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ABSTRACT
For oil lubricated stern tube systems, a new type of seal, which is usually called Air Seal, has been
applied to many ships as a "pollution free" seal. The main design concept of the air seal is that the
lubricating oil is completely separated from seawater by an air chamber between sealing rings. The paper
outlines the historical perspective. With the air seal developed by Kobelco, a constant quantity of
compressed air is supplied from within the ship. The air passes through the air chamber between lip type
sealing rings and is spouted into the sea. An air control unit automatically detects any change of draft
level and adjusts the pressures to maintain the optimum pressure on each sealing ring. The key
mechanism to detect the draft change correctly and to adjust the pressure balance is explained. It is
possible to apply the above technology to various kinds of thruster seals. Specific design and project
applications for thruster air seals are introduced.

INTRODUCTION
In most middle and large size merchant ships an oil lubricated stern tube bearing system is applied. There
are various kinds of seals, such as lip type or mechanical type, for an oil lubricated stern tube. The basic
function is to prevent oil leakage and seawater penetration into the stern tube. The most popular oil
lubricated seal is a lip type seal and an example is shown in Fig. 1. The oil pressure in the stern tube is
0.03 Mpa (0.3 bar) higher than seawater pressure and the oil pressure in #2/3 chamber is designed to be
lower than seawater pressure. One of the key reasons to provide a piping line to the #2/3 chamber is to
drain both leaking oil and penetrating seawater from the #2/3 chamber.
In the conventional seal system, stern tube oil is separated from seawater by plural sealing rings and some
quantity of oil and seawater leakage through the sealing rings is inevitable. Many types of air seal were
developed to solve this problem (1) (2) (3).
In this paper we define the air seal as one in which there is an air chamber in the aft stern tube seal. The
stern tube oil is separated from seawater by the air chamber. Various kinds of air seal are introduced.
Then the mechanism of air seal classified as "Constant air flow type" is explained in detail. We also show
some ideas to apply the air seal to various thrusters.
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Fig.1 Structure of lip type stern tube seal
HISTORY OF AIR SEAL
Separation of Oil and Seawater
According to our definition of an air seal, the first air seal is the "Coastguard Sternseal System" ® shown
in Fig. 2 (4) which was developed in 1970. A face seal is provided to prevent seawater ingress combined
with a lip seal, which is provided to prevent oil leakage. In case of water ingress through the face seal, it
can be drained to a drain tank through a drainage pipe connected to the air chamber. The air pressure in
the air chamber is 0 Mpa (0 bar) because it is connected to the ambient air in engine room.
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Fig. 2 Coastguard Sternseal System ®
Constant Air Pressure Type
"Stern Dry Seal EVS-1" ® was developed in 1983 and the schematic piping is shown in Fig. 3(5).
Compressed air is supplied into an air chamber between two segment mechanical seals and the air
pressure is maintained to be 0.03 Mpa (0.3 bar) higher than the seawater pressure. Additional air must be
supplied to maintain the above constant air pressure when air leakage increases through the segment seals
and the air pressure between the seals decreases. The key concept of this seal is to keep the air pressure
constant and that is why it is classified as a constant air pressure type. The leaking oil and seawater can
be drained inboard through a drainpipe.

