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(67)  Athruster apparatus (1) includes: a thruster ar-
rangement portion (10) provided at a hull and configured
to open in an upper-lower direction; a storage seat (20)
by which athruster (3) projecting downward from a thrust-
er arrangement portion (10) is stored in the thruster ar-
rangementportion (10); an attachment seat (15) provided
at a position, to which the storage seat (20) is fixed, of
the hull; and fixing bolts that fix the storage seat (20) to
the attachment seat (15). The thruster arrangement por-
tion (10) is surrounded by wall surfaces (13) constituting
a part of a hull structure. Locking devices (30) configured
to hold the storage seat (20) at the attachment seat (15)

when the fixing by the fixing bolts is released are provided

at the wall surfaces (13). Locked states of the locking
devices (30) can be activated or released from an upper
portion of the thrusterarrangement portion (10). With this,
the thruster of a drilling ship or the like can be detached
at a position above a draft surface in the ship by a simple
handling device such that the thruster can be inspected
or repaired at an offshore operating site.

IN-SHIP REMOVAL-TYPE THRUSTER DEVICE

N

Fig. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 876 040 A1 2

Description
Technical Field

[0001] The present invention relates to a thruster ap-
paratus including a thruster that is detachable in a ship,
the thruster being used to hold a drilling ship, a floating
production facility, or the like at a fixed point or in a fixed
direction.

Background Art

[0002] Conventionally, offshore oil and gas field have
been developed at offshore marine areas away from
lands. In recent years, water depth where the offshore
oiland the gas field are developed tends to become deep-
er. Each of many of drilling ships, floating body type pro-
ductive facilities, shuttle tankers, and the like (hereinafter
may be collectively called "the drilling ships and the like
(or the drilling ship or the like)") used for the develop-
ments at very deep marine areas includes a point holding
system or direction holding system equipped with a plu-
rality of thrusters. The drilling ship or the like controls its
posture by the plurality of thrusters. With this, the drilling
ship or the like can be held at a fixed point or in a fixed
direction without being fixed to the seabed (hereinafter,
these operations may be collectively called "the point
holding and the like (or the point holding or the like)"). In
the control of the posture for the point holding or the like,
thrust forces, thrust force directions, and the like of the
plurality of thrusters are controlled by utilizing, for exam-
ple, GPS signals even in stormy weather such that the
drilling ship or the like is held at a fixed point. The drilling
ship or the like is provided with, for example, about four
to six thrusters and can perform the point holding and
the like.

[0003] The above thrusters require periodic mainte-
nance and may break due to long-term use or require
unexpected maintenance. However, while the drilling
ship or the like is operating, for example, the drilling ship
or the like has to keep on drilling the seabed by an ex-
cavation drill, so that the drilling ship or the like cannot
leave the fixed position. Here, there is a thruster which
can be detached and replaced underwater outside the
ship when the thruster needs to be inspected or repaired
(see PTL 1, for example). However, in order to detach
the thruster underwater, for example, an operation of de-
taching the thruster underwater by divers is required. This
underwater operation includes difficult operations, such
as operations of attaching and detaching a plurality of
wires necessary to handle the thruster underwater. As
the thruster increases in size, the wires, coupling metal
fittings, and the like used to detach the thruster increase
in weight, and this makes the underwater operations of
the divers more difficult. In addition, as a lift-up device,
an inboard lift-up device and an outboard lift-up device
are required. Further, since the operation of detaching
the thruster cannot be performed depending on marine
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weather conditions outside the ship, the detaching oper-
ation may be restricted.

[0004] The thruster may be inspected or repaired by
moving the drilling ship or the like to a dock at the land.
However, in this case, the timing when the thruster is
inspected or repaired is restricted, and the inspection or
repair of the thruster requires a large amount of time and
cost.

[0005] Inrecentyears,inordertorealize the inspection
and repair of the thruster at an offshore operating site, a
device has been proposed, which is capable of pulling
the thruster up to a position above a draft surface in the
ship (in the present description and claims, the position
in the ship (inboard) denotes a position in a structure,
located above the draft surface, of the drilling ship or the
like).

[0006] One example of this type of conventional art is
a ship in which: a thruster, a thruster driving device, and
a set of accessories are incorporated in a liftable tubular
body; and the entire tubular body is lifted up and down
by a rack & pinion drive system or a hydraulic cylinder
drive system. The rack & pinion drive system is config-
ured such that: pinions are provided at a lifted body; racks
provided at a hull can extend upward; and the thruster is
pulled upward by the pinions along the racks to a position
above the draft surface. The hydraulic cylinder drive sys-
temis configured such that: alifting cylinder is suspended
under a deck; and a lifted body is lifted up and down by
the lifting cylinder (see PTL 2, for example).

Citation List
Patent Literature
[0007]

PTL 1: Japanese Laid-Open Patent Application Pub-
lication No. 59-26397
PTL 2: Japanese Patent No. 4526184

Summary of Invention
Technical Problem

[0008] In PTL 2, the entire tubular body including the
thruster and the like needs to be lifted up and down.
Therefore, the weight to be lifted up and down becomes
extremely large, so that a lifting device that lifts up and
down the tubular body has to be a special lifting device
for heavy weight. Thus, the lifting device becomes ex-
tremely expensive.

Solution to Problem

[0009] An object of the present invention is to provide
a thruster apparatus including a thruster that is detach-
able at a positon above a draft surface in a drilling ship
or the like by a simple handling device such that the
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thruster of the drilling ship or the like can be inspected
or repaired at an offshore operating site.

[0010] To achieve this object, the present invention is
an inboard detachable thruster apparatus including: a
thruster arrangement portion provided at a predeter-
mined position of a hull and configured to open in an
upper-lower direction; a thruster projecting downward
from a lower opening portion of the thruster arrangement
portion; a storage seat by which the thruster and a thrust-
er driving device are stored in the thruster arrangement
portion; an attachment seat provided at a position, to
which the storage seat is fixed, of the hull; and fixing units
configured to fix the storage seat to the attachment seat,
wherein: the thruster arrangement portion is surrounded
by wall surfaces constituting a part of a hull structure; a
locking device is provided at the wall surface and is con-
figured to hold the storage seat at the attachment seat
when the fixing by the fixing units is released; and a
locked state of the locking device is activated or released
from an upper portion of the thruster arrangement por-
tion. In the present description and claims, the "hull" de-
notes a structure, such as a drilling ship, a floating pro-
duction facility, or a shuttle tanker, floating on the ocean.
[0011] With this configuration, the upward load acting
on the thruster and the storage seat by the water-level
difference between the inside of the thruster arrangement
portion and the outside of the hull when the fixing units
that fix the thruster and the storage seat to the hull struc-
ture are detached can be held at the hull structure by the
locking device. Therefore, in a state where water is not
poured into the thruster arrangement portion, the oper-
ation of detaching the thruster and the storage seat from
the thruster arrangement portion in the ship and the op-
eration of attaching the thruster and the storage seat in
the ship can be easily performed. Therefore, hard work
underwater by divers becomes unnecessary, and two lift-
up devices and the like also become unnecessary. At the
time of the operation of pouring water into the thruster
arrangement portion and detaching the thruster and the
storage seat, the weight lifted up by the crane or the like
is only the total of the weights of the thruster main body
and the storage seat. Therefore, a lifting device for heavy
weight is not required.

