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Introduction

When choosing thrust sliding bearings, it is necessary to consider the peculiarities of the operation of
rotary machines. During the operation of turbine, compressor, turboexpander, pumping and other equipment,
conditions of axial instability of the rotor may occur, which may be caused by non-stationary axial load, axial
vibration, and off-design operation. At high axial loads on the rotor, there is a significant axial displacement of
the bearings due to the pliability of the leveling systems, subsidence of the pads in the places of their contact,
which leads to unauthorized stops due to blocking of axial displacements [1]. The axial drawdown of the rotor
negatively affects the efficiency and vibration state of dynamic equipment, especially in machines with flow
paths with narrow rotor and stator channels and especially with a back-to-back arrangement of steps. The
suboptimal position of the rotor relative to the stator accelerates the process of fatigue failure of impellers oper-
ating near the surging mode, leads to an increase in axial vibrations and forces and, as a rule, to premature wear
and further failure of the thrust bearing and emergency shutdown of dynamic equipment.

Seeing the above, the urgent task is to create thrust bearings to eliminate the disadvantages of me-
chanical balancing systems.

Literature Review

When designing modern thrust bearings, it is necessary to consider the requirements of technical
standards, such as API-617 [2], according to which it is necessary to ensure 2-fold bearing capacity. Typi-
cally, during designing, this is achieved by increasing the radial dimensions of the bearings. When moderniz-
ing rotary equipment, such an opportunity is absent in most cases, therefore, other approaches and methods
are used to increase the bearing capacity of sliding bearings. Some studies and design solutions to increase
the bearing capacity are aimed at reducing the transfer of hot oil in bearings and using various methods of
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supplying oil under the bearing liners [3], using vortex grooves [4], using the structural sliding surface of the
liners [5—6], displacement of the support position relative to the center of the insert [7-8], etc.

Usually thrust bearings are misaligned. The reasons for the misalignment can be the temperature mis-
alignment of the unit caused by uneven lengthening of the foundation columns and different power and thermal
expansions of the rotor and stator, inaccuracies in the manufacture of bearing parts, as well as inaccuracies in
assembly during installation and repair. To balance axial loads, a Kingsbury lever system or a bearing equipped
with thrust pads with a spherical support is often used. The Kingsbury bearing is more complex in design and
has large axial dimensions, a large axial load on the lever system will lead to axial deformation and subsidence
from mechanical abrasion of the bearing elements. [7]. Spherical bearing alignment is ineffective under bound-
ary friction conditions [9].

When an axial driving force occurs, bearings can have large axial vibration and high noise levels. Struc-
tural damping of the leveler leveling system or any other mechanical system may not be sufficient to damp axial
vibration. Radial bearings use a damping hydrostatic oil film on the back of the liner to reduce radial vibration
[10—11]. Such a solution is effective both in transient and nominal operating modes of dynamic equipment.

During the operation of rotary machines, electrical discharge damage occurs to the bearing surfaces
of axial and radial sliding bearings [12]. Existing current collectors are not reliable enough and it is not al-
ways possible to install them in the equipment that already is under operation [13].

Purpose of Paper
When designing dynamic equipment, there arises the problem of the optimal choice of a thrust bear-
ing design that would satisfy the requirements:
1. Providing 2-fold bearing capacity in accordance with API-617;
. Small axial and radial dimensions;
. Providing highly efficient load balancing of load-bearing elements;
. Providing damping of axial vibrations;
. Noise reduction;
. Minimization of axial subsidence from the action of axial forces;
. Absence of axial subsidence from mechanical abrasion of the bearing element supports;
. Perception of axial forces during reverse rotation;
. Protection and signalling in case of electro-erosion effects by electrostatic charges;
10. Minimization of energy consumption;
11. Insurance of a long overhaul period;
12. Simple and fast service.
Since today none of the known designs of thrust sliding bearings fully meets these requirements, the
authors set themselves the goal of creating thrust bearings that would most fully meet all the requirements for
choosing an optimal design and significantly surpass the characteristics of traditional thrust sliding bearings.