Dynamic Positioning Conference

September 16-17, 2003

3

Return to Session Directory

Seiji Yamajo, Dr. Eng. & Isao Sasada
KOBELCO MARINE ENGINEERING

Advanced Technology of Thruster Seal

Fig. 3 Stern Dry Seal EVS-1 ®
The following air seal was developed around 1990 after the two previously mentioned air seal types. We
classify "Airspace Seal 1" ® shown in Fig. 4(6) as a constant air pressure type. There is a constant air
pressure maintained in the space II which is set at 0.01 Mpa (0.1 bar) below the ballast seawater pressure
so that no air flows into the seawater. In order to drain the leaking oil and seawater, which has
accumulated in the air chamber, to the bilge, a solenoid valve is opened at certain intervals, with the
pressure condition in the air chamber remaining unchanged.
The main difference between the two constant air pressure type seals described is that the air pressure in
the air chamber is higher or lower than seawater pressure.
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Fig 4 Airspace Seal 1 ®
Constant Air Flow Type
As an improvement to the aforementioned designs, the constant flow type of air seal was developed. One
example of this type of air seal is shown in Fig. 5. A constant quantity of air is supplied from the air
source, which then passes through #2/3 chamber and is then spouted into sea. The air pressure is always
about 0.01 Mpa (0.1 bar) greater than seawater pressure so to slightly exceed the tightening force of the
#1 and #2 sealing rings. The air pressure is added to stern tube oil tank, which is installed at 3m (0.03
Mpa) above a shaft center. The stern tube oil pressure becomes "air pressure in the #2/3 chamber + 0.03
Mpa (0.3 bar)" and it also follows the draft change. Any draft change can be automatically detected and
the pressure changed instantly based on the amount of air flowing to the seawater. Accordingly all
pressure differences on the aft sealing rings are always negligible. Leaking oil and seawater can be
drained from the #2/3 chamber. In order to drain any leaking liquid smoothly, a small quantity of air is
always blown through a flow controller on the drain tank. There are two advantages of the constant air
flow system. One is that seawater rarely comes into the #2/3 chamber because the air pressure is always
greater than seawater pressure. The other is that the life of sealing rings, especially #1 and #2 rings,
increases because of the small pressure difference maintained.
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Fig. 5 KOBELCO Air Seal ®

THEORY of CONSTANT AIR FLOW TYPE
Structure of the Air Regulator and Flow Controller
With the constant air flow type, the air pressure in the #2/3 chamber closely follows any changes in the
seawater pressure. There are two important points in the system.

cThe air pressure in the #2/3 chamber must be higher than seawater pressure. The air pressure of air
source is usually 0.7 Mpa (7 bar). It is reduced by an air regulator to 0.3~0.4 Mpa (3~4 bar) against
seawater pressure of 0.05~0.2 Mpa (0.5~2 bar) in order to easily control the air flow. The function of the
air regulator is to reduce the source air pressure and to keep it constant. For example, at 0.3 Mpa. The
regulator structure is shown in Fig. 6(7). Adjusting a spring below the diaphragm can reduce the source air
pressure.
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Fig. 6 Air regulator

dThe air flow rate of 40 Nl/min. (20~60 Nl/min.) is a value determined after extensive experiments and
field service. With this setting the air pressure in the #2/3 chamber becomes "seawater pressure +
tightening force of sealing rings". With the recommended air flow condition the seawater pressure can be
correctly detected. In the case which the quantity of constant air flow is very large, such as 100 Nl/min.,
the air pressure in the #2/3 chamber also becomes greater than "seawater pressure + tightening force of
the sealing rings". From an economic point of view this quantity of air consumption is not economical.
In the case that the constant air flow is less than 10 Nl/min., seawater ingress into #2/3 chamber could
result with the failure of the #1 and #2 sealing rings. It would eliminate an advantage of constant flow
type air seal. The structure of flow controller is shown in Fig. 7(7).