[0012] Theinboard detachable thruster apparatus may
be configured such that the fixing units are attachable to
and detachable from the hull structure at a plurality of
positions in the vicinity of the storage seat in the thruster
arrangement portion.

[0013] According to this configuration, the operations
of attaching and detaching the fixing units that fix the
storage seat of the thruster, preparing operations before
lifting-up, and post operations after lifting-down can be
performed in a dry environment in the thruster arrange-
ment portion.

[0014] Theinboard detachable thruster apparatus may
be configured such that: the locking device includes a
locking piece configured to engage with the storage seat
at a flange portion formed around the storage seat; and
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by rotating a power transmission shaft, coupled to the
locking piece and extending along the wall surface in the
upper-lower direction, around an axis of the power trans-
mission shaft, the locking piece is rotated around the
power transmission shaft, and thereby, the locked state
is activated or released.

[0015] According to this configuration, by rotating the
power transmission shaft extending along the wall sur-
face of the thruster arrangement portion in the upper-
lower direction, the locking piece is rotated, and thereby,
the locked state is activated or released.

[0016] Theinboard detachable thruster apparatus may
be configured such that: the locking device includes a
wedge seat provided at an upper surface of a flange por-
tion formed around the storage seat and a locking piece
provided at the hull structure and including an engage-
ment surface thatengages with the wedge seat; and each
of the wedge seat and the engagement surface of the
locking piece is formed to have an inclination angle equal
to or smaller than a friction angle by which a wedge effect
is obtained.

[0017] According to this configuration, by rotating the
locking piece of the locking device provided at the hull
and causing the engagement surface of the locking piece
to engage with the wedge seat, the locking piece can
stably lock the wedge seat by a wedge effect. In addition,
when the upward load acts, self-lock acts by the wedge
effect. Therefore, the locking device can be configured
to have a simple mechanism.

[0018] Theinboard detachable thruster apparatus may
be configured such that: the locking device is configured
such thatthe locking piece rotates in a horizontal direction
to engage with the wedge seat; a rotary driving unit con-
figured to rotate the locking piece of the locking device
to activate or release the locking device is provided at
the upper portion of the thruster arrangement portion;
and an expansion joint is provided between the locking
device and the rotary driving unit for the locking device.
[0019] According to this configuration, since the ex-
pansion joint can prevent the upward load from acting on
the rotary driving unit, the rotary driving unit is only re-
quired to transmit the rotational force to the locking de-
vice. Thus, the rotary driving unit can be configured to
have a simple mechanism.

[0020] Theinboard detachable thruster apparatus may
be configured such that: the locking device includes a
driving unit configured to cause the locking piece to en-
gage with the wedge seat; and the driving unit is consti-
tuted by a driving machine configured to drive the locking
piece by fluid pressure. For example, a rotary ramis used
as a component configured to rotate the power transmis-
sion shaft by the fluid pressure.

[0021] According to this configuration, the operations
become simpler, for example, the locking piece can be
rotated by mechanical drive, and a plurality of locking
pieces can be rotated at the same time.

[0022] Theinboard detachable thruster apparatus may
be configured such that: the flange portion of the storage
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seat includes a seal member configured to contact the
attachment seat at a position around the fixing units; and
the locking device is arranged so as to be opposed to a
strengthening member of the storage seat.

[0023] According to this configuration, the locking de-
vice holds a portion, where the bend amount in the upper-
lower direction is small, of the flange portion. Thus, the
bent amount of the flange portion is made small, and a
compression return amount of the seal member provided
at this flange portion is made small. Thus, the seal per-
formance can be secured.

[0024] Theinboard detachable thruster apparatus may
be configured such that the thruster arrangement portion
includes: lifting guides each extending in the upper-lower
direction and configured to guide the storage seat, to
which the thruster is attached, such that the storage seat
is lifted up and down in the thruster arrangement portion;
and a driving unit configured to activate or release the
locking device.

[0025] According to this configuration, the locking de-
vice can be released by the driving unit in the thruster
arrangement portion, and the storage seat to which the
thruster is attached can be stably moved up and down
along the lifting guides.

[0026] Theinboard detachable thrusterapparatus may
be configured such that the lifting guides included in the
thruster arrangement portion are at least two lifting
guides respectively provided at opposing positions about
a center of the storage seat.

[0027] According to this configuration, the thruster and
the storage seat can be stably lifted up and down in the
thruster arrangement portion, and the operation of at-
taching and detaching the thruster in the ship can be
stably performed even if the thruster is large.

[0028] Theinboard detachable thruster apparatus may
be configured such that: the attachment seat includes
insertion guides provided at at least two positions and
configured to guide the storage seat to a predetermined
position of the attachment seat when lifting down the stor-
age seat; the thruster arrangement portion includes an
opening portion whose horizontal cross section is rec-
tangular; the at least two lifting guides are respectively
provided at the opposing wall surfaces of the thruster
arrangement portion, the opposing wall surfaces respec-
tively corresponding to short sides of the opening portion;
and the insertion guides provided at the at least two po-
sitions are respectively arranged on opposing surfaces
of the attachment seat, the opposing surfaces respec-
tively corresponding to the short sides of the opening
portion.

[0029] According to this configuration, the lifting-up
and lifting-down of the storage seat are guided by the
lifting guides respectively provided at positions away
from each other by a distance corresponding to a long
side of the opening portion. Therefore, a rotation dis-
placement amount of the storage seat to be lifted up and
down can be made small.

[0030] Theinboard detachable thrusterapparatus may
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be configured such that: each of the fixing units includes
a fixing bolt fixed to the attachment seat and a bolt hole
formed on the storage seat; each of the insertion guides
includes an insertion guide pin fixed to the attachment
seat and a pin hole formed on the storage seat; and when
lifting down the storage seat, the pin holes are guided by
the insertion guide pins, and thereby, the bolt holes of
the storage seat are positioned at the fixing bolts.
[0031] According to this configuration, by setting a re-
lation among a gap between the lifting guide and the lifting
guide metal fitting provided at the flange portion of the
storage seat, a gap between the fixing bolt and the bolt
hole of the flange portion, and agap between the insertion
guide pin and the pin hole of the flange portion to a pre-
determined relation, the bolt holes are first positioned by
the insertion guide pins even in a case where the fixing
bolts are stud bolts. Therefore, the storage seat can be
positioned relative to the attachment seat without causing
the fixing bolts and the bolt holes of the flange portion to
contact each other.

Advantageous Effects of Invention

[0032] According to the present invention, a thruster
apparatus can be provided at low cost, the thruster ap-
paratus being configured such that a thruster included in
a drilling ship or the like can be lifted up to a position
above a draft surface in the ship at an offshore operating
site to be inspected or repaired.

Brief Description of Drawings
[0033]

Fig. 1is a side view of an overall layout of an inboard
detachable thruster apparatus according to one em-
bodiment of the present invention.

