l,e to be expioited in further experimental works planned in future on that rig.

1. Introduction

The research programme for investigations of rotor dynamics at iFFM PAS
_: Gdańsk is realised with the view to obtain diagnostic knowledge of rotating
,-achinery. Its experimental palt is conducted based on the constlucted rig for
ile analysis of dynamics of rotors and bearings. The main objective of this part
,: investigations is verifi,cation of developed, at IFFM PAS, calculation models
: _,:- the analysis of complex rotating machinery. Experimental investigations have
: ćen conducted on a rig equipped with the symmetrical rotor founded in three
, -iindrical slide bearings loaded with the discs between the bearings, Compara-
-_-.,e calculations have been conducted using one of the versions of the NLDW
. _,l]lputer program.

It turned out that the results of measurements and colresponding lesults of
.._,culations differ significantly in some ranges of rotational velocities, In other
__es) on the other hand, their consistency is satisfactory. Calculations do not

'Institute of Fluid-Flow Machinery, Centre for Mechanics of Machines, Fiszera 74, 80-952
, lańsk, Poland



96 J. Rybczyński

present the existence of the increase of vibrations in the case when the rotor ro-
tational velocity exceeds its first critical velocity, whereas these are present in the
experiments. This means that either the model, on which the calculations were
based, does not reflect adequately the physical properties of the object, or the
experimental conditions have not been reflectede in the model with the required
aCCuracy.

After the reconstruction of the rig further experimental works are planned.
Prior to starting these experiments, however, the reasons for the increase of ro-
tor vibrations in ranges of rotational velocity must be explained, in cases where
these were not expected, and also explained must be reasons why the computer
calculations do not reveal such additional increases of vibrations.

Considered have been, amongst the others, the following factors as hypothe-
tical reasons for the found discrepancies:

o structural heterogeneity of rotor e]ements ( for example the crack of the
shaft),

o angular or radial misaiignment of the shaft in the coupling,
o unknown rotor natural frequencies in the lange of its possible rotational

velocities,

o strong resonances of the rig's foundation frame, which vibrations propagate
through the bearings onto the rotor,

o clearances in the coupling connecting two parts of the shaft,
o loosening of the discs on the rotor shaft at high revoiutions (interference

fastening),

o displacement of one of the bearings with respect to the geodesic line of
rotor,

o twisting of the shaft,

o excitations coming from the propelling elements,

o vibrations of measurement sensors during investigations,
. erTors of measurement.

In the further part of the paper presented is the analysis of these factors from
the point of view of possible reasons, of experimentally explored, but unexpec-
ted increases of the vibration ampiitude of the rotor, Considered have been and
rejected, as little plausible, a series of hypothetical reasons for such vibrations.

2. Conditions and results of experimental investigations on a research
rig

Experimental investigations realised have been on a model of the rotating
machinery such as the research rig for investigations of the dynamics of rotors



Analysis of additional vibrations encounteled ...

and bearings. The rig is so universal that it enables to install and investigate
rotors of different configrrration, both with respect to the distribution of mass
as well as the number and kind of bearing supports. This enables simulation
of various dynamical phenomena and states of motion existing in tlris type of
nachines such as: imbalance, misalignment of the line of shafts. The rig enables
changes of the type of bearings as we}l as the stiffness of their supports. A detailed
description together with the measurement capabilities of the rig can be found
in [3-5]. Modellirrg of particular isolated dynamical phenomena, which may occul
in the rotating machinery, is practically possible only on that kind experimental
objects, as the complexity of the real machine constructions renders irnposirrg of
too many interacting phenomena, from which it is too difficult to separate simple
sl,mptom-defect relations, and hence to built diagnostic relations.

r '. 1. A schernatic of the research rig and bearings explaining the notations and orientation in the
-;rdinatesystem;l-rotor,2-bearingstands,3-steelframe,4-foundationblock,5-pneumatical

,_;.§ibrorb*s; nr. - imbalance mas§es mounted orr discs, rp - angle describing the location Óf i-b.l.rr".

A schematic of investigated objects together with identification of the nota-
-.ons of elements of the rig, rotor orientation in the assumed co-ordinate system
,_. well as the notation of the measured quantities used in the further part of the
_aper have been presented in Fig. 1.