Fig. 7 Flow controller
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The air flow is controlled by changing the clearance between the "body" and "needle" after the source air
pressure is reduced to 0.3~0.4 Mpa. The quantity of air flow is noted to be constant in this paper.
However, practically it is not constant in a strict sense. The quantity of airflow depends on a pressure
difference between the In side and Out side pressures outlined in Fig. 7. The exact quantity is expressed
by the equation (1).
Q = k √∆P ------- (1)
Where Q : Quantity of air flow
∆P = Pressure difference ∆P = P1 - P0
P1 = Air pressure of In side
P0 = Air pressure of Out side
k = coefficient
When P1 is set to be 0.3 Mpa and P0 is almost the same as the seawater pressure (0.1 Mpa when draft
level is 10m), the original air flow is adjusted to be Q = 40 Nl/min. The air flow changes between 45
Nl/min. and 35 Nl/min., when the draft level changes between 5m to 15m. This amount of air flow
change is negligible considering the performance of air seal. We therefore classify it as a constant air
flow type.
Why the Air Pressure in the #2/3 Chamber Follows the Seawater Pressure
When the seawater pressure is constant, the air pressure in the #2/3 chamber is always higher than the
seawater pressure. It becomes "seawater pressure + tightening force of the #2 ring". Refer to Fig. 8-1.
When the seawater pressure increases, the air flow from #2/3 chamber to sea stops momentarily. The air
pressure in #2/3 chamber rises up because the compressed air is being continuously supplied to #2/3
chamber. The air then starts to flow again from the #2/3 chamber to the seawater by lifting #2 sealing
ring. The time that the air flow stops is momentary, about 0.4 sec. when the condition is that the draft
changes from 5m to 8m. Refer to Fig. 8-2.
When the seawater pressure decreases, the air flow from the #2/3 chamber to the seawater increases
momentarily. The constant air flow completely follows the seawater pressure. Refer to Fig. 8-3.
The practical maximum wave condition where ocean going merchant ships can be operated without
serious problems is amplitude of ±3m and frequency of 20 sec. The time delay of 0.4 sec. is negligibly
short compared with the above wave condition. Consequently the air pressure in #2/3 chamber can
follow wave induced seawater pressure well. Refer to Fig. 8-4.
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Fig. 8 Mechanism that air pressure in #2/3 chamber follows sea water pressure
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Pressure in the Stern Tube
The air pipe to #2/3 chamber is connected to a closed stern tube gravity oil tank of which the volume is
about 100 liters and the air pressure in the #2/3 chamber is added to the gravity tank. The oil pressure in
the stern tube gravity tank completely follows the seawater pressure. The stern tube oil is usually
circulated through long pipes and oil grooves in a stern bush. Thus a time lag would be expected between
oil pressures changes near #3S ring and in the gravity tank when the draft changes by a wave. Actually
waves cause a difference of pressure between the air pressure in #2/3 chamber and the stern tube oil
pressure near #3S ring. It, of course, depends on each ship respectively. A test was carried out on size
670 test equipment shown in Fig. 9 with a piping diagram in Fig. 5. It is very important to imitate the
structure of a practical stern tube. The volume of stern tube oil is designed to be about 600 liters in the
test equipment. Fig. 10 shows one of the test results. The stern tube oil pressure becomes slightly out of
the air pressure curve in the #2/3 chamber under the tested wave condition (Amp. = ±3m, T = 20sec.).
However, the condition that the stern tube oil pressure must be always higher than the air pressure in #2/3
chamber, to avoid a continuous air leakage into stern tube, is maintained. It proves that there are no
technical problems in the practical operation. In the practical design, it is necessary to give a careful
consideration to the installation of oil pumps and designing of oil pipes to avoid imbalance of the stern
tube oil pressure.

Fig. 9 Size 670 test equipment
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Fig. 10 Pressure curve due to wave in a practical condition

DEVICE TO APPLY POD TYPE PROPULSION
Recently electric type pod propulsion has been developed and applied to some ships as well as the
conventional mechanical type propulsion. There are different kinds of issues when the constant air flow
type air seal is applied to the pod propulsion. The design concept is the same as with conventional stern
tube air seal in that compressed air is spouted from the #2/3 seal chamber and the air pressure in #2/3
chamber is added to an oil tank. However, there is no stern tube in pod propulsion and some changes
have been made to apply the air seal for the pod propulsions.
Drain Tank
In the conventional stern tube air seal system a drain pipe is installed at a bottom of the #2/3 seal chamber
and connected to a drain tank provided below the propeller shaft center. Any leaking oil and seawater
that penetrates the #2/3 seal chamber will automatically flow into the drain tank that is located at the
lowest place. With the electric type pod propulsion a drain tank can be provided inside the pod when
there is enough space. However, in the case of pod propulsion, it is usually difficult to provide the drain
tank, inside of the pod and below the shaft center. Thus a drain tank may also be provided outside of the
pod. When the drain tank is provided outside of the pod and the location is above the seawater surface,
leaking oil and seawater penetrating into the #2/3 seal chamber can be drained by including additional
devices. An example of the devices to allow smooth drainage are shown in Fig. 11. The drain tank above
the pod must be closed in the usual operating condition and periodically the air pressure in the tank is
made to create a vacuum of -0.03 Mpa (-0.3 bar) by operating an ejector. Any liquid in the #2/3 seal
chamber can be sucked up into the drain tank. The location of the drain tank must be less than 3m above
the seawater surface.
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Fig. 11 Drain tank
Air Relay
A stern tube oil tank is provided at 3m above a shaft center and the stern tube oil pressure is designed to
be 0.03 Mpa (0.3 bar) higher than the air pressure in the #2/3 seal chamber. In the pod propulsion it is
usually difficult to provide an oil tank located at 3m above the shaft center in the pod. In order to keep an
adequate pressure difference on the #3 seal ring, which is positioned between air and oil, the air pressure
in the #2/3 seal chamber, cannot be added directly to the oil tank.
It is necessary to revise the air pressure in the #2/3 seal chamber and the revised air pressure then added to
the oil tank. An air relay is a device used to revise the air pressure and an example is shown in Fig. 12(8).
The air pressure in the #2/3 seal chamber is sent to the air relay as a signal pressure. Then the signal
pressure is revised properly by setting an adjusting valve. The adjustable range is -0.12~+0.07 Mpa on
the air relay. The revised signal pressure is added to the oil tank and the air pressure in the oil tank can be
controlled to be "air pressure in #2/3 seal chamber + revised pressure". Compressed air is supplied to the
oil tank when the signal pressure rises up and air is discharged from the oil tank when it decreases.
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Fig. 12 Air relay