Fig. 2 is an enlarged cross-sectional view taken
along line Il of Fig. 1.

Fig. 3 is an enlarged cross-sectional view taken
along line -1l of Fig. 1.

Fig. 4A is an enlarged side view of a lifting guide
shown in Fig. 1.

Fig. 4B is an enlarged front view of the lifting guide
shown in Fig. 4A.

Fig. 5 is an enlarged view of a portion V shown in
Fig. 3.

Fig. 6A is an enlarged side view showing another
example of the lifting guide shown in Fig. 4.

Fig. 6B is an enlarged front view of the lifting guide
shown in Fig. 6A.

Fig. 7A is an enlarged plan view showing a gap be-
tween an upper lifting guide of Fig. 6B and a lifting
guide metal fitting.

Fig. 7B is an enlarged plan view showing a gap be-
tween a lower lifting guide of Fig. 6B and the lifting
guide metal fitting.

Fig. 8 is an enlarged front view showing another ex-
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ample of the lifting guide metal fitting shown in Fig. 5.
Fig. 9 is a plan view of the lifting guide metal fitting
shown in Fig. 8.

Fig. 10 is an enlarged cross-sectional view of a por-
tion where a fixing bolt is provided as a fixing unit
shown in Fig. 1.

Fig. 11 is an enlarged cross-sectional view of a por-
tion where a bolt hole positioning insertion guide pin
shown in Fig. 3 is provided.

Fig. 12 is a front view of a locking device shown in
Fig. 1 and is a cross-sectional front view taken along
line XII-XII of Fig. 13.

Fig. 13 is a cross-sectional side view taken along
line XIII-X1II of Fig. 12.

Fig. 14 is a cross-sectional plan view taken along
line XIV-XIV of Fig. 13.

Fig. 15 is an enlarged view of a lock portion of a
locking device shown in Fig. 12.

Fig. 16A is a side view for explaining a procedure of
detaching the thruster apparatus of Fig. 1 in a ship.
Fig. 16B is a side view for explaining a procedure of
detaching the thruster apparatus in the ship, the pro-
cedure being subsequent to the procedure of Fig.
16A.

Fig. 17Ais a side view for explaining a procedure of
detaching the thruster apparatus in the ship, the pro-
cedure being subsequent to the procedure of Fig.
16B.

Fig. 17B is a side view for explaining a procedure of
detaching the thruster apparatus in the ship, the pro-
cedure being subsequent to the procedure of Fig.
17A.

Fig. 18Ais a side view for explaining a procedure of
attaching the thruster apparatus of Fig. 1 in the ship.
Fig. 18B is a side view for explaining a procedure of
attaching the thruster apparatus in the ship, the pro-
cedure being subsequent to the procedure of Fig.
18A.

Fig. 19Ais a side view for explaining a procedure of
attaching the thruster apparatus in the ship, the pro-
cedure being subsequent to the procedure of Fig.
18B.

Fig. 19B is a side view for explaining a procedure of
attaching the thruster apparatus in the ship, the pro-
cedure being subsequent to the procedure of Fig.
19A.

Description of Embodiments

[0034] Hereinafter, one embodiment of the present in-
vention will be explained based on the drawings. As one
example, the embodiment below will explain a lifting-type
thruster apparatus provided in a ship. In the following
explanations, a left-right direction on the sheet of Fig. 1
corresponds to a front-rear direction, and a direction per-
pendicular to the sheet of Fig. 1 corresponds to a left-
right direction. The front-rear direction and the left-right
direction are shown in Figs. 2 and 3.
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[0035] As shownin Fig. 1, according to an inboard de-
tachable thruster apparatus 1 of the present embodi-
ment, a thruster arrangement portion 10 that is open in
the upper-lower direction is provided at a predetermined
position of a hull 2, and a thruster 3 is provided so as to
project downward from a lower opening portion 11
formed at a bottom portion of the thruster arrangement
portion 10.

[0036] A horizontal cross section of the thruster ar-
rangement portion 10 is a rectangular cross section. The
thruster arrangement portion 10 extends from an upper
opening portion 12 to a lower side while keeping the same
cross section. The lower opening portion 11 whose cross-
sectional area is smaller is formed at a lower end of the
thruster arrangementportion 10. Wall surfaces 13 around
the thruster arrangement portion 10 are also referred to
as a hull structure 2. Since the hull 2 and the hull structure
2 are the same in configuration as each other, the same
reference sign is used.

[0037] The thruster 3 is provided at a storage seat 20
that stores the thruster 3 and a thruster driving device
(motor) 4. An outer shape of the storage seat 20 is formed
such that the storage seat 20 is movable in the upper-
lower direction in an internal space 17 of the thruster
arrangement portion 10. The size of a lower portion of
the storage seat 20 is set such that a predetermined gap
is formed between the lower portion of the storage seat
20 and the lower opening portion 11 formed at the lower
end of the thruster arrangement portion 10.

[0038] The lower opening portion 11 is formed at a
structural portion 14 having a predetermined thickness
at a hull bottom portion. An upper surface of the lower
opening portion 11 is an attachment seat 15 for fixing a
flange portion 21 provided around the storage seat 20.
A lower surface of the structural portion 14 is a ship bot-
tom member 16. The storage seat 20 is attached such
that a lower portion thereof is inserted in the structural
portion 14 of the lower opening portion 11. The thruster
3 projects downward from a ship bottom.

[0039] The storage seat 20 is provided with a storage
portion 22 located at a position above the flange portion
21 fixed to the attachment seat 15, and a driving device
4 is provided at an upper portion of the storage portion
22. The thruster 3 of the present embodiment is attached
to a lower surface of the storage seat 20, and a driving
shaft 5 thereof extends through the inside of the storage
portion 22 to be coupled to the driving device 4. It should
be noted that components other than the driving device
4 are not shown. By detaching the flange portion 21 of
the storage seat 20 from the attachment seat 15 of the
hull, the thruster 3 can be detached integrally with the
storage seat 20.

[0040] Each of locking devices 30 configured to hold
the flange portion 21 at the attachment seat 15 in a state
where below-described fixing units 60 are detached is
provided between the flange portion 21 provided around
the storage seat 20 and the attachment seat 15 of the hull.
[0041] A plurality of locking devices 30 are provided
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around the thruster arrangement portion 10. Each of the
locking devices 30 is provided with a power transmission
shaft 31 extending along the wall surface 13 of the thrust-
er arrangement portion 10 to an upper portion of the
thrusterarrangement portion 10. The power transmission
shaft 31 is supported by a plurality of bearings 32 pro-
vided at the wall surface 13, and parts of the power trans-
mission shaft 31 are coupled to each other by a joint 33,
provided at an intermediate portion of the power trans-
mission shaft 31, so as to be continuous in the upper-
lower direction of the thruster arrangement portion 10. A
rotary driving unit configured to activate or release the
locking device 30 is provided at an upper portion of the
power transmission shaft 31.

