§ sciendo

POLISH MARITIME RESEARCH 4 (108) 2020 Vol. 27; pp. 91-102
10.2478/pomr-2020-0069

EXPERIMENTAL RESEARCH ON INSUFFICIENT WATER
LUBRICATION OF MARINE STERN TUBE JOURNAL BEARING WITH
ELASTIC POLYMER BUSH

Agnieszka Barszczewska
Gdansk University of Technology, Poland

ABSTRACT

Water-lubricated bearings with polymer bushes are steadily gaining popularity due to their advantages, including
environmental friendliness, relatively simple construction and long-term operation. Nevertheless, in practice instances
of damage to such bearings occur due to insufficient or absent flow of the lubricating agent. In this study, experimental
tests established that elastic polymer bush bearing is capable of operating without excessive wear for a period of at least
60 minutes under conditions of marginal water flow and typical loads for stern tube journal bearings of small ships.
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INTRODUCTION

Water-lubricated polymer bush bearings are increasingly
popular and widely employed in shipbuilding (as bearings
of propeller shafts), hydro-power plants (guide bearings
of turbine shafts) [1-3], as well as in water pump shafts.
Because they use water as the lubricating agent, they provide
the undoubted advantage of being environmentally friendly.
In most cases, lubrication takes place in an open system,
making use of the surrounding water (vessels) or working
fluid (turbines and pumps). As a result, there is no danger
of contaminating the natural environment with petroleum
compounds, as may be the case with oil-lubricated white
metal bearings. Polymer bushes are relatively easy to install
and, as pointed out by Ogle et al. [1], the operating costs
of such bearings may be lower, taking into account their
lack of costs connected with oil use (purchase, service,
potential costs of repairing seal breakdowns). In addition,
as Roldo et al. [4] observed, the use of polymer bushes in
stern tube propeller shaft bearings may result in reducing
friction loss by a factor of 6 or even 9, in comparison to

white metal bush bearings. In connection with increasingly
stringent regulations on protecting the marine environment,
bearings manufacturers have for a number of years proposed
the comprehensive replacement of oil-lubricated bearings
with water-lubricated ones, declaring their comparable
hydrodynamic load capacity [5-7].

The wear process of a propeller shaft bearing bush is
a natural phenomenon due to the propeller shaft’s variable
speeds and loads, as well as its frequent start-up periods.
Upon reaching the limit of a certain wear depth, the old
bushes are replaced with new ones. In this way, a properly
designed and installed polymer bush bearing may function
for periods exceeding twenty years.

However, polymer bushes can undergo unexpected, rapid
wear, which in extreme cases may lead to overheating and
melting of the bush material. Root causes of such breakdowns
can include design stage construction faults, improper
bush processing and installation [8], adverse operating
conditions, etc.

Adverse operating conditions include i.a., deformation of
the ship hull, a contaminated lubricating agent or insufficient
lubricant flow through the bearing.
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Deformations of elastic ship hulls result in misalignment
of the rigid propeller shaft in relation to the bush [9]. Such
situation of the shaft not being positioned axially in relation to
the bush may lead to a decrease in the minimum lubricating
film thickness, pressure distribution deformation, and
in certain cases to a significant decrease in the bearing’s
hydrodynamic load-carrying capacity [10-12]. In extreme
cases, local contact between the shaft and the bush at its edge
- often called shaft edging, might occur, along with rapidly
progressing bush wear, due to locally exceeding maximum
allowed pressure values [13].Contamination of the lubricating
agent with solid particles, such as sand [14,15] can accelerate
wear of the polymer bush as well. The research findings of
Dong et al. [14] demonstrate that rapidly progressing wear
occurs in cases of higher sliding speeds or greater applied
loads. A fast rate of wear progression may also be induced
by the presence of a small amount of wear particles in the
lubricating film [16]. The progress of the bush wearing process
depends on the size, shape and number of these particles.

Additionally, limited water flow through the bearing
may lead to rapid wear of the bush. When a water pump
breakdowns or some water contaminations enter the shaft
stern tube, the water flow through the bearing is limited or
even stopped. Moreover, the water flow might be accidentally
limited by a member of the ship’s crew.