The rotor and the state of the rotor load are characterised by the following
;,lantities:

. mass of the shaft (sum of both parts with the couplin1) m-: 215 kg,

. mass of each of two loading discs rnt : 1B5 k8,

r tota] weiglrt of t]re rotor m: 5B5 k8,

o distance between the neighbouring bearings .L : I.4 m,

97
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o loading discs located in the middle of each part of the shaft,

o the shaft supported on three cylindrical slide bearings with two lubrication
pockets placed in the horizontal plane of division (in accordance with the
Fig, 1),

o imbalance of each disc (characterised by the imbalance radius rli) is 15pm
and the imbalance weights on both discs are circumferentially displaced by
n, with respect to each other.

Static load (theoretical) of the rotor bearings results from the total mass of the
rotor and the system symmetry. The dynamical load of rotor are the centrifugal
forces acting on the weights symmetrically mounted on the discs and rendering
in this way the rotor imbalance. The imbaiance is characterised by the imbalance
radius rN defined as the displacement of the disc centre of mass, equal to 185 kg,
with respect to the theoretical axis of the rotor, rendered by the placements of
the imbalance weight at the radius of 0.1B m, The imbalance defined in this
way was equal to rN : 151-1, m. The circumferential displacement of the mass
of imbalance on the second disc by the angle n, with respect to the location of
inlbaiance on the first disc renders that the revolving rotor is dynamically loaded
by the bending moment rotating synchronically with the revolutions of the rotor.
The dimensions (real and measured ones) together with the static load of the
bearings (theoretical) are presented in Tab. 1,

Table 1, Characteristics of the bearings on the research rig

Nominal diameter D, m 0.1 0.1 0.1

Relative width L/ D, - 0,5 0.5 0.5

Radial bearing clearance (Dp - Dc)/2, 1.1,m 78.15 90.35 68.0
Relative bearing clearance, % 0.156 0.181 0.1 36
Static load (theoretical Ą1, N I436 287o 7436
Horizontal śupport stiffness C", N/l,tm 87.2 69,3 78.3

Vertical support stiffness C", N / p,m 3t7.9 307.0 372,5

Horizontal damping D, , Ns/pm 0.03 0.03 0.03
Vertical damping D", Ns/pm 0.03 0.03 0.03

The following quantities have been recorded during measurements

o absolute displacements of the centles of both discs in two perpendicular
directions,

o relative displacements of three bearing journals in two perpendicular direc-
tions,

o absolute displacements of three bearing bushes in two perpendicuiar direc-
tions,
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o rotor rotational velocity,

o oil temperature at the inlet and outlet from the bearings.

All displacements were measured using the addy current sensors of relative
displacements, Measurement signals were synchronised with each other and with
the angular location of rotor through simultaneous sampling of measuring signals
in all channels and implementation of the key-phaser. This enabled the analysis
of inter-correlation of the trajectory of motion of the elements of the rotor.

The results of investigation procedures on a three support stand have been
presented in [6] and the results in [7],

3. Computer simulations of the experiments conducted on the rese-
arch stand

In the calculations assumed have been the structure of the rig as it was during
the experimental investigations, AIso the data for the calculations have been ta-
ken directly from the experiments, to the highest possible extent. Particular series
of calculations have been performed for those rotor rotational velocities, which
have been earlier investigated experimentally. Calculations of the dynamics of the
rotor mounted on the research rig have been conducted using a new version of
the computer program NLDW, namely NLDW-61 version, This program is based
on a discrete physical model of the object and a mathematical calculation model
-cased 

on the finite element method [1,2]. The results of these calculations are the
excited vibrations of selected elements of the rotor and bearing bushes.