[0042] As described below, when an operator rotates
an operating lever 55 (see Fig. 17A) that is the rotary
driving unit provided at the upper portion of the thruster
arrangement portion 10, the locking device 30 of the
present embodiment can be activated or released
through the power transmission shaft 31. A configuration
in which: the power transmission shaft 31 is rotated by
the operatinglever 55; and as described below, the power
transmission shaft 31 rotates a locking piece 34 of the
locking device 30 is the rotary driving unit for the locking
device 30. A component that rotates the power transmis-
sion shaft 31 may be a component, such as a rotary ram
(not shown), which rotates the power transmission shaft
31 by fluid pressure. By using a mechanical drive com-
ponent, such as the rotary ram, for example, a plurality
of power transmission shafts 31 can be rotated at the
same time. The present embodiment has explained an
example of the rotary driving unit configured to activate
or release the locking device 30 by the rotary operation.
However, for example, depending on the configuration
ofthe locking device 30, a driving unit may be used, which
activates or releases the locking device 30 by a linear
operation of causing the power transmission shaft 31 to
move in the upper-lower direction. The type of the driving
unit may be determined in accordance with the configu-
ration of the locking device.

[0043] Lifting guides 40 are provided at the wall sur-
faces 13 of the thruster arrangement portion 10 so as to
extend in the upper-lower direction. Each of the lifting
guides 40 is provided continuously from a lower portion
of the thruster arrangement portion 10 to the upper por-
tion thereof. Inthe presentembodiment, two lifting guides
40 are respectively provided at positions opposed to each
other about a left-right-direction center of the storage seat
20. The storage seat 20 is guided in the upper-lower di-
rection along the lifting guides 40 in the thruster arrange-
ment portion 10. Thus, the thruster 3 can be lifted up and
down integrally with the storage seat 20. A plurality of lift-
down guides 41, which are used when the storage seat
20 taken out upward from the thruster arrangement por-
tion 10 is suspended to be put into the thruster arrange-
ment portion 10, are provided at the upper portion of the
thruster arrangement portion 10. As with the lifting guides
40, upper ends of the lift-down guides 41 are formed as
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inclined portions (see Fig. 1).

[0044] As shown in Fig. 2, the lifting guides 40 are re-
spectively arranged at two opposing positions of the wall
surfaces 13 of the thruster arrangement portion 10 having
the rectangular cross section. These two lifting guides
40 extends continuously from the lower portion of the
thruster arrangement portion 10 to the upper portion
thereof. The lifting guides 40 are respectively provided
at short-side wall surfaces (left and right wall surfaces)
13 of the rectangular cross section. Since the lifting
guides 40 are respectively provided at the short sides, a
distance between the lifting guides 40 can be made long,
thatis, can be set to a distance of along-side wall surface
(front or rear wall surface). Thus, the lifting guides 40 can
stably guide the storage seat 20. By the lifting guides 40,
lifting guide metalfittings 23 provided at the flange portion
21 (shown by a chain double-dashed line) of the storage
seat 20 are guided along the opposing wall surfaces 13
of the thruster arrangement portion 10.

[0045] A plurality of lift-down guides 41 provided at the
upper portion of the thruster arrangement portion 10 are
provided around the thruster arrangement portion 10. In
this example, two lift-down guides 41 are provided at
each of the surfaces of the thruster arrangement portion
10 having the rectangular cross section. The lift-down
guides 41 are provided such that a predetermined gap
is formed between each lift-down guide 41 and the pe-
riphery of the flange portion 21 of the storage seat 20.
The flange portion 21 shown by the chain double-dashed
line in Fig. 2 can be inserted into a center portion of the
thruster arrangement portion 10.

[0046] As showninFig. 3, the storage seat 20 to which
the thruster 3 is attached is provided such that a center
of the storage portion 22 is located at a position displaced
forward from a center of the thruster arrangement portion
10. The flange portion 21 provided around the storage
seat 20 is fixed to the attachment seat 15 by a plurality
of fixing bolts (fixing units) 60. The fixing bolts 60 can be
attached and detached inside the thruster arrangement
portion 10. Fig. 3 shows a part of the plurality of fixing
bolts 60. The fixing bolts 60 are provided at regular in-
tervals along a dashed line of Fig. 3 over the entire pe-
riphery.

[0047] A web member 26 couples a surface member
24 provided so as to be flush with the flange portion 21
of the storage seat 20 and a bottom plate member 25
(see Fig. 1) provided at the lower surface of the storage
seat 20. For weight reduction, the surface member 24 is
provided with opening portions 27 formed at portions oth-
er than a portion where the web member 26 is provided.
The surface member 24 and the web member 26 consti-
tute a girder member 28 that is a strengthening member.
[0048] A plurality of locking devices 30 are provided
around the attachment seat 15. In this example, three
locking devices 30 are provided at each of the wall sur-
faces 13 of the rectangular cross section. The locking
devices 30 are provided at opposing positions located
on extended lines of the web member 26 of the girder
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member 28. The locking devices 30 hold a structural por-
tion of the storage seat 20. The locking devices 30 are
provided at the opposing positions on the extended lines
of the girder member 28, so that even in a case where
the flange portion 21 of the storage seat 20 is bent in the
upper-lower direction by water pressure or the like, the
storage seat 20 can be stably held at portions at each of
which a bent amount is small. In a case where the bent
amount of the flange portion 21 is smaller than the bent
amountof a below-described sealmember 29 for keeping
water-tightness, the locking devices 30 do not have to
be provided at all the opposing positions on the extended
lines of the girder member 28.

[0049] Insertion guides 70 are respectively provided at
positons of the attachment seat 15 respectively close to
the wall surfaces 13 at which the lifting guides 40 are
respectively provided. With this, the storage seat 20 in-
serted in the thruster arrangement portion 10 is arranged
at a predetermined position of the attachment seat 15.
The insertion guides 70 are provided at the attachment
seat 15 so as to be respectively located at opposing po-
sitions of the lower opening portion 11. The details of the
insertion guides 70 will be described later.

[0050] Further, the lifting guides 40 are respectively
provided substantially at left and right sides of a center
line of the storage portion 22 whose center is displaced
as described above. With this, the lifting guides 40 guide
portions of the vicinities of front-rear direction gravity
centers of the storage seat 20 and the thruster 3.
[0051] As shown in Figs. 4A and 4B, the lifting guide
40 is provided so as to project from the wall surface 13
ofthe thruster arrangement portion 10 toward the internal
space 17. The lifting guide 40 is supported by lifting guide
supporting members 42 provided at the wall surface 13
of the thruster arrangement portion 10. A guide portion
43 is formed at an upper end of the lifting guide 40 of the
present embodiment. The guide portion 43 is formed to
have inclined surfaces that decrease in size toward the
upper side in a width direction and a wall surface direc-
tion, so that the flange portion 21 of the storage seat 20
is easily inserted from above.

[0052] Asshownin Fig. 5, the lifting guide metal fitting
23 guided by the lifting guide 40 is formed in a U shape
so as to be guided along three surfaces by the lifting
guide 40. The lifting guide metal fitting 23 is fixed to the
flange portion 21 of the storage seat 20. A gap Cg be-
tween the lifting guide metal fitting 23 and the lifting guide
40 is formed in each of the left-right direction and the
front-rear direction. These gaps Cg are determined de-
pending on a relation with the insertion guide 70 as de-
scribed later.