An example of propeller shaft bearing damage resulting
from limited water flow was presented by Mlynarczak [17].
Three closed-circuit water-lubricated composite bearings
installed in the propeller shaft of a bulk carrier experienced
sudden failure despite the presence of numerous protection
mechanisms against lubrication system breakdowns. The
bearing lubrication system was equipped with two circulation
pumps in case of the failure of one of them, as well as with
seawater inflow to provide a lubricating agent in the event
of breakdown of the shaft stern tube seal and leakage of
fresh water from the lubrication system. Due to the fact that
seawater contains various contaminations which may settle in
the stern tube and limit the water flow, the lubrication system
was additionally equipped with two lines bypassing the stern
tube, allowing the contaminations from the stern tube to be
washed out in the opposite direction. After analysing the
post-failure incident documentation, Miynarczak pointed
out that the designed system allowed for simultaneous flow
of water through the stern tube and the by-pass lines.

Therefore, limited water flow in the propeller shaft stern
tube was probable cause of the sudden seizure and wear
of the three bearings.

The alarm system did not alert the crew that the bearings
of the propeller shaft were not being adequately lubricated,
because the water flow sensor was installed in front of the fork
splitting the installation into the stern tube and by-pass lines.

In the case described by Mlynarczak, it is most likely that
the limited water flow through the propeller shaft stern tube
led to an increase in the temperature of the bearings, as the
water flowing through the bearings was not eliminating the
heat generated in the friction zone sufficiently quickly.
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An increase in temperature reduces clearance between the
polymer bush and the steel journal, since the polymer bush
and the journal, increases its volume. At raised temperatures
polymer bushes demonstrate greater thermal expansion and
increased water absorption. This results in fast increase in the
bush volume towards the shaft, since the bush is limited by
housing from the outside. The steel shaft has higher thermal
conductivity than the polymer bush. Therefore, the shaft
conducts more heat than the bushing, and the shaft expands
toward the bush [18].

When the bearing and the shaft are not capable of
transferring out the heat from the friction zone, local contact
between the surfaces of the bush and the journal occurs. If
water flow is not resumed, seizure and rapid wear of the bush
along its entire length occurs [19]. An example of a damaged
polymer bush due to limited lubricating water flow is shown
in Fig. 1.

Fig. 1. Elastomer bush melted during the laboratory test. Test conditions:
load: 0.2 MPa, speed 10 rev/s, water flow 0 L/min.

Therefore, selecting the proper diameter clearance and
material of the bush is a vital aspect in the design of water-
lubricated bearings, allowing the bush, i.a., to continue
operating failure-free under conditions of a temporary lack
or decrease of water flow through the bearing.

ORIGIN AND PURPOSE

From a practical standpoint, it is important to ensure that
the bearing suffering from lubrication system failure is able to
continue working for some period of time without excessive
wear of the bush, until the failure is eliminated by the ship’s
crew or power plant employees.

Water-lubricated bearings have been a subject of abundant
research thanks to which their reliability and durability have
increased. The research conducted on various materials and
material additives has resulted in improving the tribological
properties of bearings working under mixed-lubrication
regime [20-25]. Some other research works have proven
astrong influence of polymer bush material’s elastic modulus
on water-lubricated bearings’ load-carrying capacity [26-28].

Many researchers have conducted numerical analyses and
experimental research aimed at determining the impact of
the placement and quantity of lubrication grooves on the



hydrodynamic properties of bearings [29-35]. Thanks to
such investigations, the heat generated in the friction zone
may be efficiently carried off by water while maintaining the
hydrodynamic load capacity of the bearings.

Analyses of real-life failures of polymer bush bearings
are rarely the subject of scientific publications. The works
by Hirani et al. [36] and Mtlynarczak [17] are exceptional
in that respect. More common are failure analyses of white
metal bearings such as in [37-42]. This stems from the fact
that hydrodynamic bearings with white metal facing have
been widely employed in the industry for many years. On the
other hand, polymer bush bearings have been in use for just
afew decades [19], and remain less popular due to their much
lower hydrodynamic load capacity in comparison to white
metal bearings.

