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Increasing the carrying capacity of thrust
bearings

BN NN N NN NS NN NN NN NN NS N NN NN NN NN NN NN NN NN NSNS N SN NN NS NN NN NN NN NN NSNS EEEEEEEEEEEN
Ouiubru npoekmuposaHusi, HecoeepuleHHble npous’eodcmeeHHbLe npoueccol, UsmMeHeHUue MmexHo/102UUeCKux pexxumos pa6ombL

mypbokomnpeccopos ebi3blearom ocessle cosuzu pomopa. ITosmomy 3adaua u320moeeHust NOOUUNHUKO8 8blCOKOIPPeKmUBHbLX
U Ha0exHbLX Msieu umeem 8arkKHoe 3HaueHue 8 Hacmosiuee epemsi. «TPH3» AT/] KomnaHust umeem onsim 8 paspabomke u MoOepHU-
3aUUU NOOUUNHUKOBbIX Y3/108, 06eCNeuu8aroU4UX UX 8bLCOKYIO 2PY30N00beMHOCMb U HadeskHocmb. B amotli ecmamee npedcmaenetol
Memoobl NO NOBLIUUEHUIO Hecyuiell CnocoOHOCMU U HAO0EIKHOCMU YNOPHBIX NOOUUNHUKO8 CKObIKEHUSL.

Knroueesle cnoea: ynopHsle NOOWUNHUKU, HECYWAsl CNOCOOHOCMb, MOAWUHA CA0SL MACAA, hompebieHue cmasku, MaKCUMATb-
Hast memnepamypa 2u0pPOOUHAMUUECKO20 KAUHA.

ITomunku npoekmysaHHst, HeOOCKOHAL BUPOOHUUL NPOUECU, 3MIHA MEXHOJ0ZIUHUX Perkumis pobomu mypboKomnpecopie 8UKAU-
Karomes 0cbo8i 3pyuleHHs: pomopa. Tomy 3a80aHHS. 8UOMOBNEHHS. NIOUUNHUKIE 8UCOKOeheKMUBHUX | HAOIIHUX Msi2U MAE AU~
ge s3HaueHHs1 8 daHull uac. «TPI3» AT/ KomnaHis mae 0ocsid y po3pobui ma modepHizauil niOUUNHUKO8UX 8Y3/i8, W0 3abe3neuy-
oMb ix 8ucCoKy eaHmaxconioliomHicms i HadiliHicmb. Y yili cmammi npedcmaenieHo memoou w000 nidsuUuLeHHs Hecyuol 30amHocmi
i HaodiliHocmi YnopHUX NIOUWUNHUKI8 KOB3AHHSL.

Knrouoei cnoea: ynopHuil NiOWUNHUK, Hecyua 30amHicmb, MOSUWLUHA WAPY MACAA, CNOXKUBAHHS MACMUNA, MAKCUMATLHA
memnepamypa 2i0poOUHAMIUHO20 KAUHY.

Design faults, imperfect manufacturing processes, change of technological operating modes of the turbocompressors cause axial
rotor shifts. Therefore, the task of manufacturing the high-efficient and reliable thrust bearings is important nowadays. TRIZ Ltd
Company has an experience in the development and modernization of the bearing assemblies providing their high load capacity and
reliability. The methods for increasing the load-carrying capacity and reliability of the thrust sliding bearings are disclosed in this

article.

the hydrodynamic wedge.

he constructive deficien-
I cies (errors), the imperfect
manufacturing techniques,
change of technological modes of
operation of turbochargers in the
gas, oil and gas, chemical and pet-
rochemical industry led to the axial
displacement of the rotors. Therefore,
along with an effective balancing of
the rotors, the calculation of the axial
forces in view of possible operating
conditions, improving the system of
removing of static electricity, secu-
rity systems and monitoring of axial
thrust, the task of creating a highly
efficient and reliable thrust bearing is
still relevant today.

"TRIZ" has experience in the de-
velopment and modernization of the
bearing assemblies that provide high
load capacity and reliability. Thrust
slide lever bearings design TRIZ®
used to replace the standard thrust
bearings of centrifugal compressors,
steam and gas turbines, generators,
pumps and other rotating equipment
satisfy the requirements of API 617.

