EP 1213 221 A1

Europdisches Patentamt
European Patent Office

(19) g)

Office européen des brevets

(11) EP 1 213 221 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
12.06.2002 Bulletin 2002/24

(21) Application number: 01126239.1

(22) Date of filing: 05.11.2001

(51) Intcl.”. B63H 23/32, B63H 25/42,

B63H 5/125

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE TR
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 08.12.2000 JP 2000374745

(71) Applicant: Kobelco Marine Engineering Co., Ltd.

Takasago-shi, Hyogo (JP)

(72) Inventors:
¢ Yamajyo, Seiji
Kobe-shi, Hyogo (JP)

 Matsuoka, lwao
Kakogawa-shi, Hyogo (JP)

« Katsube, Masahiro
Takasago-shi, Hyogo (JP)

(74) Representative:

Leson, Thomas Johannes Alois, Dipl.-Ing.
Tiedtke-Biihling-Kinne & Partner GbR,
TBK-Patent,

Bavariaring 4

80336 Miinchen (DE)

(54) Sealing device for pod propeller propulsion systems

(57) A sealing device for pod propeller propulsion
systems according to the present invention comprises:
apod (4) provided on a structure (3) floating on the water
so as to rotate freely about a vertical axis; a cylindrical
casing (5) connected to the rear-side of the pod (4); a
propeller shaft (7) inserted coaxially into the casing (5)
and connected to an electric motor (6) disposed in the
pod (4); a plurality of seal rings (12, 13, 14, 15) in sliding
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contact with the outer periphery of the shaft (7) for seal-
ing outside water (W); first air supplying means (26) for
supplying compressed air into an air chamber (20) de-
fined between a pair of adjacent seal rings (13, 14) out
of the plurality of seal rings (12, 13, 14, 15); and second
air supplying means (27) for supplying compressed air
having air pressure higher than air pressure (P1) in the
air chamber (20) and varying corresponding to varia-
tions in draft pressure (P) into the pod (4).
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Description

[0001] The present invention relates to a sealing de-
vice for pod propeller propulsion systems.

[0002] Inrecentyears, apod propeller propulsion sys-
tem in which an electrical power generated by a diesel
engine in the hull is transformed into an electric signal
by an electric system, and the signal is transmitted to
an electric motor in the pod rotatably mounted on the
stern of the hull by means of a wire, so that the propeller
is rotated by a propeller shaft connected to the motor
(for example, "AZIPOD", a product of ABB Azipod) has
been a focus of attention. Since the pod is freely rotat-
able outside the hull, this system has various advantag-
es such that a steering apparatus is not necessary and
the steerage is improved; that inboard noise and vibra-
tion can be reduced because it is electrically propelled;
that the variation of design such as to dispose the engine
on the bow-side of the hull expands; and the like.
[0003] Even in such a pod propeller propulsion sys-
tem, a sealing device is required as a matter of course.
The sealing device employed in this case comprises a
pod provided at the stern of the hull in such a manner
that it is able to rotate freely about the vertical axis, a
cylindrical casing connected to the pod on the stern-side
of the hull, a propeller shaft coaxially inserted into the
casing and connected to the electric motor disposed in
the pod, and a plurality of seal ring to be brought into
sliding contact with the outer periphery of the shaft to
seal off outside water.

[0004] Recently, there is a problem in that increase in
draft pressure in association with upsizing of marine
vessels promotes early damage of the seal ring, which
may cause outboard leakage of lubricant and accord-
ingly results in environmental pollution.

[0005] Therefore, as a stern tube sealing device em-
ployed in a normal marine vessel propulsion system oth-
er than the above-described pod propeller propulsion
system, an air-seal stern tube sealing device in which
sliding load on the lip of the seal ring is lowered to im-
prove durability of the seal ring by supplying com-
pressed air to an air chamber defined between an adja-
cent pair of seal rings out of a plurality of seal rings to
constantly blow off air from the chamber toward out-
board water (See Japanese Examined Utility Model
Publication No. 35249/1993, and Japanese Unexam-
ined Patent Application Publication No. 304005/1999),
or by supplying compressed air having air pressure
which varies corresponding to variation in draft pressure
and is lower than the draft pressure by a predetermined
pressure difference into the air chamber (See Japanese
Patent Publication No.2778899) is known.