The causes of thermal bush seizures are the subject of
analyses conducted by some research centres [18,43,44]. They
assess, among others, the impact of the polymer bush’s thermal
expansion on the bearing’s diameter clearance. Takabi et al.
[39] indicates that the faster the revolution speed of the shaft,
the higher the probability of bush seizure due to overheating.
Pap B. et al. [18] point out that, as a result of decreasing the
bearing diameter clearance, a drop occurs in the flow of
lubricating agent through the bearing, in consequence leading
to a rise of temperature inside the bearing.

As indicated by Bishop et al. [19], once the process of bush
seizure occurs, it advances very rapidly.

Experimental research carried out at the Technical
University of Gdansk demonstrated that a certain group of
water-lubricated bearings continues to function properly
for a period of at least 2 hours despite the lack of water flow
[45]. This group of bearings includes a three-layer bearing
(PTFE - NBR - brass), in which the temperature after 2 h of
continuous operation at the rotational speed of 11 rev/s and
average loads between 0.2~0.6 MPa did not exceed 50°C.

During experimental research of elastic polymer and
composite bushes [45], the bearings’ temperature increased
rapidly and a sudden stop of the test rig shaft occurred due to
torque overload. The test rig shaft was stopped in both cases
due to the bush seizure on the shaft, which resulted from the
high thermal expansion and water absorption coefficients of
the bushes.

Comparing the results of tests of elastic polymer and
composite bushes with a three-layer bush, it may be concluded
that the thermal resistivity of the bush (its conductivity,
thickness, number of layers) may have a significant impact
on the bearing’s operation under the limited lubricating water
flow. In other words, the bush, due to its low or high thermal
resistivity, may play a significant role in transferring out the
heat from the friction zone during failure of the lubrication
system [46].

Tab. 1 Bearing dimensions and bush properties

SCOPE OF WORK

The aim of this paper is to determine the degree of load
to which an elastic polymer bush bearing may be exposed
under the conditions of no-water flow, as well as to determine
the limit values of flow intensity, at which an elastomer bush
bearing continues to work properly for a period of at least
60 min. A working temperature of 50°C and no signs of abrupt
increase in motion resistance were set as the criteria for proper
bearing operation.

Analysing literature and regulations, the author did not
note any recommendations regarding the time how long the
bearings of propeller shafts should continue working without
excessive wear in case of lubrication system breakdown. In
the author’s opinion nature of the tests (bearings working
under limited lubrication) is unusual and in marine industry
is not propagated yet. Zander N. [47] from the U.S. Army
Research Laboratory indicates that U.S. Army requires 30 min
of operation of rotorcrafts following loss of lubrication. Time
of 60 min was estimated by the author assuming that this
60 min should be enough for the crew of the ship to verify
the problem and repair the lubrication system.

TESTED BEARING

The bearing subjected to tests under conditions of limited
water flow had an elastic polymer bush with five lubricating
grooves in its upper part. The material of the bush is approved
by classification societies for use on ships (in bushes of
propeller shaft bearings). Due to bush damage following the
first series of tests (Fig. 1, Table 2), two new bushes of the same
geometry and run-in methods were used. The dimensions
and basic properties of the bushes are presented in Tab. 1
Bearing dimensions and bush properties.

TEST RIG

A new built test-rig made it possible to investigate real-
scale bearings with a shaft diameter of 100 mm at high power
propulsion (Fig. 2). The test rig’s shaft is made of chromium-
nickel steel EN 1.4310 with roughness Ra 0.32 um as it is
required in marine propeller shafts. The test rig is equipped
with a 220 kW electric motor, with the maximum rotational
speed of 1100 rev/min and nominal torque of 2600 Nm. Thus,
the simulated conditions resemble those present on a small
ship where the transmitted power is high enough to destroy
the bearing.