This paper considers effective
design ways to increase the carry-
ing capacity of thrust bearings used
LLC "TRIZ":

1. The two circles of circulation
lubricant TRIZ®

2. The system of the rolling load
balancing TRIZ®;

3. The hydrostatic compensating

suspension TRIZ®;
4. The multifunction scrapers
TRIZ®;

5. Individual supply of the lubri-
cant;

6. The individual removal of the
lubricant;

7. Extension of the range of the
coefficient of efficiency of filling bear-
ing pads TRIZ®;

8. Protectors from the electroero-
sive destruction TRIZ®;

9. The hydrostatic unloading of
the thrust disk TRIZ®;

10. The radial cooling of the ther-
mally loaded zone of the pads;

11. Cooling of the thrust disk
TRIZ®;
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12. The tangential cooling of the
pad periphery to preserve laminar
flow TRIZ®;

13. The combined thrust bearing
with reversible and non-reversible
pads TRIZ®;

14. Reversible bearings
combi properties TRIZ®;

15. Reversible scrapers TRIZ®;

with

1 Two circles of oil lube circu-
lation

In existing designs, TB oil lube is
distributed, as a rule, uniformly on
the both sides of the bearing, name-
ly, on the working side and the non-
working one. The TB design with two
circles of lube oil circulation (Fig. 1)
provides delivering fresh oil first to
the area of the operating pads in the
amount to be required for cooling the
same (the first circle of circulation),
then the warmed-up oil, through the
channels in the bearing housing, is
transferred to the non-working side
(the second circles of circulation).
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Such a circuit of the lube oil feed-
ing provides for 50 % reducing of the
lube oil flow rate through the thrust
bearing [1].

On the non-working side, the oil
is additionally heated much less be-
cause of lowering viscosity of the lube
oil having been warmed up while
passing on the working side. In do-
ing so, the TB load-carrying capacity
increases by about 20 percent. This
is facilitated by lowering response of
the non-working side to the state of
the working side, hydrostatic unload-
ing, and reducing strain of the thrust
ridge owing to alignment of the tem-
perature fields on its both sides.

2 Aligning system of rolling to
increase load-carrying capacity

Uneven loading of the TB pads
can result in their cascade fail-
ure. At applying traditional lever
aligning systems, the temperature
difference between the maximum
loaded pad and minimum loaded
pad reaches 40 °C [2]. Thus, at the
temperature of minimum loaded
pad 110 °C (maximum admissible
temperature for the pads with anti-
frictional layer of babbit), the tem-
perature of the maximum loaded
pad would make 150 °C.

To ensure the even distribution
of load between the thrust pads in
the bearing unit, there was designed
a lever aligning system of rolling
characterized by high-compensat-
ing properties (Fig. 2), wherein slid-
ing friction between the arms was
changed by rolling friction [3, 4].
The maximum temperature differ-
ence between the pads of bearings,
which were fitted with such an align-
ing system, decreased from 40 °C to
6°C.

3 Compensating hydrostatic
suspension

Most of the thrust bearings op-
erate with the distortions. The dis-
tortion reasons are the temperature
misalignment of the unit caused by
non-uniform elongation of the foun-
dation pillars and different values of
the stress and thermal expansions of
the unit rotor and stator, the inaccu-
racies at manufacturing the bearing
components, as well as inaccuracy of
assemblage at mounting and repair-
ing. The methods of alignment known
in the art are not effective. To com-
pensate the temperature and stress
strains that result in occurring non-
parallelism of the thrust carrying sur-
faces of the rotor and bearing, there

has been developed different versions
of the thrust bearings equipped with
the hydrostatic suspension (Fig. 3).
The lube oil is supplied to the lube
oil system of the journal and thrust
bearing. From the lube oil system,
the oil is directed to each thrust pad
through channel I" (G) in the bearing
housing and the distributive chan-
nels. Between the rotating shaft and
the bearing pad, there is formed a
lube oil layer. From the zone of the
maximum hydrodynamic pressure, a
portion of the lube oil flows through
the hole into the pocket disposed on
the back of the shoe, wherein the hy-
drostatic pressure is created. At the
moment, the thrust pad is floating,
and lube oil pressure is being throt-
tled over the back of the pad.

From the pocket under the hy-
drostatic pressure, the portion of the
lube oil is supplied through the holes
in the bearing housing to the border
of the spherical surfaces. As a result,
between the outer sphere of the sepa-
rator and the sphere of the bearing
housing, there is formed an oil film.
Owing to the oil film at the inter-
face of the spherical surfaces, there
is provided uniform receiving of the
axial force by the thrust area in the
event of any distortions in the system
"rotor-thrust collar bearing."