[0006] In the pod propeller propulsion system of the
related art, it is necessary to solve the problem that
when the draft pressure increases with upsizing of the
marine vessel, the seal ring may be damaged at an early
stage and accordingly lubricant leaks outboard, which
may resultin environmental pollution. Therefore, itis be-
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lieved that the durability of the seal ring is improved by
adopting the above-described air-seal stern tube seal-
ing device employed in the normal marine vessel pro-
pulsion system to the rear portion of the pod that con-
stitutes the pod propeller propulsion system.

[0007] However, since an electric motor that has a
weakness for water, a radial bearing that is apt to cor-
rode due to sea water, and the like are stored in the pod
of the pod propeller propulsion system, the pod propeller
propulsion system may be fatally damaged with mere
adoption of the conventional air-seal stern tube sealing
device to the rear portion of the pod.

[0008] In other words, when the air chamber defined
at the rear portion of the pod is applied with pressure to
the extent that allows a jet of air to blow off therefrom,
or that is slightly lower than the draft pressure, com-
pressed air can easily be blown off from the seal ring on
the front-side (closer side to the pod) that constitutes
the chamber into the pod. Therefore, there may arise
another problem that outside water entered into the air
chamber leaks together with compressed air into the
pod, which may increase the possibility of breakdown of
the electric motor or corrosion of the radial bearing.
[0009] In view of such circumstances, it is an object
of the present invention to provide an air-seal type seal-
ing device for pod propeller propulsion systems, where-
in compressed air can be supplied to an air chamber
provided on the rear-side of a pod while effectively pre-
venting leakage of outside water into the pod, so that
durability of the seal ring is increased without break-
down or corrosion of internal equipment in the pod.
[0010] In order to achieve the above-described ob-
ject, the present invention devises following technical
means.

[0011] The present invention provides a sealing de-
vice for pod propeller propulsion system comprising first
air supplying means for supplying compressed air into
an air chamber defined between an adjacent pair of seal
rings out of a plurality of seal rings, and second air sup-
plying means for supplying compressed air having air
pressure higher than that in the air chamber and varying
corresponding to variations in draft pressure into a pod.
[0012] According to the present invention, since the
first air supplying means supplies compressed air into
the air chamber in a casing connected to the rear-side
of the pod, the sliding load on the lips of the seal rings
for defining the air chamber is reduced, thereby improv-
ing durability of the seal ring.

[0013] On the other hand, since the second air sup-
plying means supplies compressed air having air pres-
sure higher than that in the air chamber and varying cor-
responding to variations in draft pressure into the pod,
even when outside water enters into the air chamber be-
cause of the sliding load on the lips of the seal rings is
reduced as described above, outside water is effectively
prevented from being leaked into the pod.

[0014] Therefore, according to the present invention,
the sliding load acting upon the lips of the seal rings can
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be reduced by supplying compressed air to the air
chamber provided on the rear-side of the pod by means
of the first air supplying means while effectively prevent-
ing outside water from leaking into the pod by means of
the second air supplying means, and thus the durability
of the seal ring can be increased without breakdown or
corrosion of the internal equipment of the pod.

[0015] The preferred embodiments of the present in-
vention will now be described according to the contents
of the dependent claims.

[0016] In the presentinvention, in order to ensure im-
provement of the lifetime of the seal ring, it is necessary
to lubricate the lip of the seal ring by lubricating material
such as grease, lubricant, or the like.

[0017] Therefore, itis recommended to construct a lu-
bricant chamber between the seal ring on the front-side
out of a pair of seal rings for defining the air chamber
and a next seal ring located further on the front-side and
provide liquid supplying means for supplying a liquid lu-
bricant into the lubricant chamber.

[0018] When such aliquid supplying means is provid-
ed, since a liquid lubricant or outside water may leak into
the air camber, it is preferred to connect a drain circuit
with the air chamber for collecting them within the pod
or a structure to which the pod is mounted.