[0053] A lifting guide 45 shown in Figs. 6A and 6B is
one example different from the lifting guide 40 shown in
Figs. 4A and 4B. In the following explanations, the same
reference signs are used for the same components as in
Figs. 4A and 4B. In this example, the lifting guide 45 is
constituted by a lower lifting guide 46 and an upper lifting
guide 47. The upper lifting guide 47 is the same as the
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lifting guide 40 shown in Figs. 4A and 4B. However, re-
garding the lower lifting guide 46, the gap Cg between
the lower lifting guide 46 and the lifting guide metal fitting
23 is narrower. An upper end portion of the lower lifting
guide 46 is obliquely cut such that when lifting down the
storage seat 20, the lifting guide metalfitting 23 can easily
move from the upper lifting guide 47 to the lower lifting
guide 46. Since the other components are the same as
those of the lifting guide 40, the same reference signs
are used.

[0054] AsshowninFig. 7A,thelifting guide metalfitting
23 is lifted up and down in a state where there is the gap
Cg between the upper lifting guide 47 and the lifting guide
metal fitting 23. However, as shown in Fig. 7B, the lifting
guide metal fitting 23 is lifted up and down in a state
where there is a gap Ca between the lower lifting guide
46 and the lifting guide metal fitting 23. As above, since
the gap Ca between the lower lifting guide 46 and the
lifting guide metal fitting 23 is small, the storage seat 20
lifted down to the thruster arrangement portion 10 inte-
grally with the thruster 3 can be guided and lifted down
to a more accurate position.

[0055] As shown in Figs. 8 and 9, as the lifting guide
metalfitting 23, an upper lifting guide metal fitting 51 may
be provided at a makeshift upper lifting guide metal fitting
attachment base 50 provided at an upper portion of the
storage seat 20. The upper lifting guide metal fitting at-
tachment base 50 is provided at a position to which the
driving device 4 of the storage seat 20 is attached. The
upper lifting guide metal fitting 51 provided at the upper
lifting guide metal fitting attachment base 50 is provided
on a vertical line of the lifting guide metal fitting 23 pro-
vided at the flange portion 21 of the storage seat 20.
[0056] By providing the upper lifting guide metal fitting
51 as above, the upper lifting guide metal fitting 51 and
the lifting guide metal fitting 23 of the flange portion 21
are guided by the lifting guide 40 in a state where the
upper lifting guide metal fitting 51 and the lifting guide
metal fitting 23 are spaced apart from each other in the
upper-lower direction. Therefore, when integrally lifting
up and down the storage seat 20 and the thruster 3, the
lifting guides 40 can guide the storage seat 20 and the
thruster 3 more stably.

[0057] Therefore, according to this example, evenin a
case where the center of gravity of the storage seat 20
integrated with the thruster 3 and the center of buoyancy
of the storage seat 20 when the thruster 3 is lifted up and
down underwater as described later are different from
each other in the front-rear direction and/or the left-right
direction, the inclination of the thruster 3 when the thrust-
er 3 is lifted up and down can be prevented by the upper
lifting guide metal fittings 51 provided at the upper lifting
guide metal fitting attachment bases 50 and the lifting
guide metal fittings 23 provided at the flange portion 21,
that is, by the support at four points that are two points
at upper left and right sides of the storage seat 20 and
two points at lower left and right sides of the storage seat
20. Figs. 8 and 9 shows different components, and the
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other components are not shown.

[0058] Asshownin Fig. 10, the flange portion 21 of the
storage seat 20 is fixed to the hull 2 by the fixing bolts 60
provided at the attachment seat 15 of the hull structure
2. The fixing bolts 60 of the present embodiment are stud
bolts implanted in the attachment seat 15. The fixing bolt
60isinsertedin abolthole 61 formed on the flange portion
21, and a nut 62 is tightened to the fixing bolt 60 from
above to be fixed. The seal member 29 is provided at a
lower surface of the flange portion 21 so as to be located
at an inner side of the fixing bolt 60 of the flange portion
21. By fixing the flange portion 21 to the attachment seat
15 by the fixing bolts 60, the lower surface of the flange
portion 21 and an upper surface of the attachment seat
15 tightly contact each other to be sealed by the seal
member 29. For example, an O ring is used as the seal
member 29.

[0059] As shown in Fig. 11, the insertion guide 70 in-
cludes: an insertion guide pin 71 provided between the
fixing bolts 60; and a pin hole 72 which is formed on the
flange portion 21 and through which the insertion guide
pin 71 is inserted. A tapered portion 73 that decreases
in diameter is formed at an upper portion of the insertion
guide pin 71, so that the insertion guide pin 71 is easily,
upwardly inserted through the pin hole 72 of the flange
portion 21. According to the insertion guide 70, the pin
hole 72 of the storage seat 20 lifted down is guided by
the insertion guide pin 71, so that the fixing bolts 60 are
respectively inserted into the bolt holes 61 of the flange
portion 21.

[0060] A relation among a gap Cb between the fixing
bolt 60 and the bolt hole 61 of the flange portion 21, a
gap Cp between the insertion guide pin 71 and the pin
hole 72 of the flange portion 21, and the gap Cg between
the lifting guide 40 and the lifting guide metal fitting 23
provided at the flange portion 21 of the storage seat 20
is set so as to become a relation "Cp < Cb <Cg".
[0061] A heighth ofthe insertion guide pin 71 is slightly
higher than an upper end position of the fixing bolt 60.
The height h is set such that when the flange portion 21
is located at a lower end of the tapered portion 73, the
flange portion 21 does not contact the fixing bolt 60.
[0062] With this, even in a case where the fixing bolts
60 are the stud bolts, first, the pin holes 72 of the flange
portion 21 of the storage seat 20 lifted down are posi-
tioned by the insertion guide pins 71, and therefore, the
bolt holes 61 are positioned. On this account, the storage
seat 20 can be positioned relative to the attachment seat
15 without causing the fixing bolts 60 and the bolt holes
61 of the flange portion 21 to contact each other.
[0063] Therefore, the storage seat 20 to be lifted down
in a suspended state from above the thruster arrange-
ment portion 10 can be lifted down to an accurate position
of the attachment seat 15.

[0064] Fig. 12 is a diagram taken along line XII-XII of
Fig. 13. Fig. 13 is a diagram taken along line XIII-XIII of
Fig. 12. As shown in Figs. 12 and 13, the locking device
30 is provided at a corner portion between the hull struc-
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ture 2 that is the wall surface 13 of the thruster arrange-
ment portion 10 and the attachment seat 15. The locking
device 30 includes the locking piece 34 that projects to-
ward the flange portion 21 of the storage seat 20 or is
stored toward the wall surface 13. A rotating shaft portion
35 of the locking piece 34 is supported by an attachment
base 80 provided so as to project inward from the hull
structure 2. The attachment base 80 includes plate-
shaped members 81 spaced apart from each other in the
upper-lower direction by a predetermined distance and
each having a predetermined thickness. Each of the
plate-shaped members 81 is provided with an attachment
hole 82 penetrating therethrough in the upper-lower di-
rection. Support shafts 36 respectively provided at upper
and lower sides of the rotating shaft portion 35 are re-
spectively inserted into the attachment holes 82. With
this, the rotating shaft portion 35 is rotatably supported,
so that the locking piece 34 is rotatable in a horizontal
direction. Since the locking piece 34 is supported on the
hull structure 2 by the attachment base 80, the load sup-
ported by the locking piece 34 is supported by the hull
structure 2.