Fig. 1. Journal-Thrust Bearing with Two Circles of Oil Lube Circulation: 1 — journal pad, 2 — scraper, 3 —
screw-lock, 4 — lube oil drain from thrust area, 5 — the first circle of lube oil circulation, 6 — the second circles of lube oil

circulation
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Fig. 2. Lever aligning system of rolling with high-compensating
properties: 1 — lower lever, 2 — upper lever, 3 — roller, 4 — thrust pad

4 Multifunctional oil removing
scrapers

Installation of the multifunctional
oil removing scrapers at the interpad
space of the thrust bearing (Fig. 4) [J]
makes it possible to:

— Prevent from transferring of the
hot oil film from one pad to another;

— Provide for the individual oil sup-
ply into the pads;

— Provide for the individual oil re-
moval off the pads;

— Improve the fill-factor for the
pads from 0.6 to 0.9;

— Provide for running static charge
off to prevent from erosion destruction
of the carrying surfaces of the bearings.

This design reduces the tempera-
ture of carrying oil wedge, load-carrying
capacity of the bearings and prevents
from the pad electroerosive deteriora-
tion.

5 Individual lube oil supply into
the pads

The oil flow is organized in such a
way that due to the special design of
the oil removal scraper 12 (Fig. 4),
which forms two non-interconnected
cavities in the interpad space, there
is performed an individual oil supply

to the thrust pads. Thus, the oil from
the lube oil system flows directly to
the pad, not mixing with the hot oil.

6 Individual lube oil removal
off the pads

Owing to the special shape of the
oil-removal scraper, the hot oil, which
was removed off the thrust collar, is
diverted into the channels 4 (Fig. 4)
after each pad to be drained without
being mixed with the oil from the lube
oil system.

7 Extending the range of the
bearing pads fill factor

The pads fill factor (k) is the ra-
tio of the working area of the thrust
pads to the area of the ring restricted
by the inner and outer diameters of
the pads, and it has a significant im-
pact on the loadcarrying capacity of
the thrust bearings. The bearings of
the traditional design withstand the
greatest load at k = 0.6 [2]. Arranged
in the interpad space, the oil remov-
al scrapers prevent the hot oil from
transferring from one pad to another
by the thrust collar, so in such thrust
bearings, the load-carrying capacity
of the bearing continues to increase

with increasing the area of the bear-
ing pads. At installing the oil removal
scrapers at the interpad space, the fill
factor of the carrying surfaces of the
bearing pads increases from k=0.6 to
0.9, whereby there is achieved 50 %
increase in the load-carrying capacity
of the bearing with the same dimen-
sions. This change is illustrated by
the graphs in Fig. 5.

8 Protection devices against
electroerosive destruction

To prevent the thrust sliding
bearings from the electroerosive de-
struction, there are traditionally used
slip rings of various designs. In addi-
tion to the existing systems of guard,
as protectors of the electroerosive de-
struction, there are applied the oil re-
moval scrapers installed in the bear-
ings between the pads. The scraper
construction is developed in such a
way that it constantly contacts with
the bearing housing and the machine
rotor, even if it wears during opera-
tion. Therefore, to prevent the car-
rying surfaces of the bearings from
electroerosive deterioration, there are
applied electro conductive oil removal
scrapers (Fig. 6).

9 Hydrostatic unloading of
the thrust collar

Hydrostatic unloading of the
thrust collar is carried out at the ex-
pense of the pressure epures differ-
ence on the working and non-working
sides of the bearing. For this purpose,
the entire flow of the lube oil is sup-
plied under pressure onto the work-
ing side of the bearing, and then it is
throttled in the seal over the thrust
collar provided with a specially se-
lected clearance that guarantees the
necessary flow rate of the lube oil re-
quired for the proper cooling process,
and then comes to the state of free
draining. When using the scheme of
the lube oil supplying with two cir-
cles of lube oil circulation (Fig. 1) a
portion of the lube oil is transferred
to the non-working side through the
throttling holes. In other cases, the
lube oil is delivered onto the non-
working side from the thrust area
of the bearing, through the seal be-
tween the journal and thrust areas of
the journal and thrust bearing. The
clearance value in the seal is se-
lected so that, on the one hand, to
provide for cooling the non-working
side, and on the other hand, sub-
stantially, to reduce the pressure
thereon. Thus, at operating condi-
tion, the working side of the thrust
bearing operates under a pressure
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close to the pressure of feeding the
lube oil provided by the lube oil system,
and the non-working side operates un-
der the pressure of free draining. Due
to this difference of the pressures, there
is realized hydrostatic unloading of the
thrust collar that reduces the residual
axial force and, ultimately, increases
the load-carrying capacity of the bear-
ing.

