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Method of Sliding Bearings Static Characteristics Calculation
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Abstract: The direct problem of researching the load capacity of segment
gas-static bearing is being discussed. In calculation the movement of the
shaft in the bearing is considered slow comparing than the rotational
velocity. Vibrations and the influence of non-stationarity are neglected. The
given geometry of the bearing and the pressure of lubrication supply in the
gap between the bearing and the shaft are considered initial data. The result
of the calculation is the value of the resultant pressure force, applied to the
bearing segments. Summing the forces the value of the static load capacity
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can be found. For segments that may spontaneously rotate about the joint
axis, described a method of calculating the rotation angle, at which the
main moment of pressure forces applied to the segment is equal to zero and
the segment’s position is stable.

Introduction

Today, the design of efficient and reliable bearings of
the modern turbo-machine has become a common
engineering problem, which implies the choosing of the
standard design solutions according to given conditions.

The need for detailed studies arises in cases when the
bearings are used under the special conditions: High or
low velocities, high loads, a large number of starts, non-
typical working environments (Bulat et al., 2013). In
addition, the development of the sleeve bearings usually
involves a detailed study of the rotor system dynamics.
Study of the dynamic behavior of sliding bearings
themselves is a collection of complex interdisciplinary
problems and lies in the joint solution of Reynolds
equation, which was first described by (Grassam and
Powell, 1964) and the dynamics equation of the
mechanical system, which includes a rotor and bearing
with a components of external compliance and damping
(Bulat and Uskov, 2012).

Mathematical Model

The main equation of hydrodynamic lubrication
theory-the Reynolds equation-has no general analytical
solution due to the nonlinearity. For its derivation the
equations of Navier-Stokes and the equations of
continuity, state and energy balance are used (Sfyris and
Chasalevris, 2012).

For the turbulence model during calculation the
standard laminar model is used most often (Bulat ef al.,
2012). The boundary of a laminar flow’s existence is
defined by shaft rotation speed at which the flow in the
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lubricating layer a stable and ordered. Stability of the flow
between two coaxial cylinders was studied by Taylor
(1923). Then (Schlichting, 1974) formulated stability
criterion which was determined by Taylor constant:

1, =Yt s
v

Where:

u,; = Critical speed-the rotational velocity at the shaft’s
surface, at which a flow with Taylor vortices occurs

H = The radial gap size

V = The kinematic viscosity from whence

The analysis shows that for the vast majority of
practical cases the velocities inside the bearings are
significantly lower than u,,:

T v _ 41,3v
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It should also be noted that the flow with Taylor
vortices at T,>41,3 is ordered and not turbulent.
Developed turbulent flows can occur in non-loaded
bearing areas, as well as in local elements (grooves,
edges, holes).

uC

Calculation Procedure

As a result of solving the direct problem for different
variants of the lubricating layer a main resultant of
pressure forces in the layer, as well as the lubrication
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consumption are determined. Constantinescu (1963)
suggested the use of a stationary model of lubrication,
which is still commonly used for similar calculations.
But the problem can be non-stationary as well and
heat exchange with the surrounding components can
be taken into account.

The general methodology for performance of the
checking calculations was described first by
(Schlichting, 1974). For adopted bearing constructive
the preliminary parameters are appointed-the pressure in
the bearing cavity P,, the allowed minimum gap Hy;,, the
average gap in the segment H, (Fig. 1a) or the average
gap in full-scope bearing-c.

In solving the direct problem the bearing’s geometry
is given constructively. The diameter of the shaft and
bearing length are limited by feasibilities of the knot’s
placement, as well as by the limit of the rotational
velocity, which is set not higher than 80 m s™' for the
radial bearing and 100 m s™' for the periphery of the
axial bearing (for oil bearing).

A three-dimensional model of the lubricating gap and
surrounding components is created. The models differ from
each other by the parameters of the lubricating gap. For
example, for the full-scope bearing they are defined by
multiple values of the eccentricity e in the range of the
average gap variation from Hy,, to c. For radial segmental
bearing H, varies from Hy,;, to 2¢-Hpin.

For segmental bearings the models are created with
different wedge-shaped gap (often two models with
different sizes of the output gap H,,, are sufficient for
one Hy value). Solution is made for each variation of
the lubricant gap’s geometry at the nominal rotation
velocity of the rotor.

Then, the model, fully composed according to the
steps above is forwarded to the grid generator, where a
hybrid calculating grid is formed. The boundary
conditions for the bearings’ calculations are usually
reduced to the condition of sticking at the walls and
defining the pressure of the undisturbed flow in the
respective sections. For this the method of creating
artificial attached volumes is widely used.

The results are processed by the postprocessor, the
pressure and velocities functions are visualized (Fig. 2)
and the main resultant of the pressure forces, the moment
relatively to the center of the joint and lubricant
consumption are determined (Fig. 3).

