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DESCRIPTION

Title of Invention: Thrust Generating Apparatus

Related Application

[0001] This application claims priority to and the benefit of Japanese Patent Application

No. 2009-150524, filed in Japan Patent Office on June 25, 2009, the entire disclosure of

which is incorporated herein by reference.

Technical Field
[0002] The present invention relates to a thrust generating apparatus configured to

generate propulsive force of, for example, a vessel.

Background Art

[0003] In recent years, due to shortage of energy resources and the like, it has been
required to improve the efficiency of a propulsion systerﬁ configured to generate a
propulsive force in a vessel. In the propulsion system of the vessel, a diesel engine has
the most excellent heat efficiency among various prime movers, and the propulsion
system in which the diesel engine is coupled directly or via a reducer to a propeller as a
propulsor is now the mainstream. However, it has been pointed out that the diesel
engine has an air pollution problem in terms of environmental performance. As an
environmental countermeasure of the diesel engine, an electric propulsion system
configured to rotate the propeller by an electric motor to generate the propulsive force
has been attracting attention. For example, U.S. Patent No. 6692319 discloses a
ring-shaped propulsion device for submarine vessels, the propulsion device being
configured such that propeller blades projecting in a radially inward direction are

provided on a rotor of a ring-shaped electric motor. According to this propulsion device,
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' Background Art [0003] In recent years, due to shortage of energy resources
and the like, it has been required to inprove the efficiency of a
propul sion system configured to generate a propul sive force in a vessel. In
t he propul sion system of the vessel, a2iesel engine has the nost excellent
heat efficiency anong various prine novers, and the propul sion systemin
whi ch the diesel engine is coupled directly or via a reducer to a propeller
as -a propul sor is now the mainstream However, it has been pointed out that
the diesel engine has an air pollution problemin terns of environnental
per f or mahy ahe Astation exfvihe guropeiieal blades ndeverebg ithe etdctiid encdore Sedtere siggane is an
el ectric propul sion systemconfigured to rotate the propeller by an
el ectri cejedtiedtto prodyea eiegirepilkige foropul si ve force has been attracting
attention. For exanple, U S. Patent No. 6692319 discl oses a ring-shaped
propw sion device for submari ne vessels, the propul sion device being
configured such that propeller blades projecting in a radially inward
di rect i oBumntaycMnstention a rotor of a ring-shaped electric notor.
According to this propul sion device, 2 by the rotation of the propeller
bl ades drTeMaiicdlProbinel ectric notor, water streamis ejected to produce the
propul sive force.

[0004] In the case of the propulsion device in which the propeller blades are driven by

the electric motor, heat loss occurs by heat generation of the electric motor, and this

deteriorates the efficiency. Therefore, in the electric propulsive system, how to cool the

heat generated by the electric motor is important. Here, the electric motor is integrated

in the ring-shaped propulsion device. Therefore, if a cooling device for cooling the

electric motor is added, the propulsion device becomes complex in configuration and

increases in size, which is not desirable.

[0005] An object of the present invention is to provide a thrust generating apparatus

configured to have an excellent cooling performance by a simple configuration.

Solution to Problem

[0006] A thrust generating apparatus according to the present invention is a thrust
generating apparatus provided in a liquid and configured to generate thrust by ejecting
the liquid, the thrust generating apparatus including: an annular stator at which a plurality
of coils are provided; a rotor capable of rotating positively and negatively and including
a plurality of magnets, a rotor core to which the magnets are attached and which is
constituted by a magnetic body, and an annular rotor main body to which the rotor core is
attached; a propeller blade provided on a radially inner side of the rotor main body and
formed integrally with the rotor main body; a first liquid lubricated bearing provided on

one side of the rotor main body, opposed to one side surface and outer peripheral surface