10 Radial cooling of the pad ther-
mally loaded zone

Individual oil supplying to the
thrust pads is arranged in such a way
that some amount of the lube oil passes
through special channels 8 in the thrust
pad, which channels are located under
the layer of Babbitt, to cool the thermal-
ly loaded zone of the pad (Fig. 4). Such
a design reduces the temperature of
the carrying hydrodynamic wedge and
increases the load-carrying capacity of
the bearing.

11 Cooling the thrust collar

Another design solution, which in-
creases the load-carrying capacity of
the thrust bearing, is further cooling
of the thrust collar. Performed within
the thrust collar, the channels are ad-
jacent to its working sides. At rotating
the thrust collar by the centrifugal forc-
es, the cold lube oil, through supplying
channels 4, is entrained into cooling
channels 2 (Fig. 7), and along them the
lube oil flows out to the periphery of the
thrust collar. While flowing along chan-
nels 2, the lube oil cools the carrying
surface of the thrust collar, and thereby
reduces the temperature of the hydro-
dynamic layer that results in increasing
the load-carrying capacity of the bear-
ing. Protector is made of electroconduc-
tive material.

12 Tangential cooling of the pad
periphery to maintain laminar flow
condition

In the hydrodynamic layer of the
thrust bearing operating under condi-
tions of high temperatures and rotation-
al frequencies, there can be occurred a
laminar flow condition for the of lube
oil due to the lower lube oil viscosity
and high circumferential velocities, es-
pecially at the periphery of the pad. It
is known that under condition of the
turbulent flow, there are significantly
reduced the load-carrying capacity of
the hydrodynamic bearings, increased
the power losses, and generated ther-
mal emission as well. To maintain the
laminar flow condition for the lube oil at
the inlet to the hydrodynamic wedge, on
the inlet edge of the thrust pad, there is

Fig. 3. Versions of the thrust bearing equipped with the
compensating hydrostatic suspension

executed a special incoming hyperbolic
surface, which prevents the flow from
vortex formation. Also there is specifi-
cally provided additional cooling the
upper zone of the inlet edge owing to
directing a portion of the supplied flow
of the cold lube oil through the tangen-
tial channels 7 (Fig. 4) and preventing
the lube oil from reducing its viscosity
at the pad inlet and thereby facilitating
the maintenance of the laminar flow
condition.

13 Thrust bearing with reversible
and non-reversible pads

In practice, there are often occurred
operating conditions whereon the tur-

bomachine rotor spins in the reverse
direction, and this entails the need in
applying the reversible thrust pads.
However, sometimes the load-carrying
capacity of the bearing composed of
only reversible pads is not sufficient for
proper perception of the load in the op-
erating direction of rotation. It is known
that the non-reversible thrust pads
have higher load-carrying capacity as
compared with the reversible ones,
however, they have virtually zero load-
carrying capacity at the reverse (off-de-
sign) direction of the rotor rotation, and
under such a condition they are not
able to provide for the perception of
axial force. The way to overcome this
situation is to develop the design of



the thrust bearing of combined type
[5], wherein there are alternately in-
stalled the non-reversible and revers-
ible pads (Fig. 8). In such a design,
at the working direction of the rotor
rotation, the non-reversible and re-
versible pads operate in conjunction
with each other, and the load-car-
rying capacity of such a bearing is
higher than that of the same bearing
with the reversible pads. On the con-
dition of the reverse rotation, there
are only operated the reversible pads
creating the load-carrying capacity
to be necessary for this nonstandard
situation. Shown in Fig. 8, the thrust
bearing has four reversible pads and
four non-reversible ones.

