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Abstract Multilobe journal bearings are applied in different types of rotating machines such as, e.g.
turbounits. The design of such bearings assures proper load capacity, thermal conditions of oil film and
stability of the operation of responsible turbounits. However, the design of these bearings can be changed
by application of lobes with different geometries. It allows obtaining new family of the dynamic
characteristics. The paper presents the multilobe journal bearings with 2- and 3-lobes characterized by
different geometry of lobes. The dynamic characteristics in form of the stiffness and damping coefficients
of oil film were obtained by perturbation method. Stability ranges of simple symmetric rotor were
determined for considered bearings. The iterative solution of Reynolds, energy and viscosity equations
allows the obtaining the oil film forces, which were the basis of the bearing dynamic characteristics.
Adiabatic, laminar oil film and the static equilibrium position of journal were assumed.
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1. Introduction

The demands of power industry are for very durable and reliable turbounits, which fulfil simultaneously the
requirements of shortest time of overhaul and maintenance [1-5] to assure their maximum disposability. The
development of turbounits and requirements in achieving higher efficiency and the reduction of costs yields
to higher rotor weights and consequently to enlarged specific bearing loads. Finally, the bearings can become
the limiting factor for the turbine design and for the efficiency of the turbo generator set. Current status and
aim of development of turbounits journal bearings are presented in Fig. 1 [3].

In large multistage turbo generators the journal bearings have the basic effect on the reliability and
durability of these machines [3, 4]. The rotors of these units operate mainly in 2- and 3-lobe journal
bearings, which assure the operation of turbounits at the assumed temperature and minimum friction loss.
The application of these bearings causes the operation at the correct vibration frequency of shafts line and
the largest resistance against the accidental external loads that generate the unstable behaviour of the rotor.
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Figure 1. Current status and aim of development of turbounits journal bearings.

The investigation into new types of 2-lobe journal bearings of turbo generator [3] points out on the
increase in the bearing load capacity. Such bearing should meet the rotor dynamic criteria, be
interchangeable with existing bearings and the friction losses as well as the lube oil supply requirements
should be maintained. The paper [3] provides information on theoretical and experimental studies aimed
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at obtaining optimal working conditions of 2-lobe turbo generator bearings by introducing design changes.
There are no data on the design of the tested bearings, however it was found that the introduced changes
reduced the resistance to motion by 25%.

For ensuring the reliable operation of the bearing and rotor-bearing system it is important to know its
static and dynamic characteristics which are also affected by the bore profile of bearing sleeve. An example
of the effect of different bore profile of 2- and 3 lobe bearings on the power loss is shown in Fig. 2 [4, 6].
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Figure 2. Power loss of two types of two types of 2- and 3-lobe journal bearings
versus Sommerfeld number.

Figure 3. Multilobe journal bearings with the lobes of different geometries: a) 2-lobe (P OF),
b) 2-lobe (OF M), c) 3-lobe (M P C), d) 3-lobe (M C OF); Symbols: C - cylindrical,
M - classic (discontinuous), P - pericycloid (continuous), OF - offset.

New dynamic properties of multilobe journal bearings can be obtained by application in one bearing [4,
7, 8] the lobes with a circular, classic multilobe, pericycloid profile. The design of such a bearing with the
lobes of different geometry (Fig. 3) may provide e.g. different temperature conditions of the lubricating film,
a change (reduction) of the resistance to motion (friction losses) and new dynamic characteristics.

In journal bearings the knowledge of the static characteristics allows determining the dynamic
characteristics, which are expressed by the stiffness, and damping coefficients of the lubricating film and
stability ranges of assumed rotor [1, 9, 10].

This paper presents the dynamic characteristics of multilobe journal bearings with the lobes of different
geometry. The equations of Reynolds, energy and viscosity were solved numerically using finite differences
method. It was assumed laminar, adiabatic oil film, and parallel orientation of the axes of journal and sleeve
and the conditions of the static equilibrium positions of journal. The dynamic characteristics in form of
stiffness and damping coefficients of oil film were obtained by perturbation method. Stability ranges
of simple symmetric rotor operating in considered journal bearings were determined, too.
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2. Geometry of the oil film of comparable, multilobe journal bearings with the lobes
of different geometry

Typical multilobe (classic) journal bearing is composed of single circular sections whose centres of
curvature are not in the geometric centre of the bearing (Fig. 4). The geometric configuration of the bearing
as a whole is discontinuous and not circular. The multilobe pericycloid journal bearings (“wave bearings”
[4] is characterised by continuous profile and multihydrodynamic oil films.

On the assumption of the parallel axis of journal and bearing sleeve, the geometry of oil film gap of
multilobe journal bearing (Fig. 1) is described by

H(p) = H,(p) — ecos(p — a), €Y

where: H = h/(R — r) - dimensionless oil film thickness, h - oil film thickness (m), R, r - sleeve and journal
radius (m), « - attitude angle (°), ¢ - relative eccentricity, ¢ - peripheral coordinate (°). The first term of
this equation gives the geometry of multilobe bearing [4, 9].