- Summary of Invention Technical Problem[0004] In the case of the propul sion
device in which the propeller blades are driven by the electric notor, heat
| oss occurs by heat generation of the electric notor, and this deteriorates
the efficiency. Therefore, in the electgic propulsive system how to cool

t he heat generated by the electric notor is inportant. Here, the electric
notor is integrated in the ring-shaped propul sion device. Therefore, if a
cooling device for cooling the electric notor is added, the propul sion

devi ce becones conplex in configuration and increases in size, which is not
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apparatus according to the present invention is a thrust genérating

appar at Ushdbtét S8 shrfac dnd @ik pRAGh&GANr e 8 tHerotR 4R bB Y, M SonBYured
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one side surface and outer peripheral surtace
liquid conveyance tube through which the liquid having flowed through the first liquid
intake port is guided to the second liquid lubricated bearing; and a second liquid
conveyance tube through which the liquid having flowed through the second liquid
intake port is guided to the first liquid lubricated bearing.
[0007] According to the above configuration, when the propeller blade positively
rotates, the liquid is ejected from one side of the propeller blade toward the other side,
and the pressure at the second liquid intake port becomes high. Therefore, by the
pressure difference, the liquid is supplied from the second liquid intake port through the
second liquid conveyance tube to the first liquid lubricated bearing. When the propeller
blade negatively rotates, the liquid is ejected from the other side of the propeller blade to
the one side, and the pressure at the first liquid intake port becomes high. Therefore, by
the pressure difference, the liquid is supplied from the first liquid intake port through the
first liquid conveyance tube to the second liquid lubricated bearing. On this account,
according to the above configuration in which the propelier biade rotates positively and
negatively together with the rotor, the sliding surfaces of the first liquid lubricated
bearing and the rotor main body and the sliding surfaces of the second liquid lubricated

bearing and the rotor main body can be lubricated by the liquid, and the rotor core which

is pro{/ided in the vicinity of the sliding surfaces and generates heat by eddy current can



3 of the rotor main body, and configured to support a thrust |oad and a
radi al |oad; a second liquid lubricated bearing provided on the other side
of the rotor main body, opposed to the other side surface and outer

peri pheral surface of the rotor main bogy, and configured to support the
thrust load and the radial load; a first liquid intake port configured to
open toward a portion of a channel, the portion being | ocated on one side
of the propeller blade; a second liquid intake port configured to open
toward anot her portion of the channel, the another portion being |ocated on
t he ot herbesiodkedddy théiEigpilopel | er bl ade; a first |liquid conveyance tube

t hrough which the liquid having flowed through the first liquid intake port
i s gui dedoo@s]t Isenceaheniduid igwisttddfibinCaicedddenthenGopaltd bade @ ARl olhief Hidd
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negatively together with the rotor, t sliding surfaces of the first
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first li u'g i nt.ake port through the first liquid conveyance tube to the

second | i“QO'&"PU¥i cat ed bearing as descri bed above. Therefore, the portion

bet ween econd liquid lubricated bearing and th otor. main hody is
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in which the propeller blade rotates, positively and negatively together
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on the rotational direction can be surely lubricated by a sinple

confi gur Aguihconveyance tube, and another check valve configured to allow only the flow of the
liquid from the second liquid intake port toward the first liquid lubricated bearing may be

provided at the second liquid conveyance tube.

[0010] According to the above configuration, one-way flow of water from the first



-+ [ 0009] A check valve configured to allow only the flow of the liquid from
the first liquid intake port toward the second |iquid |ubricated bearing
may be provided at the first |iquid conveyance tube, and anot her check

val ve configured to allow only the flowof the liquid fromthe second
liquid intake port toward the first liquid |ubricated bearing my be
provided at the second |iquid conveyance tube. [0010] According to the
above configuration, one-way flow of water fromthe first 5 liquid intake
port toward the second liquid lubricated bearing and one-way fl ow of water
from t he ligeabinchkeipgut tdwiard tieeseqarndt liquidhutdidatee Beafiag ahd qhé-tvaly Uty eatattr
bearing are ensured. Therefore, the liquid is unlikely to remain in the
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i nproves. [0011] The stator may include: an outer casing; an inner casing
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formed between the outer casing and the inner casing;, and comruni cati on