Bearing diameter / bearing Bearing’s Maximum Minimum Modulus  Thermal expansion Thermal expansion Thermal Thermal

length / bush wall thickness  radial clearance operating water flow  of elasticity @ 0<T<30°C @ T>30°C conductivity capacity

[mm] [mm] temperature [°C] [L/min] [MPa] [x 10°°C] [x 10-5 °C] [W/mK] [kJ/kgK]
100/200/ 12 0.3 60 15 600 15.1 211 0.25 1.5

POLISH MARITIME RESEARCH, No 4/2020 93



The test rig (Fig. 2) consists of a shaft 100 mm in diameter
(1) supported by two self-aligning bearings (2) and driven by
an electric motor (3). The motor and the rolling bearings were
mounted on the test rig frame (4). The tested bearing unit
(5) was placed on the shaft between the two rolling bearings.
Loads were applied on the tested bearing using a lever (6)
from which weight discs were suspended. Measurement of the
friction torque was obtained through a force sensor (7), which
was mounted on the bearing set using a clamp with an arm.

The tested bearing unit (Fig. 3. Tested bearing unit: 1 -
tested polymer bush, 2- steel housing, 3 - covers with sealing,
4 - stainless steel main shaft, 5 - thermocouples (T0~T7),
6 - radial force application unit, 7 - arm and sensor for
measuring moment of friction.) consists of the tested bush
(1) which was installed in a steel housing using a thermo-
compression method (2), as well as two steel covers (3) with
sealing.

Similarly to real-life systems, the axial water flow is forced
by a pump, which pushes water into the bearing.

Fig. 2. High-power test rig, 1 - main shaft, 2 - rolling bearing, 3 - electric
motor 220 kW, 4 - test rig frame, 5 - bearing unit, 6 - radial force application
unit, 7 - force sensor for measuring moment of friction.

OUTLET SIDE SENSORS:
TO — outlet water temperature
T1 — bottom sensor

T2, T3 — top sensors

INLET SIDE SENSORS:

T4 — bottom sensors

T5, T6 — top sensors

T7 — inlet water temperature

Fig. 3. Tested bearing unit: 1 - tested polymer bush, 2- steel housing, 3 - covers with sealing, 4 - stainless steel main shaft, 5 - thermocouples (TO~T7), 6 - radial
force application unit, 7 — arm and sensor for measuring moment of friction.

94 POLISH MARITIME RESEARCH, No 4/2020



The water-pumping system includes a valve installed
between the pump and the tested bearing, which allows to
limit or stop the water flow through the bearing. To ensure
that the bearing remains completely filled with water during
the tests in conditions of no-water flow, the test rig was
additionally equipped with a shut-off valve at the water-
outflow of the bearing.

The measured motion resistance is the sum of: resistance in
the tested bearing (1), the sliding resistance of the sealing (3)
on both sides of the bearing and the resistance of the rollers
in the support system (6). In a hydrodynamic lubrication
regime, the summarised measurement of motion resistance
is subjected to significant error, as such a bearing creates very
little resistance in relation to the other elements.

However, the motion resistance of the remaining elements
may be considered to be of no significance, when a bearing
operates under conditions of limited water flow. The bearing
seizing on the shaft generates high motion resistance, making
remaining motion resistance components negligible.

During the tests continuous measurement of the bearing
temperature was conducted at eight measurement points
(Fig. 3. Tested bearing unit: 1 - tested polymer bush, 2- steel
housing, 3 - covers with sealing, 4 - stainless steel main shaft,
5 - thermocouples (T0~T7), 6 - radial force application unit,
7 —arm and sensor for measuring moment of friction., pos. 5).
Two thermocouples (T0 and T7) were installed in the bearing
covers (3) in order to provide constant water temperature
monitoring at the inflow and outflow of the bearing. The
remaining six (T1~T6) were placed in openings distributed
radially along the bush circumference in two cross-sections:
A-A — water inlet side (T4, T5, T6), B-B - water outlet side
(T1, T2, T3). Two sensors (T1 and T4) were placed in the
lower part of the bush, and the remaining ones (T2, T3, T5,
T6) in the upper part between the lubrication grooves. The
openings in the bearing, in which the temperature sensors
were placed, were of a depth that allowed the thermocouple tip
to be positioned 3 mm under the sliding surface of the bush.
Type K thermocouples with an exposed junction of @ 0.8 mm
in diameter were employed, allowing, in the opinion of the
author, for relatively quick recording of sudden temperature
changes, which is especially significant in recording dynamic
temperature changes [48].