[0019] On the other hand, in order to keep the seal
ring on the rear-side (farther side from the pod) out of a
pair of seal ring for defining the air chamber lubricated,
it is preferred that a lubricant chamber defined between
the seal ring and a seal ring located further on the rear-
side is filled with lubricant highly viscous to the extent
that it cannot be blown off outside the casing even by
compressed air injected from the air chamber.

[0020] In this case, since lubricant in the lubricant
chamber positioned on the rear-side of the air chamber
has a high viscosity to the extent that it cannot be blown
off outside the casing, even when the pressure of com-
pressed air is increased to the extent that air is blown
out from the air chamber, the lubricant is prevented from
being scattered out of the casing and thus environmen-
tal pollution can be prevented in advance. When lubri-
cant filled in the lubricant chamber is highly viscous as
described above, it is not necessary to add another seal
ring on the rear-side for preventing oil leakage, whereby
the axial dimension of the sealing device may be re-
duced.

[0021] In the present invention, when employing the
sealing device of the type that blows off compressed air
through the seal ring, the first air supplying means com-
prising a first compressed air source, an air control unit
for setting the pressure of compressed air from the com-
pressed air source to the extent that air is blown off out-
side of the casing from the seal ring on the rear-side out
of a pair of seal rings that define the air chamber, and
an air piping for conducting the compressed air passed
through the air control unit to the air chamber may be
employed.

[0022] Inthis case, since airis regularly blown off from
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the air chamber, by employing a second air supplying
means comprising a second compressed air source, an
air relay for setting the air pressure of the compressed
air from the second compressed air source to a prede-
termined output pressure with the air pressure in the air
piping as a pilot pressure, and a pressurizing piping for
applying the output pressure set at the air relay to the
interior of the pod, and by setting the output pressure of
the air relay slightly higher than the air pressure in the
air chamber, compressed air having air pressure higher
than that in the air chamber and varying corresponding
to variations in draft pressure can be supplied into the
pod.

[0023] In the present invention, when employing the
sealing device of the type that the air pressure in the air
chamber can be varied, the first air supplying means
comprising a first compressed air source, an air control
unit for setting pressure of compressed air from the com-
pressed air source to a predetermined pressure and
flow rate, a detecting piping for blowing off the com-
pressed air passed through the air control unit directly
to outside water without passing through the seal ring
to detect the draft pressure, a first air relay for setting
pressure of compressed air from the first compressed
air source to predetermined output pressure corre-
sponding to the air pressure in the detecting piping as
a pilot pressure, and an air piping for applying the output
pressure predetermined at the first air relay into the air
chamber may be employed.

[0024] In this case, by setting the output pressure of
the first air relay to a value higher than the air pressure
in the detecting piping by the pressure corresponding to
a tightening force of the garter spring, the air pressure
of the air chamber can be set to the extent that air is
blown off therefrom. On the other hand, when the output
pressure of the first air relay is set to almost the same
value as the air pressure in the detecting piping or slight-
ly lower than that value, compressed air is not blown off
from the air chamber and, hence, outboard leakage of
the liquid lubricant out of the casing in association with
its blowoff may be prevented in advance, and advanta-
geously, the amount of air consumption may be reduced
as low as possible.

[0025] Inthis case, sinceitis possible to carry out con-
trol in which air is not always blown off from the air cham-
ber, compressed air having air pressure higher than that
in the air chamber and varying corresponding to varia-
tions in draft pressure can be supplied into the pod by
employing the second air supplying means comprising
a second compressed air source, a second air relay for
setting pressure of compressed air from the second
compressed air source to a predetermined output pres-
sure corresponding to the air pressure in the detecting
piping as a pilot pressure, and a pressurized piping for
applying the output pressure set at the second air relay
into the pod, and by setting the output pressure of the
second air relay slightly higher than the air pressure in
the air chamber.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

Fig. 1 is a schematic side view of the pod propeller
propulsion system according to the first embodi-
ment;

Fig. 2 is a cross sectional side view of the sealing
device according to the first embodiment;

Fig. 3 is a cross sectional view in the casing for il-
lustrating a modification of the second lubricant
chamber; and

Fig. 4 is a cross sectional side view of the sealing
device according to the second embodiment.

[0027] Referring now to the drawings, the embodi-
ment of the present invention will be described.