The way of discretisation of the research stand is presented in [B]. In that re-
lort presented also are the structural data for the rig, including the slide bearings
fecessary in the discretisation procedure and serving as input data in calculations.
Tire average oil viscosity in ca]culations of the bearings using the NLDW code
ras been determined using the average oil temperature measured on the rig at tlre
.llet and outlet from the bearings. Stiffness and damping of particular bearing
supports has been assumed as static, experimentally determined on the rig. These
:re presented in Tab. 1, Calculated have been all these quantities, which were the
oim of measurements, i.e. instantaneous displacements of all discs, journals"and
:,:shes in two perpendicu]ar directions. Calculations have been conducted using
;:e NDLW plogram in the case of all experiments with the notation in the form
,i 1402...t419, where the stifiness support was calculated with account of the
stiffness of the oil film,

"1. Comparative analysis of results of experiments and calculations

The dynamical state of the rotor reflects in the shaft vibrations and the tra-
'ectories of bearing journals and discs. FYom the extensive experimental evidence
jescribed in [6] and [7] extracted has been a part of results, which illustrates best
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the discrepancies between the results of measurements and calculations. Expla-
nation of these discrepancies has been the objective of the present work, Selected
have been the experiments conducted at the rotor imbalance such as presented
in Fig. 1, i.e. when the imba]ance of both discs was the same with regard to the
value, but the directions of the imbalance forces are displaced circumferentially
by iBO degrees with respect to each other. In this way the rotor is subjected to
the rotating bending moment and the rotor vibrations are relatively large,

Results of investigations are presented in the report in the form enabling direct
comParisons when both the experimental and numerical results are cast onto one
graph. In Fig. 2 presented are the distributions of maximal ampiitudes of motions
of particular e]ements of the rotor in the function of the shaft rotating velocity in
the full lange of rotating velocity. Such distributions are presented for both discs
(absoiute vibrations) and three bearing journals (journal vibrations witlr respect
to the bush). The distributions have been piotted using the spline approximation
of cliscrete yalues (denoted with the *) and measured ones (denoted as o).

It resuits from the graphs that the results of calculations using the NLDW-61
Plogram does not reveal the rotor behaviour in the whole range of the rotor rota-
tional velocity, for which the measurements have been conducted, Distributions
of the amplitudes of vibrations, bot}r for the journals and the discs does not re-
veal all the increases of amplitudes observed on the experimental distributions.

in the experimental distributions there are perceptible three local increases of
vibrations, which is true for both discs and all three bearing journals. A1l three
maximum values are appearing in the case of all five considered elements of the
rotor at the same shaft rotational velocity (wiih the error iess that 1%). This
means that the vibrations of each of the elements are caused by the sanie phe-
nomenon taking place in the rotating system. In Tab. 2 presented are valuós of
the frequencies of particular increases of amplitudes of vibrations presented in the
figures: seParately for each rotor element and its means value. These are values ta-
ken out from the experimental distributions interpolated using the spline method.
Presented are also the frequencies of rotor rotations for the cases oi experiments
closest to the iocations of amplitude maximum (in the column ''experiment'').

Table 2, Tab]e of resonance velocities of rotor

Experiment
number

n

rev/min
R.esorrance frequencies, Hz

experiment Disc 1 Disc 2 Pin 'l Pin 2 Pin 3 Average
l4o7 2853 4 l .t\3 48,84 48.67 48.94 48.80 47.34 Ą8.52
14l1 3364 56,07 57.4o 57.37 56.80 56.50 57.o2
7474 3898 64.97 65.36 h5_ł]h 65,30 65,93 65.76 65.60

In Fig. 3 presented are
measured on the rig (upper

the trajectories for both discs
raw) and calcuiated ones (lower

and three journals:
raw). Selected have
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Fig, 2. Dependence of amplitude of vibrations of particular palt§ of rotol on the shaft rotational velocity,

been three characteristic cases - the experiments corTesponding to the closest
,,,alues of three found lesonances. As can be seen, always the disc No, 1 exhibits
tlre strongest vibrations. In the region of the frequency of 3900 rev/min vibrations
have a direction close to the vertical one, The trajectory of disc No. 1 is a very
slender ellipse. Such strong disc vibrations does not have any influence on the
relative vibrations of bearing pins, where the trajectories follow the small circles,
In the case of the first resonance the situation is completely different. The disc
trajectories has a shape of wide ellipses and are accompanied by the strong relative
.,,ibrations of bearings bushes.
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Trajectories Run No. 1407 n = 2853 rev/min lmbalance: R1 = R2 = 15um 
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Fig. 3. Measured and calculated trajectories of discs and bearing journals for three characteristic expe_
rirnents.
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5. Approaches to explain the excessive rotor vibrations beyond the
1"Ź resonance frequency

The possibility of existence of the another natural frequency of the system
rotor-supports, not revealed by the calculations using the NLDW program, has
been first considered as one of the most possible hypothetical reason of strong
rotor vibrations beyond its first resonance frequency.