O 031N L Wi

Self-Generated Fluid Pivot and Work Experience with Thrust Bearing
Engineers of TRIZ, which has experience in solving problems of modernization of bearing assemblies,
considered the possibility of using part of the oil wedge pressure to form a hydrostatic suspension (fluid pivot)

of the pad as a promising direction to , A 345
prevent subsidence of mechanical bear- N
ings and uniform distribution of the load
over thrust pads. 17
Since the 1990s, development of L
a hydrostatic fluid-supported bearing has
begun. Thus, during the modernization of L
the thrust bearing of the high-pressure
housing of the Babetta compressor manu- Kl
factured by CKD Praha, TRIZ has devel-
oped a thrust bearing design with self- | Fig. I. Thrust bearings with self-aligning pads on hydrostatic suspension:
aligning pads on a hydrostatic suspension | 1 —shaft; 2 — thrust disk; 3 — separator; 4 — safety support; 5 — case; 6 — pad;
(Fig. 1). The principle of operation of this 7 — scraper; 8 — elastic element; 9 — hydrostatic pocket; 10 — transfer hole
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bearing consisted in the fact that during
its operation, each thrust pad rests on a
self-generated hydrostatic film, which is
created as a result of the selection of a
part of the Iubricant flow of the hydrody-
namic lubricating layer on the working
surface of the pad. At the same time, hy-
drostatic pressure is created in the pocket
made on the back of the pad.

Since it was not possible to test
this design, the development of such a

bearing had had to be postponed indefi- ‘ : : 5
nitely. After the creation of a test bench 4 L3 \7 1

for sliding bearings, work on the creation ' -

of thrust bearings with self-aligning pads Fig. 2. PUR thrust bearing with leveling lever system:

on a hydrostatic suspension, which would

1 — lower lever, 2 — upper lever, 3 — roller, 4 — thrust pad; 5 — scraper

most fully meet all points of the requirements for an optimal choice, was resumed. Since September 2019, this

direction has been intensively developed at TRIZ [14].

Nowadays the greatest bearing and leveling capacity is possessed by a thrust bearing design with a
PUR leveling lever system (Fig. 2), where rollers are installed between the levers, which allows to replace
sliding friction with rolling friction. This constructive solution improves the efficiency of the bearing align-
ment system [15]. Oil scrapers installed between the pads effectively remove and drain hot oil from the pre-
vious pad, as well as direct the supply of cold oil through the scraper into the bearing layer. The scraper is
made of wear-resistant, anti-seize and electrically conductive material that allows the electric charge of rotor
currents to be transferred through it to the bearing housing, excluding the flow of current through the bearing
pads, preventing their electroerosive destruction. Thus, the PUR axial bearing meets the requirements of
items 1, 9, 10, 11, partly of items 2, 3, 8, 12 and does not correspond to items 4, 5, 6, 7.

Thrust Bearing with Self-Generated Fluid Pivot and Hydrostatic Load Equallzatlon

To eliminate the disadvantages and preserve all
the advantages of a thrust pad bearing with a mechanical
support and an equalizing lever system PUR, a thrust
damper bearing using the hydrodynamic pressure of an oil
wedge to form a fluid (hydrostatic) pivot of the bearing
pads — PUD with a fluid pivot was developed [14].

This is realized by the overflow of a part of the lu-
bricant from the hydrodynamic wedge into the pocket on
the back side of the pad, which leads to the formation of a
hydrostatic pressure plot on it, under the action of which the
pad floats up on the fluid pivot and is installed in space in
such a way until an equilibrium of forces and moments oc-
curs (similar to a pad with mechanical support).

The use of this bearing design (Fig. 3) eliminates
mechanical supports from the bearing design, thereby
eliminating additional axial subsidence due to crushing of
the contacting bearing surfaces. The elimination of me-
chanical supports also reduces the axial and radial dimen-
sions of the assembly.

The formation of a hydrostatic layer of oil in the
bearing on the back of the pad provides additional noise
suppression and damping, which reduces axial vibration
and rotor swing.

Direction of rotation

Fig. 3. PUD Thrust bearing with self-aligning pads on
a fluid pivot:
1 — pad; 2 — hydrostatic pocket

Fig. 4. PUDS thrust bearing with self-aligning pads
with a spherical thrust on a fluid pivot:
1 — pad; 2 — bearing ring; 3 — hydrostatic pocket;
4 — annular groove; 5 — spherical surface
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To ensure stable operation of the rotor, under the condition of uneven load on the bearing elements and
the elimination of axial force subsidence of the mechanical alignment system of the bearing, TRIZ engineers
have developed a thrust damper bearing supported on a bearing ring with a spherical stop on the bearing hous-
ing through a hydrostatic support — PUDS with fluid pivot (Fig. 4).