ports thraadgie sdoliap pefferrmarkiimgrapace conmuni cates with a main channel
where the propeller blade is provided. [0012] According to the above
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t hrough the conmunication ports to the cooling space in the stator, heat
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cooling space. In addition, since the cooling space comruni cates through
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tenperature increase of the liquid in the cooling space can be suppressed.
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configuration w thout providing any special cooling device.
[0012] According to the above configuration, since the liquid flowing through the main
channel is guided through the communication ports to the cooling space in the stator,
heat generating members, such as the coil, can be cooled by the liquid in the cooling
space. In addition, since the cooling space communicates through the communication
ports with the main channel where new water flows, the temperature increase of the
liquid in the cooling space can be suppressed. Therefore, the coolihg performance can
be improved by a simple configuration without providing any special cooling device.
[0013] The communication ports may be respectively provided on both sides of the
propeller blade.
[0014] According to the above configuration, when the propeller blade rotates, the
pressure on the downstream side of the propeller blade becomes higher than the pressure
on the upstream side of the propeller blade. Therefore, the liquid in the main channel
flows into the cooling space through the communication port provided downstream of the
propelier blade, and the liquid in the cooling space flows out to the main channel through
the communication port provided upstream of the propeller blade. Therefore, by the _

pressure difference, the liquid is prevented from remaining in the cooling space, and the

cooling performance can be improved.



-+ [0013] The communi cation ports may be respectively provided on both sides
of the propeller blade. [0014] According to the above configuration, when
the propeller blade rotates, the pressure on the downstream side of the
propel | er bl ade becones hi gher than thegpressure on the upstream side of
the propeller blade. Therefore, the liquid in the main channel flows into
the cooling space through the conmunication port provided downstream of the
propel l er blade, and the liquid in the cooling space flows out to the main
channel through the comuni cation port provided upstream of the propeller
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remaining in the cooling space, and the cooling perfornmance can be
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i nner casing may include fairings respectively provided on both sides of
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di aneter thereof in a direction away fromthe rotor nmain body, and gaps as
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and a large-dianeter end portion of one of the fairingsS and between the

outer cagiufg cadifig and alge-diaEREhdPICiRO6E b bfGhe tHiBn S RN be@bdd 18 -oul? 016]
According to the above configuration, by formng the gap between the outer

casi ng a@dsih?sn@ﬁqzﬁ-ge@%d@aréﬂd%n%n bhelomdrifiGingt he communi cation port
whi ch connects the main channel and the cooling Space can be forned.
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configuration. Brief scription of Draw ngs
casing and the outer end portion of the fairing, the communication port which connects

the main channel and the cooling space can be formed. Therefore, the cooling

performance can be improved by a simple configuration.

Brief Description of Drawings
[0017] [Fig. 1] Fig. 1 is a longitudinal sectional view showing a thrust generating
apparatus according to Embodiment 1 of the present invention.

[Fig. 2] Fig. 2 is a diagram showing the thrust generating apparatus of Fig. 1
when viewed from a left side in Fig. 1.

[Fig. 3] Fig. 3 is a cross-sectional view for explaining a state where the thrust
generating apparatus of Fig. 1 is mounted on a hull.

[Fig. 4] Fig. 4 is a longitudinal sectional view showing the thrust generating
apparatus according to Embodiment 2 of the present invention.

[Fig. 5] Fig. 5 is a diagram showing the thrust generating apparatus of Fig. 4

when viewed from a left side in Fig. 4.