In this light conducted have been calculations of frequencies and characteristic
forms of experimenta] rotor using two independent methods, namely the computer
program ABAQUS and the program DYNWIT - developed at the IFFM PAS in
Gdańsk. In both cases the object of calculations was the same discrete modei of
the rotor - same as was used for the calculations of dynamics of the research
stand using the NLDW program.

It should be noted that despite the fact that during all experiments on the
research rig the rotor remained physically the same though in all experiments
ilre support conditions were varied. With respect to the rotor rotational velocity
.,-aried the oil fiIm thickness together with the oil viscosity and hence the stiffness
of rotor support.

In the Tab, 3 tabulated have been the results of calculations performed using
DYNWIT and ABAQUS for the case of five most characteristic experiments:
:hree located very close the centre of intensified rotor vibrations and two remote

=xperiments with respect to the rotor rotational velocity. Using the DYNWIT
;,roglam calcuiated have been the natural frequencies and damping in the case of
::st twenty forms of vibrations. Using the ABAQUS program, respectively, the
-,atural frequencies and generalised masses for the first ten forms of vibrations
.-_ar.e been determined. Additionally, using the ABAQUS program calculated have
: een these quantities for the clamped support rotor ("in prisms" ) in order to bet-
:.r evaluate the influence of support stiffness on the frequency of free vibrations.

It results from the Tab. 3 that the particular natural frequencies calculated
;ing the ABAQUS software does not stand the ones calculated using the DYN-
-I1T program for the corresponding conditions, The differences result from the
:.ct that the ABAQUS software takes principal stiffnesses as the rotor support
.:lffnesses, i.e. the reciprocal of the ratio of displacement to the acting force in
.__e direction of displacement. The DYNWIT program can, on the other hand,
:,count for the skewed stiffnesses, i.e. determined using the assumption that the
:_:ce and the journal displacement rendered by the force are perpendicular. The
.:ecifics of the slide bearings is the fact that the skewed stiffnesses are significan-
--.- sma]ler than the principal stiffnesses and hence they influence stronger the
:,.-stem vibrations. Additionally, the principal stiffnesses are little dependent on
-_e thickness of the oil film, and hence also the rotational velocity of the rotor.
_: is different in the case of skewed stiffnesses, The result of it is that the natu-
: - frequencies calculated using the ABAQUS program are almost independent
: _,m the rotor rotational velocity, Only the completely stiff support of the rotor
- :aningfully changes the natural frequencies corresponding to the same charac-
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Table 3. Tabuiation of natural frequencies of the rotor calcu]ated using the DYN-
\\-IT and ABAQUS ploglam for selected experiments

DYNWIT - frequency, Hz ABAQUS - frequency, Hz
Exp. No.
n. 1/min

1402 1407 74Il 1414 7419
I2I2 2853 3364 3898 4891

7402 1407 7417 7414 1419 fastened
I2I2 2853 3364 3898 4891

Form 1

2

4
5

6
7
8

9

10
l1

\2
1J
14

15

16

77
18
1o

20

10.45
10,46
72.30
46.B2
48.00
57.77
64.97

726.24
137.99
1,56.77

205.65
2o7.77
220.65
234,34
244.2o
293,77
363.93
381,94
422.90
43o.o7

24.7o
24.76
30.94

48.1 1

63.7l

29.36
29.40
39.29

34.46
34.95
43.29
4b.oJ
45,88

42.40
l, ,,

44.76
47.66
48.06
56,58
61,13

t23.77
aJJ, aJ

154.68
203.86
205.14
219.o7
232.81,
247.34
295.92
363.34
384,57
424.86
43I.57

l25.20
136.70
156.09
205.66
206.32
279.92
233.67
244.66
294.63
363.66
383.04
423,77
430.62

44.84

64,o5
124.88
136.33
155.80
205.54
205.95
219.66
233.46
245.o9
294.93
363.58
383.39
423.95
430.83

135.95
155.47
205,42
205,52
219.4L
233,2ó
245.7I
295.24
363.50
383.75
424.25
43L04