EXPERIMENTAL PROCEDURE

The manufacturer of the tested bearing recommends
minimum water flow of 15 L/min for the loaded bearing
with nominal diameter of 100 mm (Tab. 1 Bearing dimensions
and bush properties). Water flowing with that rate effectively
transfers the heat from the friction zone, which is of key
importance, since the propeller shaft bearing is working at low
shaft speeds and high loads (conditions of mixed lubrication).

It was decided that the bearing would be tested in the
water flow range of 12 L/min to 0 L/min at three different
loads, representing the average pressures of: 0.2, 0.3 and 0.4
MPa at a constant shaft revolution speed of 10 rev/s (Table

2). Pressure values of 0.4 MPa are representative of average,
typical stern tube bearing pressures of a ship propeller shaft.

Prior to commencing tests, the bearings were subjected to
an identical water absorption process through submersion
in a container and run-in. The bushes were run-in within
a range of variable speeds and loads, thanks to which the
surfaces of both bushes were smoothed out, just as is the case
with bearings operating on real-life objects.

Two bearings with the same geometry and run-in methods
were used. The first bush was subjected to eight tests at the
load of 0.2 MPa (Table 2). Each of these tests represented
a different water flow value. The tests were carried from day
to day, so that each consecutive test would start in the same
conditions (thermocouples indicating ambient temperature).

Due to damaging the first bush during testing in the
conditions of 0.2 MPa and no-water flow (0 L/min), the second
bush was used in further testing (0.3 MPa and 0.4 MPa). Since
the tests were carried out in such a way as not to damage the
bush, the second bush was tested in a range of different flow
intensities at the pressures of 0.3 MPa and 0.4 MPa.

Tab. 2 Conditions of bearing tests

Bearing no. 1 Bearing no. 2
Test no. 0.2 MPa 0.3 MPa 0.4 MPa
Water flow [I/min]
1 11.5 - 12
2 9.3 -
3 5.25 - -
4 4 4.8 -
5 3 2.5
6 2 1 2.2
7 1 0.5 0.9
8 0 0 0

Each test commenced in the same way: the valves in front
of and behind the bush were opened and a centrifugal pump
was activated, propelling water from a 200 L container to
the bearings. The initial water flow amounted to 15 L/min.
Subsequently, the bearing set was vented, in order to make
certain that the bearing was completely filled with water.
The electric motor was turned on with the shaft revolution
speed set at 10 rev/s. Next, a sufficient number of disc weights
were suspended to obtain the average pressures of 0.2, 0.3
or 0.4 MPa. During the tests the load remained unchanged.
Using the valve located in front of the inlet channel of
the bearing, the flow of water was decreased to the values
presented in the Table 2. In the case of tests conducted
under the conditions of no-water flow, the valve located
behind the bearing was closed to prevent free outflow of
water from the bearing. The actual testing started from that
moment. During testing it was possible to maintain constant
measurement of the temperature and torque. The water flow
intensity was controlled every few minutes.

It was decided that the test would last a minimum of
60 minutes or would be terminated earlier if any of the
thermocouples measuring the temperature of the water or
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the bearing indicated a temperature higher than 50°C, or if
an alarming increase in the levels of motion resistance was
observed.

RESULTS & DISCUSSION

During each test, the heat generated inside the bearing
was partially transferred by the flowing water, as well as by
the shaft and the bearing housing to the surroundings, i.e.,
the air. During the tests, the temperature in the laboratory
hall varied from 21 to 24°C. In order to compare the impact
of the limited water flow on the change of the temperature
inside the bearing, the increase in temperature during the
bearing’s operation is presented.

It should be underlined that the heat dissipation conditions
inside the lab were more demanding than those found on
a ship, where the shaft tube is indirectly surrounded by water
whose temperature is often lower than 18°C.