[0028] Figs. 1 to 3 show a first embodiment of a seal-
ing device 1 according to the present invention.

[0029] As shown in Fig. 1, the sealing device 1 of this
embodiment is designed for a pod propeller propulsion
system 2. The propulsion system 2 comprises a pod 4
provided at a stern of a hull 3 as an example of a struc-
ture floating on the water so as to rotate freely about a
vertical axis, a cylindrical casing 5 connected to the rear-
side of the pod 4, and a propeller shaft 7 inserted coax-
ially into the casing 5 and connected to an electric motor
6 disposed in the pod 4.

[0030] The end of the shaft 7 on the front-side (right
endin Fig. 1) is supported by a thrust bearing 8 disposed
at the front portion of the pod 4 so as to rotate freely but
not to move in the axial direction, and the end of the
shaft 7 on the rear-side (left end in Fig. 1) is supported
by a radial bearing 9 disposed at the rear end of the pod
4 so as to rotate freely. The end of the shaft 7 on the
rear-side projects outside the pod 4, and a propeller 10
is fixed on the projected end.

[0031] The sealing device 1 of this embodiment is an
external sealing device disposed outside the pod 4 on
the rear-side thereof, while between the radial bearing
9 and the motor 6 in the pod 4 an internal sealing device
11 is provided.

[0032] As shown in Fig. 2, the sealing device 1 de-
scribed above comprises the pod 4 provided at the stern
of the hull 3 so as to rotate freely about the vertical axis,
the cylindrical casing 5 connected to the rear-side of the
pod 4, the propeller shaft 7 inserted coaxially into the
casing 5 and connected to the electric motor 6 disposed
in the pod 4, and a plurality of seal rings 12-15 in sliding
contact with the outer periphery of the shaft 7 for sealing
outside water W.

[0033] The propeller shaft 7 comprises a shaft body
16 connected directly to the motor 6, and a cylindrical
liner 17 mounted on the axial portion of the shaft body
16 corresponding to the casing 5, wherein the lip of each
seal ring 12-15 having a proximal end fixed on the inner
peripheral surface of the casing 5 is in sliding contact
with the outer peripheral surface of the liner 17.
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[0034] The shaft 7 may be constructed only of the
shaft body 16, without providing the liner 17.

[0035] In this embodiment, there are provided four
seal rings 12-15 in total for defining an air chamber 20
within the casing 5 and lubricant chambers 21, 22 on
the rear side and front side thereof.

[0036] The first seal ring 12 disposed at the rearmost
position (left side in Fig. 2) and the second seal ring 13
disposed next to the first ring on the front-side are ori-
ented in such a manner that the tip edges of the lips face
toward the rear-side. The third seal ring 14 that is dis-
posed at the third rearmost position and the fourth seal
ring 15 disposed next to the third seal ring 14 on the
front-side are oriented in such a manner that the tip edg-
es of the lips thereof face toward the front-side (right
side in Fig. 2). The lips of the seal rings 12-15 are all
wound with ring-shaped garter springs 23 respectively.
[0037] The chamber defined between the second seal
ring 13 and the third seal ring 14 is used as an air cham-
ber 20 the inside of which is pressurized by compressed
air, and a chamber defined between the second seal ring
13 which is the rear-side one of a pair of seal rings 13,
14 defining the air chamber 20 and the first seal ring 12
that is disposed further on the rear-side thereof is used
as the first lubricant chamber 21 which is to be filled with
a high viscosity lubricant 24.

[0038] In other words, the first lubricant chamber 21
is filled with the lubricant 24 formed of grease or the like
thatis highly viscous to the extent that it cannot be blown
off outside the casing even by compressed air blown off
from the air chamber 20.

[0039] A chamber defined between the third seal ring
14 which is the front-side one of a pair of seal rings 13,
14 defining the air chamber 20 and the fourth seal ring
14 disposed further on the front-side thereof is used as
the second lubricant chamber 22 which is filled with a
liquid lubricant 25 having sufficient fluidity by liquid sup-
plying means 37 described later.