[0065] Further, the locking piece 34 is provided with a
rotary driving shaft 37 projecting upward and provided at
an upper portion of the support shaft 36 provided at an
upper portion of the rotating shaft portion 35. The rotary
driving shaft 37 of the present embodiment is formed to
have a rectangular cross section. The rotary driving shaft
37 is coupled to an expansion joint 38 provided at a lower
end of the power transmission shaft 31 located above
the rotary driving shaft 37. The expansion joint 38 allows
movements of the rotary driving shaft 37 in the upper-
lower direction. With this, by rotating the power transmis-
sion shaft 31, the rotating shaft portion 35 of the locking
piece 34 can be rotated through the expansion joint 38.
Even if the rotating shaft portion 35 is displaced upward,
the expansion joint 38 absorbs the upward displacement
of the rotary driving shaft 37, so that the upward displace-
ment is not transmitted to the power transmission shaft
31.

[0066] As above, according to the locking device 30,
the upward load acting on the locking piece 34 is sup-
ported by the hull structure 2 through the attachmentbase
80. Therefore, the upward load does not act on the power
transmission shaft 31 coupled to the rotary driving shaft
37 of the rotating shaft portion 35 through the expansion
joint 38. With this, as described above, by rotating the
power transmission shaft 31 by the rotary driving unit
provided at the upper portion of the thruster arrangement
portion 10, the locking device 30 provided at the lower
portion of the thruster arrangement portion 10 can be
operated.

[0067] As shown in Fig. 14, the locking piece 34 can
be rotated in the horizontal direction in a range of about
90° in plan view. A wedge seat 90 with which the locking
piece 34 engages is provided at the flange portion 21 of
the storage seat 20. From a position shown by a chain
double-dashed line in Fig. 14, the locking piece 34 is
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rotated about 90° toward the wedge seat 90 to engage
with an upper surface of the wedge seat 90. Thus, the
locking piece 34 becomes a locked state. A stopper 83
with which the locking piece 34 contacts when the locking
piece 34 is rotated toward the wall surface 13 is provided
at the attachment base 80. The position which is shown
by the chain double-dashed line and at which the locking
piece 34 contacts the stopper 83 is a stored position, and
the locking piece 34 is in an unlocked state.

[0068] As shown in Fig. 15, the upper surface of the
wedge seat 90 is formed as a tapered surface 91 having
an angle 6 by which a wedge effect can be obtained. An
engagement surface 39 of the locking piece 34 that en-
gages with the wedge seat 90 is also formed to have the
angle 0 thatis the same as the angle of the upper surface
of the wedge seat 90. The angle 0 is set depending on
aforce necessary to rotate the locking piece 34, a contact
area, and the like.

[0069] Next, a procedure of detaching in the ship the
thruster 3 provided in the thruster arrangement portion
10 will be explained based on Figs. 16A to 17B.

[0070] AsshowninFig. 16A, in an operating state, the
locking devices 30 are inthe locked states, and the flange
portion 21 of the storage seat 20 is being fixed to the
attachment seat 15 by the fixing bolts 60 (see Fig. 3). In
addition, the components, such as the driving device 4,
which drive the thruster 3 are also being attached. In the
operating state, the locking devices 30 may be the locked
states or the unlocked states. However, the present em-
bodiment explains a case where in the operating state,
the locking devices 30 are in the locked states.

[0071] As shown in Fig. 16B, after the thruster 3 is
stopped, as preparation for detaching the thruster 3, the
driving device 4 and the other components are detached,
and waterproof covers and the like are attached to re-
spective portions. Although many of the components are
not shown, as the specific preparation for detaching the
thruster 3, for example, pipes, electric wires, the driving
device 4, the driving shaft 5, a lubricating oil pump unit,
a swivel pump unit, and a swivel valve unit are detached,
and the waterproof covers and the like are attached to
those components. A wire 7 of a lift-up device is attached
to predetermined positions of the storage seat 20.
[0072] After that, the locked states of the locking de-
vices 30 are reconfirmed, and the fixing of the flange
portion 21 by the fixing bolts 60 is released. The fixing of
the flange portion 21 is released in such a manner that
an operator gets into the internal space 17 of the thruster
arrangement portion 10. The operator can operate in a
dry environment. With this, the storage seat 20 is held at
the attachment seat 15 only by the locking devices 30.
To be specific, when the fixing bolts 60 are detached, the
upward load acting on the thruster 3 and the storage seat
20 by the water-level difference between the inside of
the thruster arrangement portion 10 and the outside of
the hullis held at the hull structure by the locking devices
30 provided at plural positions around the storage seat
20.
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[0073] Next, as shown inFig. 17A, water is poured into
the thruster arrangement portion 10. The water is poured
until the water levelin the internal space 17 of the thruster
arrangement portion 10 becomes equal to that of an outer
draft 8. With this, water pressure acting on the thruster
3 and the storage seat 20 from outside and water pres-
sure acting on the thruster 3 and the storage seat 20 from
inside are balanced.

[0074] When the water is poured to the same level as
the outer draft 8, the operating lever 55 is attached to the
upper portion of the power transmission shaft 31, and
the operator rotates the operating lever 55. Thus, the
power transmission shaft 31 is rotated. With this, the lock-
ing piece 34 of the locking device 30 is rotated to be
unlocked (the state of the locking piece 34 shown by the
chain double-dashed line in Fig. 14). At this time, the
water pressure acting on the thruster 3 and the storage
seat 20 from outside and the water pressure acting on
the thruster 3 and the storage seat 20 from inside are
balanced. In addition, the total of downward own weights
of the storage seat 20 and the thruster 3 is larger than
upward buoyant force acting on the storage seat 20 and
the thruster 3, and these downward loads are supported
by the attachment seat 15. Therefore, the upward load
is not acting on the locking piece 34. On this account,
the locking piece 34 can be easily rotated.

[0075] After that, divers confirms whether or not the
locking devices 30 are unlocked. This operation by the
divers is just a confirmation of the unlocked states, so
that it is easy. In addition, since the divers get into the
thruster arrangement portion 10 to perform this opera-
tion, the operation can be easily performed regardless
of marine weather outside the ship.

[0076] By this operation, the operations of releasing
the components which fix the thruster 3 and the storage
seat 20 to the hull structure 2 are terminated.

[0077] After that, as shown in Fig. 17B, the storage
seat 20 is lifted up by the wire 7 of the lift-up device, such
as a winch or a crane. The storage seat 20 is lifted up in
a state where the lifting guide metal fittings 23 of the
flange portion 21 are guided by the lifting guides 40 (see
Figs. 2 and 3). Therefore, the storage seat 20 and the
thruster 3 can be integrally, stably lifted up.