SPECIFIC PRESSURE OF 0.2 MPA

The temperature increase during the operation of the
bearing at the load of 0.2 MPa is presented in Fig. 4 and Fig. 5.

Fig. 4 presents the temperature increase for the bearing
operating at the water flow of 11.5 to 1.2 L/min and Fig. 5
presents the results for the bearing operating at the no-water
flow condition.

During the operation of the bearing at the water flow
intensity of 11.5 to 1.2 L/min, no sudden changes in motion
resistance levels were observed, and each of the eight
temperature sensors indicated the same rise in temperature.
Therefore, the indications of only one sensor are presented
and the level of friction torque is omitted (Fig. 4).

It may be noticed in Fig. 4 that the maximum temperature
increase was recorded for the water flow of 1.2 L/min,
amounting to 5°C after 60 minutes of bearing operation.
Additionally it can be observed that the temperatures inside
the bearing are stabilising and the bearing unit is moving
towards thermal equilibrium.
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Fig. 4. Temperature increase diagram for bearing with elastic polymer bush.
Test conditions: pressure=0.2 MPa, shaft revolution speed =10 rev/s, water
flow=1.2~11.5 L/min.
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It would be expected that as the water flow through the
bearing increases, the temperature in the bearing decreases.
However, in this study, the temperature increase was larger
when the water flow was 11.5 than 9.3 L/min. The reason
was the fact that the ambient temperature during the test at
the water flow 11.5 L/min was 3°C higher than during the
remaining tests. This ambient temperature difference played
an important role, because the cooling water in the tank had
the same temperature as the surroundings.

During the test conducted at the load of 0.2 MPa and
no-water flow, bush damage due to overheating took place
(Fig. 5). The presumption of the author was to terminate
the test if the temperature in the bearing exceeded 50°C,
meaning a temperature increase not greater than 30°C or if
a concerning increase in the motion resistance was observed.
The results of that test are presented in Fig. 5.
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Fig. 5. Temperature and friction torque increase diagrams for bearing with
elastic polymer bush. Test conditions: pressure=0.2 MPa, shaft revolution
speed =10 rev/s, water flow=0 L/min. a) Water temperature increase diagram,
b) Bush temperature increase diagram, c) Friction torque increase diagram,
1 - turning off the water flow, 2 - sudden increase in motion resistance,

3 - limiting shaft revolution speed to 100 rev/s and attempting to turn on the
water flow, 4 - another attempt to turn on the water flow, 5 - stopping electric
motor, 6 - momentary activation of the electric motor.

The process of simulating a malfunction was initiated by
closing off the water flow through the bearing (1). Shutting
off the water flow (1) resulted in a temperature increase of
the water and the bush. The water temperatures on the inlet
and outlet sides of the bearing were increasing at the same
rate, and from the moment of closing the valve they were
slightly higher than the bush temperatures (measured 3 mm
underneath the sliding surface).

When motion resistance had increased (2), the author
decided to continue testing, since the water temperature
increased by only 8°C from the simulation start and did not
exceed assumed 30°C. Inless than two minutes temperature
differentiation in the bearing was observed (3) and at this
moment the valves were opened, the pump transporting
water to the bearing was activated, and the revolution speed
of the motor reduced from 10 to 1.7 rev/s (100 rev/min). The
motion resistance started to decrease, but unfortunately
no-water flow through the bush was observed and the bush
and the water temperatures were increasing at a very rapid
pace (segment 3-4).

According to the author, the flow of water through the
bearing was impossible (3), since there was no clearance
between the bush and the journal, and the lubrication grooves
were blocked by the melted polymer. Additionally, inlet water
temperature sensor did not indicate any inflow of fresh water
(lack of temperature drop). Water flow was observed after
second attempt at activation of the pump (4), resulting in
a momentary drop of the water temperatures. The electric
motor was turned off at (5) and turned on for a moment at (6).

After disassembling the bearing’s covers, the melted bush
was visible on both sides of the bearing (Fig. 6).

Fig. 6. Disassembly of bearing’s cover: lubricating grooves clogged with wear
particles. Test conditions: pressure=0.2 MPa, shaft revolution speed =10 rev/s,
water flow=0 L/min.