Between the spherical surfaces of the bearing ring and the body, grease is supplied from a pocket on
the back of each of the pads. When the bearing receives axial force, part of the oil from the hydrodynamic
wedge flows through the hydrostatic pocket of the pad into the annular groove on the spherical surface of the
bearing ring. A hydrostatic pressure plot is formed between the spherical surfaces, which allows the spherical
surface of the bearing ring to float on the bearing oil layer and establish (turn) in the desired position when ex-
posed to uneven load on the pads. This design allows to assure even greater noise reduction and greater damp-
ing, as well as the ability to equalize the load between the bearing pads, which has no analogues, while the un-
evenness of the temperature field on the bearing pads is up to 2 °C.

In comparison, the perfect PUR mechanical leveling system achieves unevenness up to 6 °C (for com-
parison, in the Kingsbury mechanical leveling system, unevenness reaches 40 °C). When using traditional lever
leveling systems, the temperature difference between the maximum loaded and the minimum loaded pad
reaches 40 °C [9]. At a temperature of the minimum loaded pad of 110 °C (the maximum allowable temperature
for pads with an antifriction Babbitt layer) [16], the temperature of the maximum loaded pad can be 150 °C.

Thus, the choice of a PUDS pad bearing with a fluid pivot will more effectively reduce axial vibration,
ensure the axial stability of the rotor, and effectively redistribute the force on the bearing pads when the axial
load is uneven.

To ensure stable operation of the rotor under the con-
dition of uneven load on the bearing elements, as well as an
additional reduction in the axial size of the axial support, engi-
neers of TRIZ have developed an annular segment thrust
damper bearing with an abutment of the support ring against
the bearing housing through a spherical surface on a hydro-
static support — PUDSK with fluid pivot (Fig. 5).

The spherical surfaces of the bearing ring and the
body are lubricated from the wedge-shaped segments. When
the bearing accepts axial force, part of the oil from the hydro-
dynamic wedge of the bearing segments flows through the
holes in the bearing ring into the hydrostatic pockets on the
spherical surface of the bearing ring. A hydrostatic pressure
diagram is formed between the spherical surfaces, which al-
lows the spherical surface of the bearing ring to float on the
bearing oil layer and establish (turn) in the desired position
when exposed to uneven load on the pads.

This design, like the fluid pivoted PUDS pad design,
provides the assembly with additional noise reduction and ad-
ditional axial damping, as well as the ability to equalize the
load between the bearing wedge segments.

All three types of liquid-seated thrust bearings have 2
to 3 times fewer parts than a mechanically-seated PUR linkage | Fig. 6. PUDS bearing on a fluid pivot (a) and

bearing, which simplifies and shortens assembly time (Fig. 6). PUR bearing with mechanical support and
lever levelling system (b):
a— 51 parts; b — 109 parts

Fig. 5. PUDSK annular thrust damper bearing
with a spherical thrust on a fluid pivot:
1 — bearing ring with segments; 2 — bearing housing;
3 — hydrostatic pocket; 4 — spherical surface

Bench Tests of the Bearing

At the bench of the TRIZ LTD company (Fig. 7), tests of 3 types of design of bearings with fluid piv-
ots were carried out. For comparison, a thrust bearing with a PUR leveling lever system was also tested in the
same overall dimensions.

Bench parameters during the experiment:
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— Rotation speed — 1500-5000 rpm;

— Oil supply pressure — 1.2 bar;

— Oil consumption through the bearing — 75 1/min;

— Oil supply temperature: 40-43 °C;

— Axial force on the bearing: 5-70 kN;

— The place of installation of the temperature sensor in the
pad/segment is a thermally loaded zone near the exit from the pad,
in the direction of rotation;

— The place of installation of the pressure sensor is the cav-
ity of the hydrostatic pocket on the back side of the thrust pad;

— The location of the shaft end displacement sensor is the
thrust bearing end cover.

Additionally, bench tests were carried out under condi-
tions of increased vibration caused by a radial displacement of
the axes of the bearing rotor shaft and the drive shaft by 0.2 mm.
In conditions of increased vibration, the vibration velocity was

measured on the bearing housing.

Experiment results graphs are
presented in Fig. 8—11.