[0078] In water, the weight lifted up by the wire 7 is
weight obtained by subtracting the buoyant force acting
on the storage seat 20 and the thruster 3 from the total
of the own weights of the storage seat 20 and the thruster
3. In air after the storage seat 20 and the thruster 3 are
lifted up from water, the weight lifted up by the wire 7 is
the total of the own weights of the thruster 3 and the
storage seat 20. Therefore, by the winch, the crane, or
the like capable of lifting up such weight, the thruster 3
can be detached in the ship. Therefore, a special lifting
device for heavy weight is not required, and the thruster
3 and the storage seat 20 can be lifted up and down by
a normal simple winch or the like.

[0079] The thruster 3 lifted up from the thruster ar-
rangement portion 10 in the ship is inspected or repaired
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at a predetermined place.

[0080] By the above procedure, in a state where the
point holding or the like of the drilling ship or the like is
performed at an offshore operating site, the thruster 3
projecting downward from the hull structure 2 can be de-
tached at a position above the draft surface in the ship
by a simple handling device using a winch, a crane, or
the like, and the thruster 3 can be inspected, repaired,
or the like.

[0081] Next, the procedure of attaching the thruster 3,
which has been inspected, repaired, or the like in the
ship, to the thruster arrangement portion 10 will be ex-
plained based on Figs. 18A to 19B.

[0082] AsshowninFig. 18A, in astate where the water
level in the thruster arrangement portion 10 is the same
as the water level of the outer draft 8, the thruster 3 fixed
integrally with the storage seat 20 is lifted down by the
winch, the crane, or the like to be put into the thruster
arrangement portion 10. At this time, the flange portion
21 of the storage seat 20 is guided by the lift-down guides
41 (seeFig. 2) provided at the upper portion of the thruster
arrangement portion 10. Thus, the thruster 3 can be lifted
down such that the lifting guide metal fittings 23 of the
flange portion 21 respectively engage with the lifting
guides 40 provided at the thruster arrangement portion
10 (see Figs. 2 and 3).

[0083] Then, whenthe thruster 3is lifted down together
with the storage seat 20, the insertion guide pins 71 pro-
vided at the attachment seat 15 are inserted into the pin
holes 72 provided at the flange portion 21 of the storage
seat 20 (see the chain double-dashed line in Fig. 11).
With this, the flange portion 21 is accurately positioned.
By further lifting down the storage seat 20, the fixing bolts
60 are respectively inserted into the bolt holes 61 of the
flange portion 21. Then, by further lifting down the storage
seat 20, the flange portion 21 of the storage seat 20 is
placed on the attachment seat 15 (see a solid line in Fig.
11). With this, the seal member 29 (see Fig. 10) provided
at the lower surface of the flange portion 21 tightly con-
tacts the attachment seat 15 by the own weights of the
storage seat 20 and the thruster 3. Thus, watertight seal
is realized between the inside and outside of the thruster
arrangement portion 10.

[0084] Next, as shown in Fig. 18B, the power trans-
mission shafts 31 are rotated by the operating levers 55
attached to the upper portions of the power transmission
shafts 31. With this, the locking pieces 34 of the locking
devices 30 are rotated to respectively engage with the
wedge seats 90 provided at the flange portion 21 of the
storage seat 20. Thus, the flange portion 21 is locked to
the attachment seat 15 (see a solid line in Fig. 14). In a
state where the storage seat 20 and the thruster 3 are
placed on the attachment seat 15 by their own weights,
the locking pieces 34 are rotated toward the tapered sur-
faces 91 of the wedge seats 90. Therefore, even under-
water, the locking pieces 34 can surely engage with the
wedge seats 90. The locked states by the locking devices
30 are confirmed such that the divers get into water in
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the thruster arrangement portion 10. This confirmation
operation by the divers is just the confirmation of the
locked states, so that it is easy. In addition, since the
divers get into the thruster arrangement portion 10 to
perform this operation, the operation can be easily per-
formed regardless of the marine weather outside the
ship.

[0085] By this operation, the operations of fixing the
thruster 3 and the storage seat 20 to the attachment seat
15 of the hull structure 2 by the locking devices 30 are
completed.

[0086] Next, as shown in Fig. 19A, the entire water in
the thruster arrangement portion 10 is discharged. At this
time, since the flange portion 21 and the attachment seat
15 are fixed to each other by the locking devices 30 as
described above, the internal space 17 of the thruster
arrangement portion 10 is sealed water-tightly by the seal
member 29 provided between the flange portion 21 and
the attachment seat 15. By discharging the entire water,
the inside of the thruster arrangement portion 10 be-
comes the dry environment (space).

[0087] Next, as shown in Fig. 19B, the wire 7 of a lift-
up device is detached. The flange portion 21 around the
storage seat 20 is fixed by the fixing bolts 60 provided at
the attachment seat 15 (see the state shown by the solid
line in Fig. 11). Since these operations are performed
after the water is discharged from the thruster arrange-
ment portion 10, these are performed in the dry environ-
ment and can be easily performed. With this, the storage
seat 20 and the thruster 3 are fixed to the hull structure 2.
[0088] After that, the waterproof covers and the like
attached when detaching the thruster 3 are detached.
Then, various components are attached. Although many
of the components are not shown, specifically, pipes,
electric wires, the driving device 4, the driving shaft 5,
the lubricating oil pump unit, the swivel pump unit, the
swivel valve unit, and the like are attached. After the com-
ponents are attached, the adjustment of the devices and
the confirmation of the driving are performed.

[0089] By the above procedure, in a state where the
point holding or the like of the drilling ship or the like is
performed at an offshore operating site, the thruster 3
can be attached to the lower portion of the thruster ar-
rangement portion 10 in the ship by the simple handling
device using the winch, the crane, or the like.

[0090] As above, according to the inboard detachable
thruster apparatus 1, in a state where the point holding
or the like of the drilling ship or the like is performed at
an offshore operating site, the thruster 3 projecting from
the ship bottom can be detached in the ship. Therefore,
the thruster 3 detached in the ship can be inspected,
repaired, or the like in the ship.

[0091] After the detached thruster 3 is inspected or re-
paired, it may be attached to the thruster arrangement
portion 10, or while the detached thruster 3 is being in-
spected orrepaired, the other thruster 3 may be arranged
atthe thruster arrangement portion 10. Thus, while main-
taining the point holding or the like of the hull, a part of
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the thrusters 3 can be easily inspected, repaired, or re-
placed.

[0092] Further, since a lifting device for heavy weight
is not required for the purpose of detaching the thruster
3 in the ship, the inboard detachable thruster apparatus
1 can be configured at low cost.

[0093] Since the operation of detaching the thruster 3
in the ship does not have to be performed underwater
outside the ship, the operation of detaching the thruster
3 can be quickly performed without being affected by
weather at the time of malfunctions or the like of the
thruster 3.