When under no load the segments arrange
concentrically to the axis of the shaft. The shaft is displaced
relatively to the support’s center under the influence of
external force. As a result, the average gaps in the segments
become different. At the place, where the gap is minimal
the greatest pressure forces arise in the lubricating layer.

On the contrary, the lowest forces arise where the
gap is largest.

The vector sum of the forces from all segments is
the overall reaction of the bearing, which compensates
the external load.
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Calculation of the Stable Position for Self-Aligning
Segments

Segments transmit the load to the body via the
joint. Joint allows the segments to rotate about the
center under the influence of hydrodynamic forces
and take the position of equilibrium when the rotation
moment becomes zero M, = 0. To find a stable
position of segment for each of the current average
gap H,, pressure field for two variants of the output
gap H,, are calculated.

As the result of calculating all of the variants the
following parameters are determined:

e Rotation moment at the center rotation, applied to
the segment

Lubrication consumption at the entrance of the
segment

The resultant of the pressure forces, applied at the
segment

According to the calculations data, the diagrams of
the moments and forces, depending on the output gap
Hy for each current gap H, are plotted. Then the
diagram of dependence of the forces, which are applied
at the segments on of the current gap size when the
segment is in the equilibrium position are plotted (Fig.
4). Using these diagrams, by the method of linear
interpolation the output gap Hy, at which the
equilibrium position of the segment occurs and the
resultant of pressure forces Fg, applied at the segment in
such position are determined (Fig. 5). Load capacity of the
bearing is, in general, determined by vector addition of the
resultant forces, which occurs in each of the segments.

Determination of Bearing Load Capacity

Static load capacity of segmental bearing, as well
as the stiffness’ dependence on the eccentricity,
derived from it are determined for constant or slowly
changing loads (Beschastnykh and Ravikovich, 2010).
When the shaft’s center is displaced from the
concentric position relative to the bearing by the value
of eccentricity e, a certain gap Hi is created at each of
the segments (Fig. 1b). When calculating the gaps for
several values of the relative eccentricities, the
resultant of pressure forces Fki is obtained for each of
them (Fig. 4) and then the load capacity of the bearing
is determined. Results of load capacity calculation are
shown in Fig. 5.

If the segments can spontaneously rotated about
the joint’s axis, then theoretically there are two
limiting cases: The resultant force passes through the
axis of the joint or through the gap between two
adjacent segments. Respective load capacities are
shown in Fig. 5 in red and green.
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segment rotation

Fig. 1. Scheme of a bearing a-The segment, b-distribution of the clearances in the bearing
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Fig. 2. Plots of pressure in the lubricating layer of the segmental bearin
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Fig. 3. The results of moments and forces calculations
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Fig. 5. Static characteristic of the segmental bearing

Features of the Calculation of Dynamic Modes

Vibrational loads, typical for turbo-machinery have
the values of vibration velocities are by three orders of
magnitude lesser than the rotation velocity of the shaft,
which allows to omit them when calculating the static
characteristics. In case of using gases as a lubricant the
effect quickly increasing load has little influence on the
form of characteristics, so for the analysis of rotor’s
dynamics the calculations of the bearing’s static
characteristics are performed on intermediate loads. The
resulting dependences are interpolated and used later in
the analysis of the rotor system dynamics.

In the case, when the lubrication is incompressible,
the situation is different. Under the influence of rapidly
growing loads the pressure in the lubricating layer rises
much faster due to the growth of the fluid velocity,
flowing out of the gap as a result of compression. In the
limit, with infinitely rapid growth of the load, the
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incompressible fluid in the gap behaves as a solid matter.
Thus, the calculations of dynamics and liquid lubrication
layer must be performed together.

Findings

. static

A general method for -calculating the
characteristics of sleeve bearings is proposed
Recommendations on the creation of calculating
models and on the assumption of the boundary
conditions for the formulation of the problem
regarding the study of the flow in the lubricating

layer of the sleeve bearing was worked up

Conclusion

To determine the load capacity of the bearing and
the stiffness of its lubricating layer the movement of
the rotor is considered quasi-stationary, i.e., the
characteristic gap between the bearing’s segment and
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the surface of the shaft changes slowly. Changing the
eccentricity of the shaft’s position leads to a change in
the characteristic gaps they become different for each
of the segments. Specifying the sequence of
eccentricities, the main moment and the resultant of
pressure forces, applied to each segment are. The
summation of these forces gives the value of the
bearing’s load capacity at the given pressure of the
lubrication supply and the given eccentricity.
Interpolating the obtained values, the dependence of
load capacity on the average gap size is plotted. If the
load is known, equating it to the capacity values, the
position of the shaft in the bearing is obtained.

When self-aligning segments are used in bearing’s
construction, it is additionally needed to determine the
angle of rotation about the axis of the joint, at which the
position of the segment will be stable. To do this, a
series of calculations at different angles of rotation
segment are made and this allows to find the angle, at
which the main moment of the forces is equal to zero.
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