SEAL DESIGN PROPOSED FOR THRUSTER
Mechanical Type Azimuthing Thruster (Large Gear Box)
It is sufficient for stern tube seals of merchant ships operated in the Pacific and Atlantic oceans to
consider a wave amplitude of ±3m. However, in the case of an azimuthing thruster seal for and offshore
DP vessel, it is requested that a condition with the maximum wave amplitude or swinging of ±10m is
considered. An air seal was designed to meet this harsh requirement and some experiments were done to
confirm the performance. The seal model is shown in Fig. 13. The oil volume of the gear box is very
large and it is about 5,000 liter. It is difficult to control the oil pressure in the gear box by adding the air
pressure because the oil volume is too large. A small oil tank is provided at the outside of the thruster and
connected to the #3/4 seal chamber. The oil pressure in the #3/4 seal chamber is designed to follow the
air pressure in the #2/3 seal chamber by adding a revised air pressure to #3/4 oil tank.
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Fig. 13 Seal model of mechanical thruster
To simplify the test a drain tank is omitted in the test equipment. Providing a sight glass in the air supply
line to the #2/3 seal chamber can check the existence of leaking oil and seawater. The location of oil tank
for gear box is 11m above the shaft center. The seawater pressure is 0.15 Mpa (15m) and #3/4 oil tank of
which volume is 30 liter is provided at 8m (0.07 Mpa) above the shaft center. The oil pressure in the #3/4
seal chamber becomes too high when the air pressure in the #2/3 seal chamber is added directly to #3/4
oil tank. An air relay is prepared and the air pressure in the #2/3 seal chamber is revised to -0.04 Mpa by
the air relay. The revised air pressure is added to #3/4 oil tank.
The static pressure balance is shown as follows;

c Seawater pressure = 0.15 Mpa (15m)
dAir pressure in #2/3 seal chamber = 0.17 Mpa (Tightening force of #1 & #2 rings is 0.02Mpa)
eRevised air pressure added to #3/4 oil tank = 0.17 - 0.04 =0.13 Mpa
Gravity oil pressure from #3/4 oil tank = 0.07 Mpa (8m)

fOil pressure in #3/4 chamber = 0.13 + 0.07=0.2 Mpa
gOil pressure in gear box = 0.1 Mpa (11m)
Fig. 14 shows the above pressure balance. Test equipment that imitates the model in Fig. 13 is shown in
Fig. 15 and the actual outlook is shown in Fig. 16.
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Fig. 14 Pressure balance of mechanical thruster seal

Fig. 15 Test equipment of mechanical thruster seal
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Fig. 16 Outlook of test equipment of mechanical thruster seal
The test condition is shown in Table 1 and the test result is shown in Table 2 and Fig. 17.

Item

Condition

Seal size

330 Type

Shaft revolution
Lubricating Oil

Wave of water

0 r.p.m.
NEME

Esso NUTO68

SAE No.

20

Amplitude

15m±10m(5~25m)

Frequency

10 sec.

Table 1 Test condition of mechanical thruster seal
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Water pressure rising up
Measured
Pressure

Water pressure going down

Pressure change

Time lag

Pressure change

Time lag

c

Water

±0.1 MPa(100%)

―

±0.1 MPa(100%)

―

d

Air in #2/3
chamber

±0.1 MPa(100%)

0s

±0.1 MPa(100%)

0s

f

Oil in #3/4
chamber

±0.06 MPa(60%)

0s

±0.06 MPa(60%)

1.25 s

Table 2 Test result of mechanical thruster seal

Fig. 17 Pressure wave of mechanical thruster seal
As shown in Table 2 and Fig. 17, the air pressure in the #2/3 seal chamber (d) can follow the water
pressure change (e) completely. The oil pressure in #3/4 seal chamber (c) can follow the water
pressure change quite well although the response ratio is about 60 % and there is a slight time lag when
the pressure decreases. We can comment as follows from the results in Fig. 17.
(a) Air pressure in #2/3 chamber is always higher than water pressure. Water never comes in #2/3
chamber at the swinging condition.

