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Abstract 

Adaptive hydrodynamic bearings of two similar constructions with connective belts connecting segments are analyzed in this 
paper. Construction schemes of bearings are described and its analysis is carried out. From analysis of constructions of different 
bearings, qualities and defects are found. Analysis of possible tensions cases of connective belts and influence on shape of formation of 
hydrodynamic lubrication membrane is performed. 

Analysis of experimental investigation is presented, vibrations parameters are obtained and influence of connective belts on a 
quality of the bearing work is ascertained. 
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Introduction 

Rotors are basic elements of different energetic, 
electric, transport machines and of various instruments too, 
which provide transmission of a turning moment in it and 
moment of rotation. Performing important function in 
these systems they are sources of vibrations too which 
decrease stability of a rotor and are dependence on a 
construction of machine, its purpose, the type of bearing, 
frequency of a rotor rotation, nonaxiality of the rotor and 
bearing, etc. [1 - 6]. 

These undesirable lateral factors complicate regulation 
of characteristics of two rotor-bearing very much. Sledding 
bearings have a very big influence on a quality of work of 
a rotary system. Trying to minimize the instability of such 
systems, most diverse designs of bearings have been 
proposed on the basis of self-adjustment, including floating 
ring bearings, elliptical bearings, tilting-pad journal 
bearings and elliptical tilting pad journal bearings, as 
shown in Fig. 1. [1, 2]. Adaptive bearings show good 
results of work, so they are used in different components of 
various machines which operate with high speeds of 
rotation [10]. 

However, adaptive segmental bearings are damped 
insufficiently and they have a little productive power for 
uneven weighting of segments. When a rotor is horizontal, 
the lower segments are burdened more [7, 8]. Besides, 
assembly errors and adjustment procedures distort the 
initial geometry of a bearing, thus creating conditions for a 
non-uniform distribution of the load among the segments 
[9, 10]. 

Trying to avoid the aforesaid problems in radial 
bearings different means of segments regulation are used 
[11, 12]. 

Objects of researches 
Adaptive hydrodynamic bearings with segments of 

two similar constructions are investigated (2a, 2b). These 
constructions are very similar and they differ only in that, 
that several elastic shoulders are connected segments in 
one construction (Fig. 2a), elastic ring that is moved easily 
and there are connected segments in another construction 
(Fig. 2b). The size of a radial clearance of the bearing, 
materials of  bearing  elements  and  construction of the 
bearing, are factors which determine its reliability of work.  

 
 

a        b                c                d 
 
Fig. 1. Bearings : a – self-adjustment including floating ring bearings, b – elliptical bearings, c - tilting-pad journal bearings, d - elliptical tilting 

pad journal bearings; 1 - rotor, 2 - floating spacer or segment, 3 - carrying lubricating layer 
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           a               b 
 

Fig. 2. Adaptive hydrodynamic bearings: a – elastic shoulders that are connected segments: 1 - rotor, 2 – segments 3 - spindle head 4 - adaptive 
thrust; 5 - elastic shoulders that are connected segments; b – with elastic ring that is moved easily and is connected segments: 1 - rotor, 2 – 
segments 3 - spindle head 4 - adaptive thrust, 5 - elastic ring 

 
Analysis of constructions of adaptive 
hydrodynamic segmental bearings 

Adaptive hydrodynamic segmental bearings possess 
with elastic elements that are connected segments. 

The adaptive bearings with segments could be of 
different constructions, but big influence on a quality of 
bearing work is made by shoulders that are connected 
segments. There can be two cases (Fig. 3a, 3b) of influence 
on such shoulders [1]. 

The first case. In the first case (Fig. 3a) the systems 
stress is created by preloading the connecting bands by 
way of radial displacement of the supporting elements. 

The bending moment and the normal force of bands 
assume the following value: 
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where 0F  is the force from bearing elements applied to the 

segments; 
n
πβ 2

=  is the fixed angle which determine the 

position of the applied force 0F ; n  is the number of 
concentrated forces 0F , ϕ is the current angle. 