Description of Embodiments

[0018] Hereinafter, embodiments of the present invention will be explained in reference



+[0017] [Fig. 1] Fig. 1 is a longitudinal sectional view showi ng a thrust
generating apparatus according to Embodinent 1 of the present invention.
[Fig. 2] Fig. 2 is a diagramshow ng the thrust generating apparatus of

Fig. 1 when viewed froma left side in Fig. 1. [Fig. 3] Fig. 3is a
cross-sectional view for explaining a state where the thrust generating
apparatus of Fig. 1 is nounted on a hull. [Fig. 4 Fig. 4is a

| ongi t udi nal sectional view showing the thrust generating apparatus
according to Enbodi nent 2 of the present invention. [Fig. 5] Fig. 5

s a di ags dradrhewnigeg t he thrust generating apparatus of Fig. 4 when viewed
froma left side in Fig. 4. Description of Enbodi nents

[0019] Embodiment 1

As shown in Figs. 1 and 2, a thrust generating apparatus 10 of Embodiment 1
includes: an annular stator 11 fixed to a hull; an annular rotor 12 capable of rotating
positively and negatively relative to the stator 11; a propeller member 13 formed
integrally with the rotor 12 on a radially inner side of the rotor 12; and a boss 14 formed
integrally with a radially inner tip end of the propeller member 13 and provided on a
rotation axis line X of the rotor 12.
[0020] The stator 11 includes an annular outer casing 21 and an annular inner casing 22
provided on an inner periphery side of the outer casing 21. A substantially cylindrical
space formed between the outer casing 21 and the inner casing 22 is a cooling space SI.
The outer casing 21 is a cylindrical duct on which a cable through hole 21a is partially
formed. The cable through hole 21a is closed by a lid 23. The inner casing 22 is
formed by coupling first to fourth casings 24 to 27, support rings 28 and 29, and fairings
30 and 31 by bolts. The inner casing 22 (specifically, the second casing 25) is
detachably fixed by bolts to a bracket 39 projecting from the outer casing 21 in a radially
inward direction. The bracket 39 is provided partially in a circumferential direction and
does not divide the cooling space S1.
[0021] The first casing 24 and the second casing 25 are coupled to each other by bolts
and forms a coil accommodating space S2. In the coil accommodating space S2, a
stator core 32 constituted by a magnetic body as a magnetic flux path is provided, and
armature coils 33 wind around the stator core 32. The armature coils 33 are connected
via electric cables 34 and 35 to a power supply (not shown) provided in the hull. The
electric cables 34 and 35 are coupled to each other in the cooling space S1 by water proof

connectors 34a and 35a. The electric cable 35 on the hull side penetrates the lid 23 in a



-7 to the drawi ngs. [0019] Enbodinment 1 As shown in Figs. 1 and 2, a
thrust generating apparatus 10 of Embodiment 1 includes: an annular stator
11 fixed to a hull; an annular rotor 12 capable of rotating positively and
negatively relative to the stator 11; agpropeller menber 13 forned
integrally with the rotor 12 on a radially inner side of the rotor 12; and
a boss 14 fornmed integrally with a radially inner tip end of the propeller
nmenber 13 and provided on a rotation axis line X of the rotor 12. [0020]
The stator 11 includes an annular outer casing 21 and an annul ar inner
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to each other by bolts and forns a coll accomdati ng space e coil
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a magnetic flux path 1s provided, and arnature coi aroun
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and 35 to a power supply (not s provi ctric
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proof connec ors 34a an e ectric I
penetrat ggliddial p&hiba 278 iending in the outward direction along the rotation axis line X

from an inner peripheral end of the flange portion 27a. A pair of support rings 28 and
29 are respectively fixed to outer end portions of the cylindrical portions 26b and 27b by
bolts. The support ring 28 supports one end portion of a first water conveyance tube 37
(liquid conveyance tube), and the support ring 29 supports one end portion a second
water conveyance tube 38 (liquid conveyance tube). A first water intake port 37a
(liquid intake port) that is an opening at one end portion of the first water conveyance
tube 37 is located on the same surface as an inner peripheral surface of the support ring
28 and is open toward a main channel R, and a second water intake port 38a (liquid
intake port) that is an openiﬁg at one end portion of the second water conveyance tube 38
is located on the same surface as an inner peripheral surface of the support ring 29 and is
open toward the main channel R (In Fig. 1, the second water conveyance tube 38 is
partially not shown at a portion where the second water conveyance tube 38 overlaps the
first water conveyance tube 37, and the first water conveyance tube 37 is partially not

shown at a portion where the first water conveyance tube 37 overlaps the connectors 34a

and 35a.).