Dynamic Positioning Conference

September 16-17, 2003

17

Return to Session Directory

Seiji Yamajo, Dr. Eng. & Isao Sasada
KOBELCO MARINE ENGINEERING

Advanced Technology of Thruster Seal

(b) Air pressure in the #2/3 seal chamber periodically becomes higher than oil pressure in the #3/4 seal
chamber. Air does not leak from the #2/3 seal chamber to the #3/4 seal chamber if the #3 sealing ring
has a sufficient tightening force. However, a small quantity of air may leak from the #2/3 seal
chamber to the #3/4 seal chamber when the #3 seal ring loses the tightening force. The air leaking
into the #3/4 seal chamber will be removed naturally through the air relay in Air Control Unit. Thus
this air leakage is not harmful to the seal system. There are some measures to avoid this air leakage if
necessary.
○ To make the oil pressure in the #3/4 oil chamber higher.
○ To add a seal ring (#3s) to increase the tightening force.
(c) Oil pressure in the #3/4 seal chamber is always kept higher than oil pressure in the gear box, so that
oil dose not leak from the gear box into the #3/4 seal chamber.
The above testing confirmed that the air seal could be used effectively in a very harsh swinging condition.
Mechanical Type Azimuth Thruster (Small Gear Box)
The sealing system shown in Fig. 13 is slightly complicated and the simplified sealing system shown in
Fig. 18 is designed when the volume of oil gear box is less than 1,000 liter. There is one air pipe
provided in the seal and no drain pipe. The seal performance would be significantly improved when
compared with the typical three lip type seal ring design regardless that the oil pressure in the gear box
may not follow seawater pressure completely.

Fig. 18 Simplified seal model of mechanical thruster
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Electric Type Azimuthing Thruster
The inside of an electric type azimuthing thruster is not filled with oil but is an air space because an
electric motor is installed in it. The sealing system shown in Fig. 19 was designed and tested in our
laboratory. It was designed in the following condition.
○ Draft from shaft center is 20m. (Seawater pressure is 0.2 Mpa)
○ Air volume in a pod is 200 liter.
○ Grease is used as a lubricant and supplemented to the #3/4 seal chamber periodically.
The sealing system operation in Fig.19 is explained as follows;
cAir, supplied from the air source within the ship, passes through the #2/3 seal chamber and is spouted
into sea. The air pressure in the #2/3 seal chamber becomes about 0.01 Mpa higher than seawater pressure
because of tightening force of #1 and #2 sealing rings.
dThe leaking seawater flows into a drain tank and can be removed when the quantity becomes more than
a certain level.
e Grease is filled in the #3/4 seal chamber and a grease pump supplements it periodically.
fThe air pressure in the pod is controlled to be 0.02 Mpa higher than the #2/3 seal chamber air pressure
by air relay.
The performance test of the grease to lubricate the seal was carried out in test equipment shown in Fig.
20.

Fig. 19 Grease seal model of electric thruster
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Fig. 20 Test equipment of grease seal
A technical key point of the air seal is that the air pressure in a thruster in which the volume is about 200
liter must sufficiently follow seawater wave activity. The performance test was done in a condition that
the amplitude of wave is ±5m in water depth of 20m. The frequency is 30 seconds. The test condition is
shown in Table 3 and the test result is shown in Fig. 21.

Item

Condition

Seal size

330 Type

Shaft revolution

N=313 r.p.m.(5.4m/s)

Eccentricity of liner

0.1 mm/dia

Sea water pressure

0.2 MPa

Wave

Amplitude

±0.05 MPa

Frequency

30 sec.

Table 3 Pressure wave test condition of electric thruster
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Fig. 21 Pressure wave of electric thruster
There are two important points in the above test result.
cAir pressure in a thruster must always be higher than the seawater pressure to prevent seawater ingress
into the thruster at any condition.
dThe pressure difference between the #2/3 seal chamber air pressure and air pressure in the thruster must
be minimized to ensure the long life of #3 and #4 sealing rings.
From Fig. 21 we can know that above two points are quite well satisfied even under large wave
conditions.
In order to study the durability of sealing rings in grease lubrication a running test was done for two
months under the conditions in Table 4. The seal was disassembled after one month and grease in each
sealing chamber was examined. The outlook is shown in Fig. 22.
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Item