The displacement of the point of 0F  force application 
in relationship to the center of the bearing is determined by 
the following dependence: 
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where ru0 is the radial repositioning of segments at the 
point of the 0F  force application; F  is the cross-section 
area of the bands; E  is the modulus of elasticity; J  is the 
moment of inertia; Λr  is the radius of the median surface 

of the elastic bands (may be three values 31
2 rrr 〉Λ ; 31

2 rrr 〈Λ ; 

31
2 rrr =Λ ; where 1r  and 3r  are the inner and outer radii of 

a segment respectively). 
The second case. In the second case the systems stress 

is created by the hydrodynamic pressure and temperature 
stress in the form of the existing moment NTM  (Fig. 3b), 
which includes temperature and hydrodynamic 
components. The moment of resistance of the band has the 
opposite direction. In this case the angle of rotation and the 
stress forces of the connecting bands can be determined by 
means of equations: 

 
      a         b 
 

Fig. 3. Powers that are operated on segments of bearing: a – being preconceived weighting, b – being hydrodynamic pressure  
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If moments of revolution are like 0, that Eq. 4 may be 
simplified: 
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The rotation angle of segments should be checked 
according to the following equation: 

 
( ) ( )

EJ
M

r
j

NT
j

n Λ=
∂
Θ∂
ϕ

, (6) 

where nΘ  is the angle of rotation of the j-th segment; EJ  
is the bending rigidity of the bands. Hence 
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where 0nΘ  is the initial angle of rotation of the j-th 
segment due to preliminary deformation of the bands by 
the force 0F . 

The momentary values of the functions, which express 
hydrodynamic moments, are calculated by integrating the 
pressure of the supporting lubricant layer across the 
surface of the segments witch the help of the following 
expression: 
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where L  is the length a segment; cϕ  is the angular 
boundary of the segments exit edge; P  is the 
hydrodynamic pressure; 1ϕ  is the angular coordinate of the 
center of support of the segment. 

Rigidity of connective shoulders of segments is 
proportional directly to the hydrodynamic pressure and 
inversely proportional to the angle of turning segments. 

Adaptive hydrodynamic bearings with elastic ring 
that is moved easily. 

The principal scheme of the adaptive hydrodynamic 
bearing is given in Fig. 4. 

There are possible four cases of such bearing loading. 

β 

β 

5 5 

5  
 

Fig. 4. Adaptive hydrodynamic bearing with elastic ring that is 
moved easily and is connected segments 1 – rotor, 2 – 
segments, 3 - adaptive thrust, 4 - elastic ring, 5 – lubricant 

The first case. If no load is applied to the rotating 
cylinder then the equations of motion in the forces for free 
undamped vibrations will take the form: 
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where yy Im , are the mass of the moving elastic element 

ant its polar moment f inertia; ϕCCy , - rigidity by 
coordinates ϕ,y . The angular frequencies of vibration are 
determined in the usual way: 
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where 22 yyy rmI = . 
The vibration amplitudes and initial phases are 

determined by the initial conditions: 00 , ϕϕ == yy  and 

00 , ωω ==VV  under 0=t : 
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where 00,ϕy  are the initial displacements: 00,ωV  are the 
initial velocities; t  is the time. 

The second case. If a turbulent force acts on the 
elastic cylinder only in one segment, the forced undamped 
vibrations will be described by the following equations: 
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When the elastic cylinder is suspended in all segments 
(Fig. 4) the equations of motion will take on the form: 
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The frequency of forced vibrations under the effect of 
harmonic forces tQQ yy ωsin0=  and tMM yωϕ sin0=  
can be presented in the following form: 
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where 0gk  is the dynamic coefficient. In the given case 

under ∞→0gk  ϕωωω == yy , i.e., the natural frequency 
is coincident with the frequency of the forced vibrations. 

The third case. If no load is applied to the elastic 
cylinder, then its free vibrations under viscous damping are 
determined by the following equations of motion: 
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where yH  and ϕH  are the coefficients of viscous 
damping. 

Angular frequencies are determined in the usual way: 
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The influence of a viscous damping on the frequency 
is minor, therefore, the availability of viscous resistance 
can be disregarded while calculating the natural frequency 
of the elastic cylinder or ring. The amplitudes ϕAAy ,  and 

the phase angles ϕαα ,y  are obtained from the initial 
conditions in the usual way. Instead of expressions (11) 
and (12) we obtain: 
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The fourth case. When the elastic cylinder is under 
the effect of perturbation in tangential openings of each 
segment, the forced vibrations under viscous damping are 
determined by the following equations of motion: 
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In the same way the equation of motion for angular 
coordinates in the matrix expression takes on the following 
form: 
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where iHΘ  and iCΘ  are the coefficients of viscous 
damping by coordinates ϕ  and Θ . The perturbation 
frequency under the effect of harmonic forces and 
moments takes on the following form: 
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Experimental results of measurement and its 
analysis 

Experimental investigation of given bearings (Fig. 2) 
was carried out for the second case of bearings loading, 
and of the given bearings (Fig. 2b) for the first case of 
bearings loading. 