As can be seen from the test re-
sults, the temperature conditions of the
bearings are comparable (Fig.8). The
small temperature difference at high
load conditions of 60—70 kN is due to
the presence of additional damping in
the PUD, PUDS, PUDSK bearings and
the conversion of the absorbed energy
of axial vibration into heat. The axial
displacement (axial settlement) of the
three liquid-supported bearings is sig-
nificantly less than that of a mechanical-
supported bearing with a lever leveling
system, due to the absence of this sys-
tem in liquid-supported bearings.
(Fig. 9). The minimum axial displace-
ment is observed in the annular segment
thrust damping bearing PUDSK with a
fluid pivot. This is due to the lack of
self-aligning pads and additional liquid
(hydrostatic) support on the back of the
pads. Recordings of the pressure in the
hydrostatic pockets/groove (Fig. 10), as
well as the movement of the shaft
(Fig. 9), confirm that on the reverse side
of the PUD bearing pad and on the
spherical surfaces of PUDS and
PUDSK bearings, a hydrostatic pressure
plot is formed, under the action of
which the ascent and installation of
bearing elements (pads and rings) when
rotating the thrust disk occurs. Tests
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under high vibration conditions |
(Fig. 11) showed that the vibration ve-
locity in the direction of the bearing
axis, measured at the housing, is lower

for all three fluid-seated bearings than PUDSKC with a fluid
. . . 2 pivot
for a mechanical-seated bearing with a | =, I I '

PUR linkage system. Below is a table of ot
the reduction in the level of axial vibra- 3000prm; 35 ‘4000 tam, 35 4000 tem; 50 ‘“““"’;" ‘ ‘“‘“‘;:’,"‘ 5075000 rom; 60: 5000 rom; 75

tion velocity for bearings with a fluid Testmode

pivot compared to a bearing with a PUR
lever system (Table 1).

The decrease in the level of vi-
bration velocity is associated with the
presence of additional damping in the
liquid bearings. This is especially ob-
served in modes of increased vibration
(system resonance) with a high axial force. The most effective damping is observed in the PUDS bearing,
which is associated with the presence of two fluid pivots: on the back side of the pads and on the spherical
thrust surface.

Repeatability of experimental results was ensured by numerous tests. The differences between the
results of individual experiments were 1-6 percent.

Thrust sliding bearings with self-generated hydrostatic supports are recommended for use in new designs
of rotary equipment, as well as in the modernization of operated equipment in order to increase the overhaul, re-
duce the time of routine maintenance, improve the reliability and efficiency of equipment due to a higher specific
bearing capacity, effective damping, the practical absence of axial drawdown from force action.

Thrust sliding bearings with self-generated hydrostatic supports are recommended for use in new de-
signs of rotary equipment, as well as in the modernization of operated equipment in order to increase the over-
haul, reduce the time of routine maintenance, improve the reliability and efficiency of equipment due to a
higher specific bearing capacity, effective damping, the practical absence of axial drawdown from force action.

PUR with a mechanical
support

W PUD with afluid pivot

Fig. 11. Comparison of the values of vibration velocity measured
on the bearing housing

Table 1. Decrease in the level of axial vibration velocity
in comparison with PUR

PUD PUDS PUDSK
1-1.5 times | 1.03-2.1 times | 1.07-1.67 times

Conclusion

To meet the requirements for selection of the optimal thrust bearing design, PUD, PUDS and
PUDSK fluid-pivoted thrust bearings have been developed, manufactured and successfully tested using the
hydrodynamic pressure of an oil wedge to form a liquid (hydrostatic) support of the bearing and load-
balancing elements. Such designs best meet the requirements for choosing the optimal thrust bearing. They
eliminate the disadvantages of mechanically supported thrust bearings with a PUR mechanical leveling sys-
tem. The developed original technical solutions made it possible to reduce: subsidence (axial displacement
under load), the number of parts by 2-3 times, axial dimensions, noise, axial vibrations up to 2 times, while
maintaining a high bearing capacity, raised to a high operational the level of reliability, efficiency, turn-
around time of dynamic equipment.
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YnopHi milIINNHAKA KOB3aHHSA 3 CAMOT¢HePOBAHNMH TiIPOCTATHYHHMY ONIOPAMH
B. C. Mapunnkoscbknii, K. 0. JIro04enko, A. O. IIpoxonenxo, A. /1. JIazapenko
TOB «TPI3» JITH, 40020, Ykpaina, m. Cymu, Bys. MamuroOyAiBHUKIB, 1