[0040] The sealing device 1 of this embodiment com-
prises a first air supplying means 26 for supplying com-
pressed air into the air chamber 20, and a second air
supplying means 27 for supplying compressed air hav-
ing air pressure higher than the air pressure P1 in the
air chamber 20 and varying corresponding to variations
in draft pressure P into the pod 4.

[0041] The first air supplying means 26 comprises a
first compressed air source 28 including a compressor
and the like disposed in the hull 3, an air control unit 29
for setting pressure of compressed air from the first com-
pressed air source 28 to the extent that air is blown off
outside the casing from the second seal ring 13 on the
rear-side out of a pair of seal rings 13, 14 defining the
air chamber 20, and an air piping 30 introducing com-
pressed air passed through the air control unit 29 to the
air chamber 20.

[0042] The air control unit 29 is provided with a pres-
sure reducing valve 31 and a flow regulating valve 32
connected at a downstream side thereof. In this embod-
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iment, the first compressed air source 28 supplying
compressed air of 7-8 (kg/cm2) is used and then the air
pressure is reduced by the pressure reducing valve 31
to about 2-3 (kg/cm2). Concurrently, the flow rate of
compressed air is set to approximately 10-40 (NI/min.)
by the flow regulating valve 32 to supply compressed
air at a constant flow rate to the air chamber 20, so that
compressed air is regularly blown off outside the casing
from the lip of the second seal ring 13.

[0043] Since the tightening force of the garter spring
23 of the seal ring 13 is generally 0.1 (kg/cm2), the air
pressure P1 in the air chamber 20 is set to P+0.1 (kg/
cm?) by the blowoff of compressed air described above,
where the draft pressure at the center of the propeller
shaft 7 of outside water W is P (kg/cm2), and thus the
air pressure P1 is controlled to vary corresponding to
variations of the draft pressure P with regularly keeping
a level higher than the draft pressure P by a constant
pressure difference.

[0044] On the other hand, the second air supplying
means 27 comprises a second compressed air source
34 including a compressor and the like disposed in the
hull 3, an air relay 35 for setting pressure of compressed
air from the second compressed air source 34 to a pre-
determined output pressure with the air pressure in the
air piping 30 as a pilot pressure, and a pressurizing pip-
ing 36 for applying the output pressure set at the air relay
35 to the interior of the pod 4.

[0045] Therefore, by setting the output pressure of the
air relay 35 slightly higher than the air pressure P1 in
the air chamber 20, compressed air having air pressure
higher than the air pressure P1 in the air chamber 20
and varying corresponding to variations in draft pres-
sure P can be supplied into the pod 4.

[0046] In this embodiment, the output pressure of the
air relay 35 is set to a value 0.2 (kg/cm2) higher than the
pilot pressure, and thus the pressure in the pod 4 can
be maintained at P1+0.2(kg/cm2)=P+0.3(kg/cm?), in
otherwords, at a pressure constantly 0.3(kg/cm?2) higher
than the draft pressure P.

[0047] The sealing device 1 of this embodiment com-
prises the liquid supplying means 37 including an oil
pump and the like for supplying the liquid lubricant 25
into the second lubricant chamber 22, and a drain circuit
38 connected to the air chamber 20 for collecting the
liquid lubricant 25 leaked into the air chamber 20 during
the supply thereof or outside water W within the pod 4
or the hull 3. The drain circuit 38 is constructed of a dis-
charge pipeline 39 connected to the air chamber 20, and
a drain tank 40 disposed in the hull 3 or the pod 4.
[0048] The liquid supplying means 37 may be con-
structed to pump the liquid lubricant 25 little by little at
a constant flow rate, or to pump the liquid lubricant 25
intermittently at constant intervals. Though the drain
tank 40 and the liquid supplying means 37 may be dis-
posed in the pod 4 if it has any room for them, it is pref-
erable to dispose them in the hull 3 so that the pod 4
can be miniaturized.
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[0049] The operation of the sealing device 1 in the
above-described construction will now be described.
[0050] Inthis embodiment, since the first air supplying
means 26 supplies compressed air into the air chamber
20 in the casing 5 that is connected to the rear side of
the pod 4, the sliding load on the lips of the respective
seal rings 13, 14 defining the air chamber 20 is reduced,
thereby improving durability of the seal rings 13, 14. Es-
pecially, in this embodiment, since compressed air is
regularly blown off from the second seal ring 13, the lip
of the ring 13 is hardly brought into sliding contact with
the outer peripheral surface of the propeller shaft 7,
thereby significantly increasing the lifetime of the sec-
ond seal ring 13.