Multilobe and pericycloid geometries are described by the equations:

Hyi (@) = ¢gi + Y5 — 1) cos(o — vy, (2)
Ap(@) = X'[1 + cos(ny9)], 3)

where: y — angle of lobe centre point (°), y — lobe relative clearance, A — pericycloid relative eccentricity,
np — multiply of pericycloid.

Cylindrical and multilobe profiles in journal bearings can be combined to give new designs that allow
the increase in e.g. the rotational speeds of rotor [6, 11, 12]. Considering the basic four types of bearing
profiles, i.e. cylindrical C, multilobe M, pericycloid P and offset OF it is possible to obtain 16 and 64 variations
of bearings for 2- or 3-lobe, respectively [4]. Figure 5 shows the oil film thickness of bearing with the lobes
of different geometry: 1 - multilobe, 2 - cylindrical, 3 - offset.

a)

Figure 4. Geometry of 2- and 3-lobe journal bearings: a) 2P and 2M, Ru1,
Ri2 - radius of lobe 1 and 2, respectively, b) 3P and 3M; Op, O1,2, O; - centre of sleeve,
lobe and journal, Ry - radius of pericycloid; 1, 2, 3 - number of lobe. ;
H. nin» H: max -~ minimum and maximum oil film thickness in central position of journal.
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Figure 5. Oil film thickness of journal bearing with the lobes of different geometry:
1 - offset, 2 - cylindrical, 3 - multilobe.
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3. Stiffness and damping coefficients of oil film

The equations of motion for the journal and the centre of elastic shaft [1, 10, 12] are given in the matrix
form by

Mx + Bx + Cx = 4 cos(wt) + b sin(wt), (4)

where: M, B, C - matrices of mass, damping and stiffness, 4, b - coefficients of dynamic constraints.

After transformations of Eq. (4) the real and imaginary part was obtained [10]. The stability of elastic
rotor-bearing system is analysed based on the following characteristic frequency equation of 6th order with
regard to (1/w) [12, 13]:

ceA® + A5 + A + 323 + A2 + A+ ¢y = 0. (5)

The assumption of the solution of Eq. (5) is 4; = -u; + iv; (1 <j £ 6), with u as damping and v representing the
self-vibrations. Stability of the linear vibrations of the system occurs only when all real parts of eigenvalues
Jjare negative. The coefficients co through ce in Eq. (5) are the functions of ao, bo, gix, bik:

Co» C1y -+ €6 = [ (@, bo, Gik» birc), (6)

where:
ao - ratio of angular velocity wto the angular self-frequency of stiff shaft, ao = (@/ ax)?,
¢ - angular self-frequency of stiff rotor, w, = \/c*/m,
bo - ratio of Sommerfeld number to the relative elasticity of shaft, bo= So/cs,
c" - shaft stiffness (Nm-1),
cs — relative elasticity of shaft, ¢s = f/AR = g/(@2AR),
f - static deflection of shaft (m),
F - resultant force of oil film (N),
Fistar — static load of bearing (N),
g - acceleration of gravity (m-s2),
gik - dimensionless stiffness coefficients, gik = So(AR/Fstat),
g'ik - stiffness coefficients (N/m),
bik - dimensionless damping coefficients, bik = So(AR/Fstat) @ b'ix,
b’ik - damping coefficients (Ns/m),
m - mass of the rotor (kg),
So - Sommerfeld number, So = F-y2/(L-D- 1 @).
The coefficients of the characteristic frequency equation of 6th order [4] depend on the stiffness g and
damping bik coefficients, Sommerfeld number So, relative elasticity of shaft c¢s and the ratio of angular
velocity to the critical angular velocity of stiff rotor. As the result of transformations, the expression

determining the ratio of boundary angular speed (2 to the critical one, ax, and the stability of rotor, has the
form [1, 4, 12]:

Q2 1 A, A3
We 14 bo% AT+ A1 Az A, + ApAS (7)
1

where: Ao, A1, ..., A2 are the combination of four stiffness gik and four damping bix coefficients.

4., Results of calculations

The dynamic characteristics comprising the stiffness and damping coefficients as well as the stability
regions of simple symmetric rotor are presented in Figs. 6 - 13. It was assumed that the bearing length to
diameter ratios are L/D = 0.5 and L/D = 0.64 as well L/D = 0.8; for the first ratio the bearing relative
clearance was y= 1.5%o with different lobe relative clearances, for the second ratio = 1.8%o with the lobe
relative clearance of considered profiles ys = 3 (M) and s = 1 (C), but in the case of third ratio it was
v =1.5%o0 and ys = 1.2 (for both profiles M and OF). The rotational speed of journal was 3000 rpm and the
feeding oil temperature To = 40°C.