40,76 40.84
4L,01 40.89
52.22 52,09
53.11 52.42

105.15 105.96
108.48 106.80
147.15 148.98
152.58 149.63
276.IL 216.1,7

252,39 252.06

40.87 40.87
40.88 40,93
52.02 52.01
52.33 52.29

105.96 106.22
106,37 106,52
75o.I4 149,62
1.50.72 I52.26
216.11 216.11
251,.56 257.55

40.91 43.70
41.00 43.70
52,22 65.49
52,29 65.49

106.23 216.11
107.93 228.78
752.25 228.78
753.27 335.24
216,1,7 335.24
252.77 477.95

DYNWIT - damping, Ns/mm ABAQUS - generalised mass
Exp. No,
n, l/min

1,402 1407 1417 7414 1419
1212 2853 3364 3898 4891

I4O2 1407 741,1, I4I4 1419 fastened
l2l2 2853 3364 3898 4891

Form 1

2

4
5

b

7

8
9

10

11

12

13

1,4

16

1,7

18

19

20

-27.27
-29.62
-59.92
-6.83
-3.93

-30.78
-17.75
125.91,

-o9,A
-58.08
-56.57
-41.87
709.42
-92.05
143.26
178.91
190.65
2Ió.65
206.07

_56.19

-46.77 -6.80

-5.51

-74.57
255.37

151.94
766.92
-89.69
-45.86
-95.04
-91.82
1,62.24

101.62
1 63.78
181,78
233.68
266,24
208.84

-46.76
-49.94
1,4o.82

48.10

-48,32
-44.62
114,65

136.85
749.2I
_91.53

-75.52
-ó6,22
-56,20
133,07
100.94
152.32
179.83
272.17
24o.4o
207.21,

740.I2
I53.27
_91. 18
_80.49

-54.30
-63.62
140.18
101.87
155.18
180.25
217.80
246.9I
2o7.56

-2r.57
181.36

-743.74
-157.39
-90.75
-85.34
-49,74
-72.38

-747.47
_102.08

-158.01
-180.70
-223.08
-253,46
-207.97

50.55
-30.40

433.85 432.16
432.89 432.77
435.79 435.03
430.28 432.ó0
15.60 15.58
l5.44 15.54
15.16 15,16
15.07 15.77

339.76 339,76
68.58 68.63

429.61, 431.18 428.04 455.2l
430.82 428.85 430.83 455.2I
433,41 433.66 430.15 379.0E
430,76 430.75 433,41 379.0E
15.58 15.58 15.57 339.76
L5.57 15.55 75.47 10,71
15.16 15,17 15.08 ].0.74

15.11 15.07 15.04 15.41

339.76 339.76 339.76 15.4:
68.50 68.51 68.93 48.19
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teristic forms. In the case of ca]culations performed using the DYNWIT code the
natural frequencies differ significantiy with respect to the rotor rotational velo-
city, particularly in the first few natural frequencies. They differ even in the case
when they are linked to the form of vibrations (the shape of deformed rotor) and
not only the form number,

For more detailed analysis very useful are the values of damping presented in
Tab. 3. If the given form of vibrations is accompanied by the large łamping then
tlre amplitude of vibrations of tiiis form wil] be small ancl vice versa. Tńis ńeans
that in the case of the experiment No. 1407 the strongest shou]d be vibrations
correspondingto 4th and.51h form, in the case of the eiperiment No. 1411 - re-
spectively, to the form 5tĄ and 6tĄ, and in the case of I.{ó. I4t4- 6ćh and 7th.In
Tab. 4 the frequencies for these three forms are marked by the frame, In Fig, 4
rresented are the schematics of these six characteristic forms caiculated usinglhe
DYNWIT Proglam. These are spatiai drawings of deformed rotor during ń.u-
-ions and a projection of deformed rotor onto a horizontal plane.