[0051] On the other hand, since the second air sup-
plying means 27 is constructed to supply compressed
air having air pressure higher than the air pressure P1
in the air chamber 20 and varying corresponding to var-
iations in draft pressure P in the pod 4, even when out-
side water W enters into the air chamber 20 by reducing
the sliding load on the lips of the seal rings 13, 14 as
described above, further leakage of outside water W into
the pod 4 is effectively prevented.

[0052] Asis described thus far, according to the seal-
ing device 1 of this embodiment, the sliding load on the
lips of the seal rings 13, 14 may be reduced by supplying
compressed air into the air chamber 20 disposed on the
rear side of the pod 4 by the first air supplying means
26 while effectively preventing leakage of outside water
W into the pod 4 by means of the second air supplying
means 27. Therefore, durability of the seal rings 13, 14
may be improved without inducing breakdown or corro-
sion of the internal equipment of the pod 4.

[0053] According to this embodiment, since the liquid
supplying means 37 for supplying the liquid lubricant 25
into the second lubricant chamber 22 is provided and
the drain circuit 38 is connected to the air chamber 20,
even when the liquid lubricant 25 or outside water W
leaks into the air chamber 20, they can be collected with-
in the hull. Therefore, the seal ring 14 may be main-
tained in a lubricated state while preventing environ-
mental pollution in association with the blowoff of the
liquid lubricant 25 outside the casing.

[0054] In addition, in this embodiment, since the lubri-
cant 24 in the first lubricant chamber 21 is highly viscous
to the extent that it cannot be blown off outside the cas-
ing, the lubricant 24 is prevented from being scattered
outside the casing even when the pressure of com-
pressed air is increased to the extent that air is blown
off from the air chamber 20, and thus environmental pol-
lution may be prevented in advance. In addition, the ax-
ial dimension of the sealing device 1 may be reduced
since it is not necessary to provide an additional seal
ring on the rear-side for preventing oil leakage.

[0055] Fig. 3 shows a modification of the second lu-
bricant chamber 22.

[0056] In this modification, the fourth seal ring 15 con-
stituting the second lubricant chamber 22 is disposed in
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such a manner that the tip edge of the lip thereof faces
toward the rear-side. In this case, since the second lu-
bricant chamber 22 is defined between a pair of seal
rings 14 and 15 the tip edges of the lips of which face
with each other, leakage of the liquid lubricant 25 into
the pod 4 may be prevented more effectively.

[0057] As a matter of course, in this construction, it is
necessary to provide a safety valve 41 on the second
lubricant chamber 22 to prevent the internal pressure of
the second lubricant chamber 22 from increasing too
much due to a pressure force of the liquid supplying
means 37. In this case, the relief pressure of the safety
valve 41 should be set to a level approximately 0.2 (kg/
cm2) higher than the air pressure P2 in the pod 4.
[0058] Fig. 4 is a second embodiment of the sealing
device 1 according to the present invention.

[0059] The maijor difference between the first embod-
iment and the second embodiment is that the first em-
bodiment is constructed to blow off compressed air
through the seal ring, while the second embodiment is
constructed in such a manner that the air pressure in
the air chamber can be varied by blowing off com-
pressed air toward outside water without passing
through the seal ring. Other structures are almost the
same.

[0060] Therefore, only the points that differ from the
first embodiment are focused here, and the members of
the same construction or the same operation are desig-
nated by the same reference numerals and not de-
scribed here again.

[0061] As shown in Fig. 4, the first air supplying
means 26 of this embodiment comprises a first com-
pressed air source 43 including a compressor and the
like disposed in the hull 3, and an air control unit 44 for
setting pressure of compressed air from the com-
pressed air source 43 to a predetermined pressure and
a flow rate, a detecting piping 45 for blowing off com-
pressed air passed through the air control unit 44 direct-
ly toward outside water W without passing through the
seal rings 12, 13 to detect the draft pressure P, a first air
relay 46 for setting pressure of compressed air from the
first compressed air source 43 to a predetermined out-
put pressure with the air pressure in the detecting piping
45 as a pilot pressure, and an air piping 47 for applying
the output pressure predetermined at the first air relay
46 into the air chamber 20.