Results ofexperimental measurements are given in Fig. 
5, 6, 7, 8. Results of vibrochange measurements of 
adaptive hydrodynamic bearings with segments that are 
connected with several elastic shoulders are shown in Fig. 
5 and 7, and results of vibrochange measurements of 
segments that is connected elastic ring which is moved 
easily in Fig. 6 and 8. 

From the results of vibrochange measurements one can 
see, that amplitudes of vibrochanges of adaptive 
hydrodynamic bearings with elastic shoulders that are 
connected segments are decreased with increasing 
frequency of a rotor rotation (Fig. 5, 7) and amplitudes of 
vibrochanges of bearings with the elastic ring that is 
moved easily and is connected segments is increased with 
increasing frequency of a rotor rotation (Fig. 6, 8). When 
the frequency of a rotor rotation is 2984 rpm (Fig. 5), the 
vibrochange signal amplitude in the horizontal direction is 
12 µm, the vibrochange signal amplitude in the vertical 
direction is 16 µm and when the frequency of a rotor 
rotation is 4025 rpm (Fig. 7) the vibrochange signal 
amplitude in the horizontal direction is 3 µm and in the 
vertical direction is 4 µm. When the frequency of a rotor 
rotation is 2994 rpm (Fig. 6) the vibrochange signal 
amplitude in the horizontal direction is 7 µm and in the 
vertical direction is 7 µm and when the frequency of a 
rotor rotation is 4030 rpm (Fig. 8) the vibrochange signal 
amplitude in the horizontal direction is 16 µm and in the 
vertical direction is 22 µm. 
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Fig. 5. Adaptive hydrodynamic bearings with several shoulders that are connected segments, when frequency of rotor rotation is 2984 rpm: a – 

signal of vibrochange in the horizontal direction, b - signal of vibrochange in the vertical direction, c – orbit. 
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Fig. 6. Adaptive hydrodynamic bearings with elastic ring that is moved easily, when frequency of rotor rotation is 2994 rpm: a – signal of 

vibrochange in the horizontal direction, b - signal of vibrochange in the vertical direction, c – orbit. 
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Fig. 7. Adaptive hydrodynamic bearings with several shoulders that are connected segments, when frequency of rotor rotation is 4025 rpm: a - 

signal of vibrochange in the horizontal direction, b - signal of vibrochange in the vertical direction, c – orbit 
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Fig. 8. Adaptive hydrodynamic bearings with elastic ring that is moved easily, when frequency of rotor rotation is 4030 rpm: a - signal of 

vibrochange in the horizontal direction, b - signal of vibrochange in the vertical direction, c – orbit 
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Parameters of rotor rotation orbits in adaptive 
hydrodynamic bearings are varied too. The diameter of the 
orbit of adaptive hydrodynamic bearings with elastic 
shoulders that are connected segments is increased with a 
decreasing frequency of a rotor rotation (Fig. 5, 7) and the 
orbit of a rotor rotation is decreased with a decreasing 
frequency of a rotor rotation, rotating rotor in the bearings 
of elastic collar that is moved easily and is connected 
segments (Fig. 6, 8). 

Conclusions 
Results of the investigation have shown, that adaptive 

bearings with elastic shoulders connect segments are more 
stiff and the rotor is rotated more precise in it than in 
bearings with an elastic ring that is moved easily and is 
connected to segments. 

Adaptive hydrodynamic bearings with an elastic ring 
that is moved easily and is connected to segments may be 
used when the rotary system is working at the resonant 
frequency, because the ring is supposed to suppress 
vibrations, but it is necessary to carry out additional 
experimental investigation in order to confirm it. 
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Panašių konstrukcijų adaptyviųjų hidrodinaminių guolių diagnostinė 
analizė 

Reziumė 

Tiriami adaptyvūs dviejų panašių konstrukcijų hidrodinaminiai 
guoliai su skirtingais segmentus jungiančiais elementais. Aprašytos guolių 
konstrukcinės schemos, atlikta jų analizė, nustatyti pranašumai ir 
trūkumai. Atlikta segmentų jungiamųjų juostų galimų įtempimų atvejų 
analizė, taip pat eksperimentinė diagnostinė analizė, gauti virpesių 
parametrų duomenų formatai ir nustatyta segmentus jungiančių skirtingų 
elementų įtaka guolio darbo kokybei. Tyrimų rezultatai apibendrinti ir 
padarytos išvados. 
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