SPECIFIC PRESSURE OF 0.3 MPA

It was decided to start the test for the load of 0.3 MPa at
the water flow intensity of approx. 5 L/min (Fig. 7), assuming
that at higher intensities the bearing will continue to operate
properly for a period of 60 minutes, since the temperature and
motion resistance values did not cause concern at low loads
(0.2 MPa) and the water flows above zero (Fig. 4).

During the operation of the bearing at the water flow
intensity of 4.8 to 0.5 L/min and load of 0.3 MPa, no sudden
changes in motion resistance levels were observed, and each
of the eight temperature sensors indicated the same rise in
temperature. Therefore, the indications of only one sensor are
presented and the level of friction torque is omitted (Fig. 7).

Similarly to the test results for the loads of 0.2 MPa, the
temperatures inside the bearing are stabilising and the bearing
unit is moving towards thermal equilibrium. The maximum
temperature increase was recorded for the water flow of 0.5 L/
min, amounting to 8°C after 60 minutes of bearing operation.
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Fig. 7. Temperature increase diagram for bearing with elastic polymer bush.
Test conditions: pressure=0.3 MPa, shaft revolution speed =10 rev/s, water
flow=0.5~4.8 L/min.

To avoid sudden damage of the bush during the test
conducted at 0.3 MPa and no-water flow, it was decided to
proceed in the following manner:
 Ifasudden increase in the resistance of motion is observed,

the immediate action is to activate the water pump at the

setting of approx. 15 L/min.
o Ifthe water cooling proves insufficient, as the second step
the electric motor is to be turned off.

The results of the test conducted at 0.3 MPa in the
conditions of no-water flow are presented in Fig. 8.
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Fig. 8. Temperature and friction torque increase diagrams for bearing with
elastic polymer bush. Test conditions: pressure=0.3 MPa, shaft revolution
speed =10 rev/s, water flow=0 L/min. a) Water temperature increase diagram,
b) Bush temperature increase diagram, c) Friction torque increase diagram,
I - closing the water flow, 2 - sudden increase in the resistance of motion, 3 -
stopping motor’s operation.

Following the closing of the water flow (1), the temperatures
of the water and the bush rise at a similar rate. After approx.
9 minutes into the test, a sudden rise in the resistance of
motion occurs (2), thus the valves are being opened and the
water pump turned on. This resulted in bringing down the
temperatures on the inlet side of the bearing (At5, At6, At7),
but also in a sudden increase of the temperatures at the outlet
(At0, At2, At3). These temperature changes concerns the water
and the upper part of the bearing, where lubricating grooves
are placed. The outlet temperatures increase is a result of
pushing out the hot water from the bearing and it might be
additionally affected by water backflow phenomenon [49]. The
opening of the fresh water flow did not affect the temperatures
at the bottom of the bush (At1, At4), since water mainly flowed
through the lubrication grooves.

As the friction torque was still increasing, it was decided
to turn off the motor shaft (2). The stopping of the shaft
resulted in immediate drop of the outlet water temperature
and delayed drop of the bush temperatures.



Disassembly of both covers revealed a small amount
of polymer bush wear particles located on the shaft and
lack of any wear particles clogging the lubrication grooves.

SPECIFIC PRESSURE OF 0.4 MPA

Taking into account that the radial clearance of the bearing
might have been altered in the previous tests, it was decided
to verify whether the bearing would be able to work at the
load of 0.4 MPa and a flow of 12 L/min (Fig. 9). As it turned
out, the bearing was able to operate for the set period of
time (60 min) without an excessive temperature increase
(2°C). Moreover, the bearing underwent further tests at 2.2
and 0.9 L/min, during which neither sudden changes in the
resistance of motion nor large temperature increases were
observed for the period of 60 minutes.

The fact is that the temperatures were no longer increasing
in a degressive way, which may be symptomatic of temperature
instability in the system and the occurrence of mixed friction
in the bearing.
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Fig. 9. Temperature increase diagram for bearing with elastic polymer bush.
Test conditions: pressure=0.4 MPa, shaft revolution speed =10 rev/s, water
flow=0.9~12 L/min.