8 watertight manner. An annul ar cutout portion 25a is forned at a portion
of the second casing 25, the portion corresponding to an inner peripheral
surface of the stator core 32. The annul ar cutout portion 25a is closed by
athin can 36 in a watertight manner, t&e can 36 being nmade of a nmaterial
whi ch has an insulation property and a water resisting property and is
small in eddy current |oss. [0022] The third casing 26 includes: a flange
portion 26a fixed to the second casing 25 by bolts; and a cylindrical
portion 26b extending in an outward direction along the rotation axis line
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ring 20 T (i 3LR0 oS3 REROCHET ?tﬁ%i?gfgébe%rlfppﬁlfﬁe?% %X%aﬁ%o‘#’lg’?{ g
29. The i; j . i ri 0 31

respect i VRS FRISIPR, MrRI WA TRARRS) 1 Bul R BB PR 000 s e L0t 1 o

the fairings n and e _outer casin 1 are indirectly, detachably

i nt egr at ed W %egwgesﬁo& Ak § Pcc%eﬁ‘ée &EC%EHW“&%aﬁP’é PPHS Hropel & gﬂﬁrf:é’ﬂﬁﬁ%t ween
t he outer qgg;qprtion %pb q% Bhe faﬁ{in%_ 0 and the outer casing 21 and

bet ween tRECoU SPBAYCHST MhihsHginehangel Kai ring 31 and the outer casing

21. A hol c.is formed on the fairi 30 sp as. 1o, be, ated at a

posi tion [@égl EHBH‘”H‘S‘ -1 W@tr‘?aglﬁ’rﬁ%eg%%?ﬂ%gso 0 ?%ibgfqul%&%\mﬁ@ﬂ%??{én&%i ring
30 is fixed to.the support rin , and a hole 31c is fornmed_on the fairing
31 so as afeopf%“ﬁs%cg? eﬁttthﬁ sﬁ%tgf tzli?o?P‘g\%é‘? reipi ity 284 %ﬁt@ﬁ‘&eéﬂ dxiTetatale of
the bolt by whi.ch_t he iring 31 is fixed to the support ring 29. The_ gaps
d and Cﬁ“éﬁ’&tefiheEﬁgP 8@%6155%@ @i‘&“é‘é’?\?& h&’é‘“&@ﬁrﬁ?ﬁ’i‘%&%‘ﬂbﬁl%& Bsprevidedigh
whi ch the cooling space. Si comruni cates with the main channel R 50023]
First andnCBCRE REIPDETAl SBHACHIELON betssideosuriases of a|belpyy-desantbed! catoed
bearings) are provided between the stator 11 and the rotor 12, and the

rot or 12Tain pedwntdee s & ppeppedd tEsedh other, ke gifde surfapes beimg mpposesl tereach

| ubricated bearings 40 and 41 is provided on an outer peripheral surface
and one 6thepghnths; deecdions alors the atavenogxigding Mhedlhreofisst and sedsodywaBrso as
to be opposed to each other, the side surfaces being opposed to each ot her
in the dilytsiceiedrbearingy4® Bad dotsapperh aghiust loademi a a1 {oadsactiag dnstbe ootdr wat er
| ubri cated bearings 40 and 41 support a thrust |oad and a radial |oad
acting oﬁlatimbOCi)b‘ﬂgr ‘leg Arsbodgerdabricptesl Haariog Menelndesusflangst pedtioeada agl 240

i ncl udes a.flange portion 40a and a cylindrical portion 40b extending in

t he out wayldndficabpertion 4dbogxdending inotha toutwardxdigectipmelodg the rotation axis line X