Condition

Seal size

330 Type

Shaft revolution

N=313 r.p.m.(5.4m/s)

Eccentricity of liner

0.1 mm/dia

Pressure

Grease

Test hour

Water

0.03 MPa

#4 / 5

0.06 MPa

Consistency

NLGI 2

Supplement

2~3 cc / day

1st step

7 days

2nd step

2 months

Table 4 Running test condition of grease seal

Fig. 22 Grease in sealing chambers
#1/2 chamber : There was no grease on the surface of liner because of centrifugal force. This had already
been confirmed in many practical air seals. It does not affect the #1 and #2 rings because there are no
pressure differences put on #1 and #2 rings.
#2/3 chamber : There was no grease.
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#3/4 chamber : Grease had penetrated into the #4/5 seal chamber by lifting #4 ring. There was a
substantial amount of grease at the bottom part.
#4/5 chamber : There was very little grease at the bottom part.
This test result shows that the #3 and #4 sealing rings operated in a good lubricating condition because
the liner always contacts grease at the bottom part. This is a different point from that found in the #1/2
seal chamber. This difference results from the periodic supplementing of grease into the #3/4 seal
chamber. We can say that it is very important to periodically supplement grease into the #3/4 seal
chamber. The test data after two months are shown in Table 5. The change in temperature is shown in
Fig. 23 and the outlook condition of sealing rings are shown in Fig 24.

Item
Leakage

Outlook of _
sealing rings

Dimension of
sealing rings

Result

#1 & #2 rings

Water leakage is zero.(No water in #2 / 3 chamber)

#3 & #4 rings

Air in the pod is sealed well.

#1 rings

Good (No abrasion) refer to Fig.24

#2 rings

Good (No abrasion) refer to Fig.24

#3 rings

Good (No abrasion) refer to Fig.24

#4 rings

Good (No abrasion) refer to Fig.24
Inside diameter (mm)

Contacting width (mm)

#1 rings

321.9 → 325.5 (+3.6)

1.0 mm

#2 rings

321.6 → 325.5 (+3.9)

0.5 mm

#3 rings

321.8 → 325.7 (+3.9)

1.0 mm

#4 rings

321.8 → 325.8 (+4.0)

1.0 mm

Table 5 Test data after two months
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Fig. 23 Change in temperature

Fig. 24 Outlook of sealing rings
The air temperature in the #4/5 seal chamber, which is equivalent to inside of a thruster, was kept very
high (approximately 100ºC) because of the poor cooling condition of test equipment. The temperature of
grease in the #3/4 seal chamber is nearly the same as the air temperature in the #4/5 seal chamber. The
test temperature conditions appear very harsh compared with a practical thruster. The results were that
everything operated satisfactorily for two months regardless that the air temperature in the thruster was
very high. There were no water leakage and no air consumption from the pod. All sealing rings were
maintained in a good condition. We could confirm from this accelerated test that the proposed system
could be operated for 4~5 years without any problems.
Another model of seal designed using grease is shown in Fig. 25. The air pressure in the thruster is
designed to be lower than the air pressure in the #2/3 seal chamber. The main characteristic of this design
is to have four seawater sealing rings to prevent seawater from penetrating the thruster. The grease
supplemented to the #3/4 seal chamber penetrates the #2/3 seal chamber by lifting the #3 ring. Thus there
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must be enough space in the #2/3 seal chamber to accommodate the grease. Good results were obtained
from a one month running test carried out.

Fig. 25 Another grease seal model for electric thruster
Low Air Pressure in the Pod
The seal system shown in Fig. 26 is designed so that oil is used in the system as a lubricant instead of
grease. The idea comes from the stern tube seal shown in Fig. 5. The #3/4 oil seal chamber in Fig. 26 is
equivalent to the stern tube in Fig. 5. The performance of this air seal design is expected to be
comparable to the excellent service results obtained from the stern tube air seal.
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Fig. 26 Oil seal model for electric thruster

CONCLUSION
The application of the air seal will increase in future from the viewpoint of a pollution free seal system.
We have already supplied the constant air flow type stern tube seal to more than 150 ships and obtained
excellent service results on all ships. We have proposed some modified air seals for application to
azimuthing thrusters. These designs were proven to have excellent performance as thruster seals for
applications installed at a deep submerged position or operated in a harsh wave and swinging condition.
The application of air seal to meet the performance and environmental protection assurance needs of
azimuthing thrusters of offshore Dynamic Positioned vessels should be expected to increase from now on.
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