In the case of the experiment No. 1407, conducted in tńe vicinity of the first
:esonance the forms 4 and 5 present the transverse bending vibraiions. These
_crrespond exactly to the forms, which are induced by the system of weights
.:tnba]ances) mounted on the rotor discs. The frequenciós corresponding to tńese
:,':ms almost exactlY coincide with t]re 

^"u..lr"d 
rotor resona.,"e f.e{uency in

:---l No. 1407 (comPare Tab. 2). The second increase of vibrations experińen-
-._1v confirmed at the frequency of 57 Hz and best reflected by the experiment
];l. 1411 is not mirrored in any of the calculated self frequencies of tLe rotor.
iillł'ever, the frequency of the third region of the vibratión increase, equal to
- ,,5 Hz,lies in the vicinity of the natura] frequency corresponding to the seventh,--aracteristic form of the rotor supported as in ihe expóriment No. 1414 with::: frequency of 62.3 Hz. In this case the frequency difference is SYo and even: ,hat difference would be qualified as a measurement and calculation error, it
:. lrard to believe that at such rather signifi.cant damping corresponding to ihis
:-,lm the rotor vibration with such high amplitudes were possiblÓ, whicń exceed
-','en the amp}itude of the rotor vibrations in the principal resonance. The way
, - inducing the vibrations (with the force couple from the rotor imbalance) also
_s not favourable to the development of such form of vibrations, which is linked
:;:th that frequency. Additiona]iy, the maximum of vibrations for that form is
__.,cated in the middle of the rotor iength, which is the location of rotor support
_: the bearing (see Fig. 4). On the other hand, from Fig, 3 it results that the pin
-:ajectory in the middle bearing is rather small.

It results from the above considerations that a large amplitude of vibrations
,_ the disc No. 1 in the vicinity of the rotor rotationai velocity of 3900 revfmin
:5 Hz) cannot be explained as a resonance of one of the characteristic forms
.- rotor with the excitation due to imbalance. The reasons must be sought in
-other phenomenon.

Considered must be other possible reasons of discrepancies between the re-
.','ts of experiments and calculations, which were outlined at the beginning of
-:e paper. Some of these hypothetical reasons can simply be excluded, whereas
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Run No. 1407

Form 4
Frcquency 46.59
Damping 12.59

Run No. 141,t

Form 5
Frequency 46.33
Damping 15.96

Fig. 4. Selected characteristic forms of rotor calculated using the DYNWIT code for three
experiments.
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Run No, 
,l4,11

Fom 6

Frcquency 47.79
Damping 5.50
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some required further investigations.
Excluded could be the vibrations of measurement sensors, as it is not prac-

tically possible that all sensors would vibrate simultaneously with the same fre-
quency, when their fixing is considered. It is also not possible that the same
measulement errors would be present in various measurement series. Vibrations
of the same frequency were present in all conducted measurement series.

Loosening of the discs could be also seen to be the impossible reason. If these
were to lead to the explanation of the unexplained vibrations, then such vibra-
tions would not decay with the further increase of revolution speed, but would
rather intensify. For the same reasons we can reject the excitations coming from
the propelling elements as well as the material heterogeneities.

It is almost not probable that the rotor vibrations would carry the vibrations
of the foundation frame staying in resonance with the excitation coming from
the rotor. However, in order to exclude it complimentary measurements must be
performed of the vibrating frame.

Also for this purpose the additional calculations of rotor behaviour will be
performed using the NLDW plogram, Planned ca}culations will take into account
variability of stiffness and dumping coefficients with respect to forced vibrations
frequency. At the present moment there are performed experiments on the test
rig to obtain the sets of those coefficients.

6. Computer simulation of the rotor line imperfection

Earlier works showed, that the source of increased rotor vibrations could be
the imperfections of the line of shafts of the rotating machinery. There can the
following imperfecticns considered: rotor misalignment (in this case only possible
_:r the coupling connecting the two parts of the shafts), clearance in the clutch
and also the deflection ofthe rotor axis from the geodesic line. In order to confirm
rr reject such possible reasons conducted have been additional computer simuia-
:ions of the rotor crack and deflections of the rotor axis from the geodesic line,

Clearances in the fixing of the coupling bushes and the shaft ends or inade-
quate clamping of the contacting planes of both halves of the coupling can be
rti]ised in modelling of the rotor crack. In this case the rotor loaded with the
lending moment will "open" or "close" the crack in the way dependent from the
rrutual location of the plane, where the crack is located and the plane, where the
shaft bending moment is suspended, which in turn results from the imbalance.
Calculations have been conducted for four cases of mutual location of these planes
1iffering by the angle rf2 (a : 0, rfZ, r,3lrl2) and for several extents of the
:racks p taking values from 0 to 30%. Expressed in percents values of the crack p
s defined here as a ratio of the depth of the crack to the shaft diameter,