- 10 forom an inner peripheral end of the flange portion 40a, and the second
wat er | ubricated bearing 41 includes a flange portion 4l1a and a cylindrical
portion 41b extending in the outward direction along the rotation axis |ine
X froman inner peripheral end of the fipange portion 4la. Ceramic is
sprayed on sliding surfaces of the first water |ubricated bearing 40 on
which the rotor main body 43 slides, and ceramic is sprayed on sliding
surfaces of the second water |ubricated bearing 41 on which the rotor main
body 43 slides. Each of the first and second water |ubricated bearings 40
and 41 nmdyonban imste prsipherabembLiieldnde [Wrtién 80PaNA e GESGHA WatBRTDELatedY be
attached to each of a sliding portion of the first water |ubricated bearing
40 on whibekrind81 fidlQdesrBilAngd20sbrtids 43hiadas SNfhddicsl heHibs 4087kt int e
second water |ubricated bearing 41 on which the rotor main body 43 slides.
[0024] Aruawdidl difechidh fongs BRCRtAMDN OFist PN b ¥n Thifdk | RYipHealend HffRE med
between the first water lubricated bearing 40 and the third casing 26, and

an annul @lanpeibbrionSPRC e CRfarhielis sHAPET BhisliMing! REfbG Jahe firkiSwier Bgchey ween
t he second water |ubricated bearing 41 and the fourth casing 27. The ot her

end port ibearifyf 40 iR WRRANHE W6l M AR m,\:saymCﬁideg,bﬁqu&rhﬁi&gnﬂﬁggeﬁdo& Qidif
third casing 26 via a check valve 46, and the other end portion of th

first walkgifadgresanesodd Rated TubScAQN Begh S 41 Qnt uzﬁicfhoﬂll'étljat&atﬁhi'ﬁgbgdg/ ¥ta a
check valve 47. The channel in the second water conveyance tube 38

comuni c3ti&ss. WHabh b theliithf £d SP&Ewaer YiRichiR Hehehds APdnies 14r§1a¥ ﬁ@t AiB8s

channel in the first water conveyance tube 37 co nicates w e buffer

space 34 yViRathftesQE s & 8dphgaté Cerallle mBRGK ¥A xkge ?@acﬁladi W2l lo¥ o El?difl%ﬁw

fromthe second watér intake port 38a toward Irst water |ubricat

bearing 48riANGk tRerSNG4t: YRt ToAtng W) ohidi e/ hdif fﬂopggszéi{d%é

wat er intake port 37a toward the second water ricate ear

Ther ef or : i t £ i I .l nto
The 1 sEnd Btk frioh QtsccDh P Yglr 106ricA EE beafilont oK BEbio? i

t hr ough %B§y2§§ﬁ5m¥alve 47, and the water flowing through 11 the second
wat er intake port 38a into the second water conveyance tube 38 is guided to

hol es. 400 SR 5, Syl ANERuiaRe SIBE Seffnkfiidorigh FRh A foihelneBlesh he”
| ubri cat ‘ﬁqst%&ﬂ riégteﬁ Be T gté?O Q&il ﬁ{%at%?rq SRAk t26]: %}CH)&; axcé) Egmg?roé e'r{ slggce{ ﬁég

circunferenti aF} gll%l’ectl on- al regul ar intervaFs.
Cher eor 18 5y aRTRERL RO Mha K ieny e ScaP RS oy bt 9y ™™
Pubr i car S4° BESPHAG 5% 7, o Fhs B! ELRuBOIRIRR +rof wA: SmstRerctiiot e
cj et 1 on orinesded B Bk S5iEh hRACHFS 2. I8 Rer enf BRI iher enc
ther eof iﬁ%sto Ater éo%v\\%)r'gnc% rtll?beré)?t grco%écrtle tcz)dl)flel%gﬁrth casing 27 via a check valve 47.
The channel in the second water conveyance tube 38 communicates with the buffer space
S3 via the check valve 46, and the channel in the first water conveyance tube 37
communicates with the buffer space S4 via the check valve 47. The check valve 46
allows only the flow from the second water intake port 38a toward the first water
lubricated bearing 40, and the check valve 47 allows only the flow from the first water
intake port 37a toward the second water lubricated bearing 41. Therefore, the water

flowing through the first water intake port 37a into the first water conveyance tubes 37 is

guided to the buffer space S4 through the check valve 47, and the water flowing through