[0062] The air control unit 44 of this embodiment com-
prises a pressure reducing valve 48, a flow regulating
valve 49 connected at the downstream side thereof, and
the first air relay 46. While the discharge port of the de-
tecting piping 45 is disposed at the proximal portion of
the casing 5 in the figure, the discharge port may be dis-
posed on the pod 4 or the hull 3.

[0063] In the first air supplying means 43 described
above, by setting the output pressure of the first air relay
46 to a value higher than the air pressure in the detecting
piping 45 by a pressure corresponding to a tightening
force of the garter spring 23, the air pressure of the air
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chamber 20 can be set to the extent that compressed
air is blown off therefrom as in the case of the first em-
bodiment.

[0064] According to the first air supplying means 43
of this embodiment, the output pressure of the first air
relay 46 may be set to almost the same value as the air
pressure in the detecting piping 45 or slightly lower than
that value. In this case, since compressed air is not
blown off from the air chamber 20, leakage of the liquid
lubricant 25 out of the casing in association with its blow-
off may be prevented in advance, and advantageously,
the amount of air consumption may be reduced as low
as possible.

[0065] On the other hand, the second air supplying
means 27 comprises a second compressed air source
50 including a compressor and the like disposed in the
hull 3, a second air relay 51 for setting pressure of com-
pressed air from the second compressed air source 50
to a predetermined output pressure with the air pressure
in the detecting piping 45 as a pilot pressure, and a pres-
surized piping 52 for applying the output pressure set at
the second air relay 51 into the pod 4.

[0066] Therefore, according to the second air supply-
ing means 27, by setting the output pressure of the sec-
ond air relay 52 to a value slightly higher than the air
pressure P1 in the air chamber 20, compressed air hav-
ing air pressure higher than the air pressure P1 in the
air chamber 20 and varying corresponding to variations
in the draft pressure P may be supplied into the pod 4.
[0067] The present invention is not limited to the re-
spective embodiments described above, and various
modifications are possible. For example, the construc-
tion in which the first seal ring 12 is omitted and thus the
first lubricant chamber 21 is not provided is also appli-
cable.

[0068] It should be noted that the pod propeller pro-
pulsion system 2 provided on the stern portion of the
hull 3 as described above may be provided also on the
bow portion or central portion of the full 3, or various
structures floating on the water including an excavation
plant of offshore oil fields, floating aerodromes, and the
like.

[0069] As is described thus far, according to the
presentinvention, since compressed air can be supplied
to the air chamber provided at the rear portion of the pod
while effectively preventing outside water from being
leaked into the pod, durability of the seal ring may be
improved without inducing breakdown or corrosion of
the internal equipment of the pod.

[0070] The present invention relates to a sealing de-
vice, which can be utilized to seal around the shaft of
the pod propeller propulsion system provided at the rear
portion of the hull so as to rotate freely about the vertical
axis.

[0071] A sealing device for pod propeller propulsion
systems according to the present invention comprises:
apod (4) provided on a structure (3) floating on the water
so as to rotate freely about a vertical axis; a cylindrical
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casing (5) connected to the rear-side of the pod (4); a
propeller shaft (7) inserted coaxially into the casing (5)
and connected to an electric motor (6) disposed in the
pod (4); a plurality of seal rings (12, 13, 14, 15) in sliding
contact with the outer periphery of the shaft (7) for seal-
ing outside water (W); first air supplying means (26) for
supplying compressed air into an air chamber (20) de-
fined between a pair of adjacent seal rings (13, 14) out
of the plurality of seal rings (12, 13, 14, 15); and second
air supplying means (27) for supplying compressed air
having air pressure higher than air pressure (P1) in the
air chamber (20) and varying corresponding to varia-
tions in draft pressure (P) into the pod (4).