In Fig. 5 presented is a graphical representation of the dependence of the
emplitudes of the discs absolute vibrations and relative vibrations of bearing jo-
-rrnals on the rotor rotational velocity of one calculated case: for p : 30Yo and
l: r12. As could be expected the vibrations incleased significantly (see Fig. 2),

l07
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Fig. 5. Dependence of the amplitude of vibrations of particular elements of the rotor on the rotational
velocity of the shaft in the case of the "rotor crack" in the coupling.

but there was not a symptom found of the increase of the amplitude of vibrations
beyond the region of 1sĆ critical velocity. Not a symptom was also found in any
of the other calcuiated cases of the clack,

Simulation of the rotor axis deflection from the geodesic line conducted has
been by displacement of the middle bearing with respect to its base location in
four directions: upward, downward, left and right by the increasing amounts until
reaching the calculation limits of the NLDW program. At some valrre of the be-
aring displacement the program ceased calculations signalling that the minimal
allowed oil film thickness has been exceeded due to the bearing overload. In prac-
tice the displacement of the one of the bearings renders increasing or decreasing
of the load of this bearing and/or other bearings with respect to the direction of
support displacement.
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::g. 6. DePendence of the amplitude of vibrations of particular elements of the rotor on the rotational, :locity of the shaft in the case of the middle bearing displacement by 0.25 mm upward.

In Fig. 6 presented is an anaiogical to the Fig. 5 sample dependence of the
._rnPlitude of absolute disc vibrations and relative vibrations of the bearings iour-
]-als on the rotor rotational velocity in the case of the displacement of the middle
:,earing by 0,25 mm upwards. AIso in this case there is no increase of the ampl!
. rde of vibrations beyond the region of 1sŹ critical velocity, nor it was observed
_:l other calculated cases.

As can be seen, neither the "rotor crack') nor the bearings displacement with
:espect to the geodesic line is the reason for the appearance in the experiments
_l additional vibrations at the rotational velocity of the rotor equal to 3364 and
:398 rev/min.

For further investigations remain the radial or angular misalignment of the
.:afts consisting the rotor, which is only possible in the coupling connecting two
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parts of the shaft. This will be the objective of subsequent works as it requires
adequate modifications to the NLDW plogTam.

7. Conclusions

1. Comparisons of the resuits of calculations of the dynamics of the rotor on
the special}y designed for this purpose rig against the corresponding expe-
rimental results shows that calcuiations reflect the experimental behaviour
of the rotor quite well up to the rotational velocity equal to about I.2 x np,
however they do not reflect the phenomena observed at higher rotationa]
velocities.

2, Experimentally found strong increase of vibrations at the rotor frequency
of 65.5 Hz lies in the vicinity of one of the natural frequencies of the rotor,
but it seems very unlikely, that this is the reason for such strong vibrations
at that frequency.

3. Considered have been different hypothetical reasons for the appearance in
the experiments of intensified rotor vibrations beyond its 1"t critical velocity.
On the path of the analysis of calculated earlier frequencies and characte-
ristic forms of the rotor, as well as on the path of modelling of possibie
defects of the rotor and subsequent numerical calculations of its dynamical
behaviour, most of the reasons potential for unexpected rotor behaviour
have been eliminated.

4. There is the hypothesis, that the rotor vibrations would carry the vibratiorrs
of the foundation frame staying in resonance with the excitation coming
from the rotor, To prove it, the additional calculations of rotor bahavioru
are planned. It can be done using the NDL\M program) which will take
into account variability of stiffness and damping coefficients with respect tc
forced vibrations frequency,

5. Additional investigations in the form of experiments and numerical calcula-
tions are necessaTy in order to identify the reasons for the unexpected roto:
behaviour. At present, the most probable leason remains the radial or angu- i

1ar misalignment of the shafts forming the rotor in the coupling connecth5 
i

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

This witl be the topic of subsequent works, 

l

?y* .\ :ffi , 
:,:,^,!: .:: ; ̂ :, : :;,,i : r ::TI*, ;|codes MESWIR for the analysi,s of free and i,nduced torsional uibratźoru w|
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