- [0025] The rotor 12 includes: the rotor main body 43; an annul ar rotor core
44 which externally fits the rotor main body 43 and is nmade of a nmagnetic
body to which a corrosion resistant coating is applied; and permnent
magnets 45 which are attached to the rofjor core 44 and on which the
magnetic force of the armature coils 33 act. The rotor core 44 and the
stator core 32 are provided at positions opposed to each other. By changi ng
how to supply electricity to the armature coils 33, the rotational
direction of the rotor 12 can be reversed. The rotor main body 43 includes:

a first nRebedond8vatacCiniiiebri 58, MitdlehcSICORE Yatth Cofidyahcd ikl BRES %luld%'drtf) ace
opposed to the first water |ubricated bearing 40; a second nenber

i ncl udi ngnt bafel Ssace W3l MeSuANHe QUESK vRIRE I4Bherabiusall tzR)tQ%
second wat er Iub%?%ated beéglna 41; gnd a thlrg neng 0 |nc uélng a

suppor t i grfdd bathe TRALAGoit 30a bPTIRS ﬁPﬁr\!vﬁBﬁhﬁJncﬁféﬂf@e%ﬁngf40t {faf @ Q6 core
44, [0026] The first to third nmenbers 48 to 50 are detachably fixed to one

anot her Q}Sa&ql dpart T8 ok bthEESE cﬂ%ufn?&lsﬁ%%n%ctfl&agtgl% waf §1‘1t8@al@8a0§\@d a

cylindrical portion 48b extending in the outward directron ong t

- rotation i ¢t ddcA&hé E%mlaﬁ hbf@@efOcp&ﬁﬁrHBﬁEQtles Ghth O Bulfer fshaRdgs RAK tfh@“
48a, and the second menmber 49 includes a flange portion 49 12 ’an

cylindri GaherPd iiRedtIR S3eheRWRY thd rblde IIQMBVWCﬁd i reglh{ Pa?yal gfre] po?’fel f

rotation axis line X froman inner peripheral of t

49a. An %’éc%ronsdoqi& S 42G8rRed bAghd bk %Ep{)f‘alz)}ll 9 88 (3% &G%&tﬁ g.ltbrl'gg‘t'gper 48

inthe difection along the rotation ax is athrust s I'ng surface

opposed tb‘éaﬁﬂ% 4g|sﬁ%q @)grstphfe@t zﬁ%ﬁf f?gmt&{% drotiRr i ee&r#d%fe%ﬁtafeglr%?f%l' g 40,

and an outer e surfacero ange portion e secon er 49

in the di E&?% t@hﬁngdngeendoéia%éc?ln?iapﬁ ejlec':tﬂ)% %)1%? 43¢ tcpfrbql?ﬁm%t lvntg t%lgr face

opposed to ange portion 4 e-second wat'er bear'

4L AN oufffer BRI RICLA] hég)pg]e%ﬁdﬂ;ersmssgoﬂs @%&ﬁ[ehxg%g AR po§P40r Lhe first

menber 48 i's a radia rtace 399%4 portlon

cur't ace. 4PUHHle T B2 HERUER S OGEREP oPit: «20d Rl e 9‘2 Wi o
ubr 2&%‘%@%‘@. ﬁ“’S“Ef%%r&PB*a“*ﬁb%h.cahé’ﬁ %t%f"%‘rerﬁ%%}e*gobo BE"HB A Goe
beari ngs HOCRER T O RE Te %P@aeﬁe <l PR BT RS A5 P chetfe o %%3 18 are
Lo and adbsdRsh RGH P SFF Iah%”bersgt?s@‘}g%af?%c‘)“f' D landbe