Y ecmammi pozensinymi nedonaiku pobomu 8ucOKOHABAHMANCEHUX YNOPHUX NIOWUNHUKIE KOB3AHHS 3 MEXAHIY-
HUMU CUCIEMAMU 8PIBHOBAIICEHHS, AHANOLIYHUMU cucmemi 8pisHogavicyeants Kinecoepi. Cghopmynvosani sumocu 00
KOHCMPYKYIL YNOPHUX NIOWUNHUKIE KOG3AHHS, WO BI0N0GI0AI0Mb CYYACHOMY DIGHIO PO3GUMK)Y OUHAMIYHO20 00IAOHAH-
H3l, [ po3po6ieni cnocobu 1 Memoou ix UPIWEHHS. 3 MEMOoI 6UOOPY ONMUMATbHOT KOHCIMPYKYIL YROPHUX NIOWUNHUKIE
OJ151 YCYHEHHS HeOOMIKI8 YNOPHUX NIOWUNHUKIE 13 MEXAHIYHUMU CUCMEMAMU 8PIGHOBANCEHHS. 3aNpPONOHOBAHO KOHCTPY-
KYii YROPpHUX NIOWUNHUKIG 13 UKOPUCMAHHAM 2iopocmamuynoi onopu. Posensnymo cyuacny konempykyito niowuntu-
Ka, pospobneny gipmoro TOB «TPI3» JIT/ i3 mexaniunumu onopamu Hecyuux KOJI0OOK, Wo HAubinbule 8i0nN0gioae 6u-
MOo2am ONMUMATLHO20 8UOOPY NICWUNHUKA, 3 iT nepesazamu U HeOONIKAMU, NPUMAMAHHUMU 8CIM MEXAHIYHUM cucme-
mam. Tlpeocmasneni pezyiomamu pooim TOB «TPI3» JIT]] i3 cmeopenus ynopuux niOwunHuKie Ko83aHus i3 3amMiHo0
MeXauiuHoi onopu U MexauiuHo2o 8PIBHOBAIICEHHS YNOPHUX eleMEeHMI6 HA CaAMO2eHepPO8ani 2i0poCmamudti onopu 3
BUKOPUCTMAHHAM MPAOUYILHUX wmamuux maciocucmem. Ilputinami 1 peanizosani opucinaibHi mexHiumi pilueHus 00-
360UNU, NPU 3a0e3neyeHHi HeCyuoi 30aMHOCMI CYYACHUX YROPHUX NIOWUNHUKIG, 3MEHUUMU NPOCIOaHHA (0Ccboge 3Mi-
WenHs ni0 HABAHMANCEHHAM), 30LTbWUMU OeMNPYBAHHA 0CbOBUX BIOpayiti 00 2-X pa3ig, 3meHuumu K KilbKicmob Oe-
manei y 2-3 pasu, max i eabapumu, 3nusumu wym. Haseoeno xoncmpyxyii pospodaenux ynopuux niouwuntuxie Kos-
3aHMs, WO HAUOLIbUE 300080IbHAIOMb GUMOSAM ONMUMAILHO20 GUOOPY KOHCMPYKYIT YROPHO2O NIOWUNHUKA, | NOpI6-
HAIbHI XAPAKMePUCMuKY, OMPUMAaHi npu ix eunpodyeanHi Ha NIOWUNHUKOBOMY CMEHOL. YNopHi NiOWUNHUKY KOB3AHHS
3 CAMO2EHePOBAHUMU 2IOPOCMAMUYHUMYU ONOPAMU PEKOMEHOYEMBCS BUKOPUCOBYBAMU NPU HOBUX PO3POOKAX POMOp-
H020 00JAOHAHMS, A MAKOJC NPU MOOEPHI3aYil yCmamKy8anHs, wo eKCuiyamyemoscs 3 Memoio 30LNbueHHs MIdNCpemo-
HMHO20 NPoOIcy, CKOPOUEHHSL UACY Pe2laMeHMH020 00CIY208Y8alHsl, Ni08UWeHHs HAOTUHOCMI U egheKmugHocmi 06aao-
HAHHA 34 PAXYHOK Oinbuloi numomoi Hecy4oi 30amuocmi, egpekmugro2o demnghy8anHs, hakmuiHo20 0Cb08020 3MiljeH-
HAL 8i0 CUTI08020 8NIUBY.
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Knwouogi cnosa: pomopmi mawiunu, YnopHutl niOUWUNHUK KOG3AHHS, 0Cb08e NPOCIOaHHs, 0eMnyioua 30amHuicm,
2iopocmamuuna onopa.
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