[0094] The above embodiment has explained an ex-
ample in which the implanted fixing bolts (fixing units) 60
are used as the fixing units that fix the flange portion 21
of the storage seat 20 to the attachment seat 15. How-
ever, the fixing units may be tap bolts to be inserted from
above the flange portion 21 or may be the other units.
The fixing units are not limited to the above embodiment.
[0095] Thelocking device 30 of the above embodiment
becomes the locked state in such a manner that the lock-
ing piece 34 engages with the wedge seat 90. However,
the locking device may become the locked state by a
component other than the wedge seat 90. The configu-
ration of the locking device 30 is not limited to the above
embodiment. In addition, the locking device 30 is activat-
ed or released by rotating the locking piece 34. However,
the locking device 30 may be activated or released by a
linear movement method instead of the rotary movement
method, and the method is not limited to the above em-
bodiment.

[0096] Further, the foregoing has explained an exam-
pleinwhich two lifting guides 40 are respectively provided
at the opposing wall surfaces 13 of the thruster arrange-
ment portion 10. However, as long as the storage seat
20 can be stably lifted up and down, one lifting guide or
three lifting guides may be used. The configuration of the
lifting guide 40 is not limited to the above embodiment.

[0097] The above embodiment is one example, and
various modifications may be made within the scope of
the presentinvention. The presentinvention is not limited
to the above embodiment.

Industrial Applicability

[0098] The inboard detachable thruster apparatus ac-
cording to the present invention can be utilized in the
drilling ship or the like in which the thruster is desired to
be detached in the ship to be inspected, repaired, or the
like while the point holding or the like of the ship is being
performed on the ocean.

Reference Signs List
[0099]

1 inboard detachable thruster apparatus
2 hull (hull structure)
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1"

3 thruster

7 wire

8 outer draft

10  thruster arrangement portion

11 lower opening portion

12 upper opening portion

13 wall surface (hull structure)

15  attachment seat

17  internal space

20 storage seat

21 flange portion

22  storage portion

23  lifting guide metal fitting

28  girder member (strengthening member)
29  seal member

30 locking device

31  power transmission shaft (rotary driving unit)
34  locking piece

38  expansion joint

39 engagement surface

40  lifting guide

41  lift-down guide

42  lifting guide supporting member
43  guide portion

45  lifting guide

46  lower lifting guide

47  upper lifting guide

50  upper lifting guide metal fitting attachment base
51  upper lifting guide metal fitting

55  operating lever (rotary driving unit)
60 fixing bolt (fixing unit)

61  bolt hole

70  insertion guide

71  insertion guide pin

72  pin hole

80 attachment base

90 wedge seat

91 tapered surface

Claims

1. An inboard detachable thruster apparatus compris-
ing:

athruster arrangement portion provided ata pre-
determined position of a hull and configured to
open in an upper-lower direction;

a thruster projecting downward from a lower
opening portion of the thruster arrangement por-
tion;

a storage seat by which the thruster and a thrust-
er driving device are stored in the thruster ar-
rangement portion;

an attachment seat provided at a position, to
which the storage seat is fixed, of the hull; and
fixing units configured to fix the storage seat to
the attachment seat, wherein:
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the thruster arrangement portion is sur-
rounded by wall surfaces constituting a part
of a hull structure;

a locking device is provided at the wall sur-
face and is configured to hold the storage
seat at the attachment seat when the fixing
by the fixing units is released; and

a locked state of the locking device is acti-
vated or released from an upper portion of
the thruster arrangement portion.

The inboard detachable thruster apparatus accord-
ing to claim 1, wherein the fixing units are attachable
to and detachable from the hull structure at a plurality
of positions in the vicinity of the storage seat in the
thruster arrangement portion.

The inboard detachable thruster apparatus accord-
ing to claim 1, wherein:

the locking device includes a locking piece con-
figured to engage with the storage seat at a
flange portion formed around the storage seat;
and

by rotating a power transmission shaft, coupled
to the locking piece and extending along the wall
surface in the upper-lower direction, around an
axis of the power transmission shaft, the locking
piece is rotated around the power transmission
shaft, and thereby, the locked state is activated
or released.

4. The inboard detachable thruster apparatus accord-

ing to claim 1, wherein:

the locking device includes

a wedge seat provided at an upper surface of a
flange portion formed around the storage seat,
and

alocking piece provided at the hull structure and
including an engagement surface that engages
with the wedge seat; and

each of the wedge seat and the engagement
surface of the locking piece is formed to have
an inclination angle equal to or smaller than a
friction angle by which a wedge effect is ob-
tained.

5. The inboard detachable thruster apparatus accord-

ing to claim 4, wherein:

the locking device is configured such that the
locking piece rotates in a horizontal direction to
engage with the wedge seat;

arotary driving unit configured to rotate the lock-
ing piece of the locking device to activate or re-
lease the locking device is provided at the upper
portion of the thruster arrangement portion; and
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6.

7.

8.

10.

22

an expansion jointis provided between the lock-
ing device and the rotary driving unit for the lock-
ing device.

The inboard detachable thruster apparatus accord-
ing to claim 4, wherein:

the locking device includes a driving unit config-
ured to cause the locking piece to engage with
the wedge seat; and

the driving unit is constituted by a driving ma-
chine configured to drive the locking piece by
fluid pressure.

The inboard detachable thruster apparatus accord-
ing to any one of claims 1 to 6, wherein:

the flange portion of the storage seat includes a
seal member configured to contact the attach-
ment seat at a position around the fixing units;
and

the locking device is arranged so as to be op-
posed to a strengthening member of the storage
seat.

The inboard detachable thruster apparatus accord-
ingto claim 1, wherein the thruster arrangement por-
tion includes:

lifting guides each extending in the upper-lower
direction and configured to guide the storage
seat, to which the thruster is attached, such that
the storage seat is lifted up and down in the
thruster arrangement portion; and

a driving unit configured to activate or release
the locking device.

The inboard detachable thruster apparatus accord-
ing to claim 8, wherein the lifting guides included in
the thruster arrangement portion are at least two lift-
ing guides respectively provided at opposing posi-
tions about a center of the storage seat.

The inboard detachable thruster apparatus accord-
ing to claim 9, wherein:

the attachment seat includes insertion guides
provided at at least two positions and configured
to guide the storage seat to a predetermined po-
sition of the attachment seat when lifting down
the storage seat;

the thruster arrangement portion includes an
opening portion whose horizontal cross section
is rectangular;

the at least two lifting guides are respectively
provided at the opposing wall surfaces of the
thruster arrangement portion, the opposing wall
surfaces respectively corresponding to short
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sides of the opening portion; and

the insertion guides provided at the at least two
positions are respectively arranged on opposing
surfaces of the attachment seat, the opposing
surfaces respectively corresponding tothe short 5
sides of the opening portion.

11. The inboard detachable thruster apparatus accord-
ing to claim 10, wherein:
10
each of the fixing units includes a fixing bolt fixed
to the attachment seat and a bolt hole formed
on the storage seat;
each oftheinsertion guidesincludes aninsertion
guide pin fixed to the attachment seatand a pin 75
hole formed on the storage seat; and
when lifting down the storage seat, the pin holes
are guided by the insertion guide pins, and there-
by, the bolt holes of the storage seat are posi-
tioned at the fixing bolts. 20
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