Claims

1. A sealing device for pod propeller propulsion sys-
tems, comprising:

a pod (4) provided on a structure (3) floating on
the water so as to rotate freely about a vertical
axis;

a cylindrical casing (5) connected to the rear-
side of the pod (4);

a propeller shaft (7) inserted coaxially into the
casing (5) and connected to an electric motor
6 disposed in the pod (4); and

a plurality of seal rings (12, 13, 14, 15) in sliding
contact with the outer periphery of the shaft (7)
for sealing outside water (W);

characterized in that the sealing device further
comprising:

first air supplying means (26) for supplying
compressed air into an air chamber (20) de-
fined between a pair of adjacent seal rings (13,
14) out of the plurality of seal rings (12, 13, 14,
15); and

second air supplying means (27) for supplying
compressed air having air pressure higher than
air pressure (P1) in the air chamber (20) and
varying corresponding to variations in draft
pressure (P) into the pod (4).

2. A sealing device for pod propeller propulsion sys-

tem as set forth in Claim 1, further comprising;

liquid supplying means (37) for supplying a
liquid lubricant (25) into a lubricant chamber (22)
defined between the front-side seal ring (14) out of
the pair of seal rings (13, 14) for defining the air
chamber (20) and the seal ring (15) that is disposed
further on the front side; and

a drain circuit (38) connected to the air cham-
ber (20) for collecting the liquid lubricant (25) or out-
side water (W) leaked into the air chamber (20) with-
in the structure (3).

10

15

20

25

30

35

40

45

50

55

3. A sealing device for pod propeller propulsion sys-
tem as set forth in Claim 1 or Claim 2, wherein a
lubricant (24) having a high viscosity to the extent
that it cannot be blown off outside the casing (5)
even by compressed air blown off from the air cham-
ber (20) is filled in the lubricant chamber (21) de-
fined between the rear-side seal ring (13) out of the
pair of seal rings (13, 14) defining the air chamber
(20) and the seal ring (12) disposed further on the
rear side.

4. A sealing device for pod propeller propulsion sys-
tem as set forth in any one of Claims 1 to 3, wherein
the first air supplying means (26) comprises:

a first compressed air source (28);

an air control unit (29) for setting the pressure
of compressed air from the compressed air
source (28) to the extent that air is blown off
outside the casing (5) from the rear-side seal
ring (13) out of the pair of seal rings (13, 14)
defining the air chamber (20); and

a air piping (30) for introducing the compressed
air passed through the air control unit (29) into
the air chamber (20).

5. A sealing device for pod propeller propulsion sys-
tem as set forth in Claim 4, said second air supply-
ing means (27) comprises:

a second compressed air source (34);

an air relay (35) for setting pressure of com-
pressed air from the second compressed air
source (34) to a predetermined output pressure
with the air pressure in the air piping (30) as a
pilot pressure; and

a pressurizing piping (36) for applying the out-
put pressure set at the air relay (35) to the in-
terior of the pod (4).

6. A sealing device for pod propeller propulsion sys-
tem as set forth in any one of Claim 1 to 3, wherein
the first air supplying means (26) comprising:

a first compressed air source (43);

an air control unit (44) for setting pressure of
compressed air from the compressed air
source (43) to a predetermined pressure and
flow rate;

a detecting piping (45) for blowing off the com-
pressed air passed through the air control unit
(44) directly to outside water (W) without pass-
ing through the seal ring (13) to detect the draft
pressure (P);

a first air relay (46) for setting pressure of com-
pressed air from the first compressed air source
(43) to a predetermined output pressure with
the air pressure in the detecting piping (45) as
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a pilot pressure; and
an air piping (47) for applying the output pres-
sure predetermined at the first air relay (46) into
the air chamber (20).

5
7. A sealing device for pod propeller propulsion sys-
tem as set forth in Claim 6, wherein said second air
supplying means (27) comprises:
a second compressed air source (50); 10

a second air relay (51) for setting pressure of
compressed air from the second compressed

air source (50) to a predetermined output pres-
sure with the air pressure in the detecting piping

(45) as a pilot pressure; and 15
a pressurizing piping (52) for applying the out-

put pressure set at the second airrelay (51) into

the pod (4).
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