The final test consisted of investigating the bearing’s
behaviour at loads of 0.4 MPa and conditions of no-water
flow (Fig. 10).

From the moment of closing the water flow through the
bearing (1) the water temperature was growing faster than
the bearing temperature. After 30 minutes of the bearing’s
operation at 0.4 MPa sudden increase in the resistance of
motion was observed (2). At this point, the valves were opened
and the water pump was turned on. Just a few seconds later the
cover sealing was pushed out (on the outlet side) by steaming
water (2). The steaming water began to leak out and, despite
activating the pump, no-water flow through the bearing was
observed. A moment later the motor was turned off (3). After
switching the electric motor off, several attempts were made
to activate the water pump (4,5). It was only after about 30

minutes from the moment of pushing the sealing out that the
water flow through the bearing finally took place (6).
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Fig. 10. Temperature and friction torque increase diagrams for bearing with
elastic polymer bush. Test conditions: pressure=0.4 MPa, shaft revolution speed
=10 rev/s, water flow=0 L/min. a) Water temperature increase diagram,

b) Bush temperature increase diagram, c) Friction torque increase diagram,

1 - closing the water flow, 2 - sudden increase in the resistance of motion,
turning the pump on, pushing out of the cover sealing by steaming water,

3 - stopping the motor, 4, 5, 6 - attempts at turning the water flow on.
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The test demonstrates that the temperature of the water
inside the bearing must have been 100°C, despite the fact that
the outlet water temperature sensor indicated only 33°C just
a moment before the sealing was pushed out.

SUMMARY

Experimental study of the bearing with elastomer bush
showed that the axial water flow plays a significant role in heat
transferring out from the bearing. The real-scale stern-tube
bearing with 100 mm nominal diameter is able to operate
properly for a period of at least 60 minutes at the constant
loads, shaft speed and marginal water flows, limited even to
0.5 L/min. The bearing in the absence of the water flow (fully
filled with water) was able to work properly for short periods
(15-30 minutes) followed by rapidly advancing seizure of the
bearing and its damage. The process of bearing’s damage
can be stopped by activating the maximum water flow and
decreasing the shaft’s revolution speed to zero.

Practically, it is very difficult to capture the moment when
the failure occurs, since the seizure is preceded only by the
appearance of a sudden increase of bearing motion resistance.
Additionally, during the seizure of the tested bearing, the
power consumption of the electric motor increased from 3
to only 25 kW. It should be underlined that the seizure of the
bearing with polymer bush in comparison to the bearings
with white-metal facing is frequently connected to melting of
the bush material due to temperatures exceeding the melting
point of the polymer. This confirms reports from ship crews
of similar failures occurring, without increases in the engine
loads being observed when the failure took place.

The tested bearing was able to work properly for established
time at marginal water flows, but probably not without
any wear. Both tested bushes had undergone melting and
hydrolysis (Fig. 1). The deep cracks in the sliding surface,
characteristic of the hydrolysis process, indicates that the
bushes had been subjected to the long-term exposure to
water at a temperature of at least 50°C. Thus, the process
of hydrolytic degradation of the bushes could have already
occurred during tests at the water flows greater than 0 L/min.

In the conditions of limited water flow, the water
temperature measurements at the bearing’s inlet and outlet
may be affected by a large error, since a large part of heat
remains inside the bearing. When the lubricant flow is
completely shut-down, sensors located in front of and behind
the bearing indicate the temperature of the water, which
is barely affected by the heat generated in friction zone.
Therefore, installing sensors at the inlet and / or outlet of
the stern tube may not provide information about possible
overheating of the aft bearing.

Theoretical studies should be carried out to see if
experimentally tested bearing in conditions of limited water
flow is working under hydrodynamic or mixed lubrication
regime. Additionally, it would be worth paying attention to
the thermal resistivity of the polymer bushes. This could
explain why the tested bearing with elastomeric bush is
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not capable of working in no-water flow conditions and the
bearing with three-layer bush is [45].
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