Thus, joint installing of the non-
reversible and reversible pads in the
thrust bearing provides for obtaining
a bearing that combines high load-

Fig. 4. Tilting pad thrust
bearing, TRIZ Ltd: 1 - housing;

2 — oil supply channels;

3 - interpad space; 4 — channels
for draining lube oil off; 5, 6 - tilting
thrust pads; 7 — oil cooling channels
at inlet edge; 8 — oil cooling channels
at thermally loaded zone;

9 — pad inlet zone;

10 - thermally loaded zone;

11, 12 — multifunctional oil-removal
scrapers; 13 — scraper bridge at
drain area; 14 — scraper bridge

at the area for cooling oil supply;

15 - cavity to communicate with

the cooling oil supply channels;

16 — cavity to communicate with

the channels for draining lube oil
off; 17 — scraper back; 18 — scraper
front surface
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Fig. 5. Maximum load P withstood by the bearing vs. the fill-factor (k)
For the bearings without the oil removal scrapers

For the bearings with the oil removal scrapers

tector made of

electroconductive
material

Fig. 6. Bearings equipped with the scraper-protectors to prevent them

carrying capacity at the straight di-
rection of rotation on the operating
conditions with the required load-
carrying capacity on the conditions of
the reverse rotation in non-standard
situations.

14 Reversible bearings with
non-reversible properties

Another way to increase the
load-carrying capacity of the re-
versible thrust bearings is to ap-
ply the reversible bearings with
non-reversible (combi) properties
(Fig. 9).

In these Dbearings, thrust
pads 1 are made of metalfluora-
plastic strip and backed by thrust
bearing carrier 2, wherein each pad
is followed by three symmetrically
arranged pockets 3. The pockets
are connected to the front side
of the pads by holes 4, through
which, while operating, the lube

from electroerosive deterioration

oil flows into the pockets from the
lube oil hydrodynamic layer. In do-
ing so, the pressure in the pock-
ets is increasing and the pad is
floating with leaning in operation
onto the hydrostatic oil film. Thus,
on the rear side of the pad, there
is formed a hydrostatic pressure
epure balancing the pressure of the
hydrodynamic layer, and the epure
resultant point of application rep-
resents the pad pivot point. Since
the pockets and the holes therein
for supplying the lube oil are dis-
tributed symmetrically along the
length of the pad, the values of the
pressure transmitted to the pockets
from the epure of the hydrodynamic
pressure will be different in various
pockets and will increase on a course
of the lube oil movement, whereby
the coordinate for the resultant of
the hydrostatic pressure epure will
be displaced in the circumferential
direction towards the outlet of the
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Fig. 7. Axial bearing with inner cooling of the thrust collar: 1 — thrust
collar; 2 — cooling channels; 3 — pad; 4 — supplying channels

pad for the relative magnitude of
0.55-0.6, which corresponds to the
relative coordinate of the pivot point
of the non-reversible pad. Owing to
the above said, the bearing obtains
high load-carrying capacity, which
is inherent to the non-reversible
pads. While the rotation direction
being changed by the symmetrical
arrangement of the pockets, the
epures of the hydrodynamic and
hydrostatic pressure will be respec-
tively redistributed, the coordinate
of the pad pivot point will move
in the opposite direction, and the
load-carrying capacity of the bear-
ing will remain the same. Thus, the
present solution allows combining
the reversibility of the bearing with
the high load-carrying capacity of
the non-reversible pads in the both
directions.

15 Reversible oil
scrapers

removal

To provide for the reverse oper-
ation of the bearing, in the interpad
space, there are installed revers-
ible oil removal scrapers 5 (Fig. 9),
the design of which allows them to
carry out their functions indepen-
dently of the direction of the rotor
rotation.

Most of the considered tech-
nical solutions have been imple-
mented by TRIZ Ltd while providing
modernization of thrust bearings
for steam turbines. The detailed
results of their implementation for
improving the efficiency of steam

Operating direction of rotation

1-konodka ynopxas HepebeprubHas;
2-konodka ynopHan pebepcubuas

Fig. 8. Thrust bearing with
reversible and non-reversible
pads:

1 — thrust non-reversible pad;

2 — thrust reversible pad
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Fig. 9. Thrust reversible bearing with non-reversible (combi)
properties: 1 — thrust pad; 2 — thrust bearing carrier; 3 — hydrostatic pockets;
4 — holes for supplying lube oil into hydrostatic pockets; 5 — reversible oil
removal scraper; 6 — channels for individual lube oil supply

turbines will be described in the
next paper.
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