Figures 6 - 9 present the stiffness and damping coefficients of 2- and 3-lobe lobe journal bearings with
the lobes of equal or different geometry. For the following stiffness coefficients (Fig. 6, 2-lobe) and the
ranges of the Sommerfeld number values, i.e. g11, g12, g21, g22 and So (0 - 0.009), So (0 - 0.32), So (0 - 0.18),
So (0 - 0.21), the coefficients of the bearing OFM are larger than the ones of bearing 2M. However, for the
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values larger than given above, the coefficients of both types of bearing are almost equal (e.g. Fig. 6,
coefficients g21).
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Figure 6. Stiffness coefficients of two types of 2-lobe journal bearings versus the Sommerfeld number.
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Figure 7. Damping coefficients of two types of 2-lobe journal bearings versus the Sommerfeld number.
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Figure 8. Comparison of experimentally [2] and theoretically [4]
obtained stiffness coefficients of 3-lobe journal bearing versus the Sommerfeld number.
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Figure 9. Comparison of experimentally [2] and theoretically [4]
obtained damping coefficients of 3-lobe journal bearing versus the Sommerfeld number.

Figure 7 presents the damping coefficients of two types of 2-lobe journal bearings. The damping
coefficients change in the following way: b11 - increases up to So = 0.14, next shows the decrease up to
So = 0.35, and from this value there is an increase for both types of bearings; b1 - increases up to So = 0.21
and from this value an increase is observed for both types of bearings, but for the OFM bearing b1: is larger
than for the 2M bearing; b21 of bearing OFM is larger than for the bearing 2M, but the coefficient of the OFM
bearing shows the decrease in the range So € (0, 0.15), and next it increases for both types of bearings; b2z
of bearing 2M is larger than for the OFM bearing.

The comparison of experimentally [2] and theoretically [4] obtained stiffness coefficients of 3-lobe
journal bearings is presented in Fig. 8 and Fig. 9; there is similar run of all coefficients. It certifies the right
assumptions and method of computation, that were applied in theoretical work [4].

The stability ranges of simple symmetric rotor operating in different type of 2- and 3-lobe lobe journal
bearings versus the critical Sommerfeld number Sok = So- @/ @ are shown in Figs. 10 - 13 respectively. The
coefficient tgr(e.g. see Fig. 10) is the measure of stability properties of bearings [2, 4]. Larger values of angle
rmean the larger range of stability, i.e. at assumed load of bearing there is a higher boundary number of
revolutions Q»/ e [13].
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Figure 10. Stability ranges of different types of 2-lobe journal bearings versus the critical
Sommerfeld number; the geometry of lobes: a) equal MM, b) different OFM.
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Figure 11. Stability ranges of different types of 3-lobe journal bearings versus the critical
Sommerfeld number; geometry of lobes: a) equal MMM, b) different MCM.
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Figure 12. Stability ranges of different types of 3-lobe journal bearings versus the critical
Sommerfeld number; geometry of lobes: a) equal MMM, b) different OFCM [5].

For the considered 2-lobe bearings, i.e. classic 2M and OFM, the stability of rotor and the run of curves
are similar (Fig. 10). However, considering different variations fact needs more computations and analysis.
Angle 7 of 2M bearing (Fig. 10a) is larger than for OFM one (Fig. 10b).

It results from Fig. 11 that the stability of rotor operating in 3-lobe (3M) bearings is better than in case
of bearing with the lobes of different geometry. The presence of cylindrical profile of bottom lobe causes
the decrease in stability; the cylindrical journal bearings are characterized by lower stability than the
multilobe bearings. Angle 7 of 3M bearing (Fig. 12a) is larger than angle r of OFM (Fig. 11b).

Figure 12 shows the results of the calculations of stability ranges of different types of 3-lobe journal
bearings versus critical Sommerfeld number: the first and second lobe with the pericycloid profile (1,2P 3M,
Fig. 12a) and the first offset, the second cylindrical and the third multilobe (OFCM, Fig. 13b).

In the case of 3-lobe bearings with different lobe geometries, the stability is better for the bearing that
includes the lobes with pericycloid profile (1,2P 3M, Fig. 12a) and for this bearing the angle 7 larger than in
the case of bearing with the lobes OFCM.
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4. Conclusions

The stiffness and damping coefficients of the oil film were determined for 2- and 3-lobe journal bearing of
turbounits. The geometry of the lobes of considered multilobe journal bearings was assumed as equal or
different. The characteristics obtained were used for the determination of the stability of simple elastic,
symmetric rotor. Investigation into the stability of high-speed journal bearings was carried out on the
assumption of equal or different geometry of bearings lobes.

Static and dynamic characteristics of the 2- and 3-lobe journal bearings of different lobes geometry can
be obtained from a developed program for numerical calculations. The results from the developed program
form the input data of the investigation and analysis of the stability of different types of multilobe journal
bearings.

It was stated that the different geometry of the lobes of multilobe journal bearings has an effect on their
static and dynamic characteristics and stability of rotor operating in such bearings. This fact gives new
possibilities in the investigations into the problems of high-speed bearings.
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