portions 48a and 49a he fi % and s nd nmenbers 48 nd 49 ts in
a radial §/’t°6ﬁ?(ﬁa¢ t(lﬁgé alt(brrfoﬁ%gj' ftf Qrﬂ¥ |aF Hoﬁ‘rté‘m?e‘?pp@ée prach BHSF Ye 44
externally fits E reces f or med bY %ge fl ange Qortlons ga and
49a of t afﬁ%‘P%PO 18 SuRRlY EleCHrisiiap o matere solis Ad te roatend JuEstieetipe

surface rti surf of the thjr [0027] The . propel | er
menber 1% gqg 2’%5?3‘@5 i xé‘(li‘etrﬁtoéﬁlai“hh‘é‘fy ‘g’:m EH’@F&F} figst pregithsr 48 inghudingi r g
menber 50 g bol ts. ropeIL er 13 includes: an outer cylindrical
portion TRASRS e wnp &7l BERCF 9PPYSEUdO s ks weleE Pebricaivgdieanog
plurality of propel | er bl ades 13b pro ecting in the radially inward

di recti o0 ASRTAY emBsr Fhinchiingihes @%ﬁnd Rutep perpheagl| Surfaes epnospdr t i on

13a so as to be %?aced apart from one another in
to the second water lubricated bearing 41; and a third member 50 including a supporting

surface contacting an inner peripheral surface of the rotor core 44.

[0026] The first to third members 48 to 50 are detachably fixed to one another by bolts.
The first member 48 includes a flange portion 48a and a cylindrical portion 48b
extending in the outward direction along the rotation axis line X from an inner peripheral

end of the flange portion 48a, and the second member 49 includes a flange portion 49a



- 13 the circunferential direction at regular intervals; and an inner
cylindrical portion 13c to which radially inner tip ends of the plurality
of propeller blades 13b are connected. The inner cylindrical portion 13c is
sandwi ched between a pair of warhead-shaped separabl e bosses 51 and 52 such
that both ends of the inner cylindrical portion 13c in the direction al ong
the rotation axis line X respectively contact |arge-di aneter ends of the
separabl e bosses 51 and 52. Each of the separable bosses 51 and 52
gradual |y decreases in dianeter toward its tip end. One separable boss 51

i ncl udes anfier %ilﬁhdﬁcﬁlqidrti@ﬁ 4B Rk itad R ihi B8 oukdart hiteddomaloRghRe tothbe akili Ch
is open toward the other side, and the other separable boss 52 includes a

bol t att apRiX gropOhk iRer pEaphdisll didi JTahe fARbd phelod Al 1 aspanRe fg batihe ool t
hol e of the bolt attaching portion 5la. By Inserting a bolt 53 into the

bol t hol gke Bhndesorioh Usabt BRfiROmRALE: 28$n BrkadiARHoR 2fbng!the ré@RGH 20k §inposses
51 and 52 are integrated with each other so as to conpressively sandw ch

the i nnerx ¢yd fhaglf kdihg BQFfﬁd.ef)d;/bpla's)'éa to thé ?lanééﬂ'ﬁorjﬂeﬁ 203 4 Hﬁaﬁréf ﬁ%lt@ﬁﬁgb;%lggfgh' ned

hol | ow nmenber whi ch gradual decreases 1 nh dianeter towar es in

- the di retehSf 30,00 dnh6utér0diad 5@ drShd hgﬁ%eﬁa&ﬁoﬁ QOIRE 1Y sk B gﬁﬂﬁf&rl 49

cylindrical portion 13c and the separabl osses 51 and 52. Th

sui t ably jdetaghédidnt 16nd et Bratideai OLRE TR Qtlgﬁgyslﬁi%lag[ &e%?afc%%psééd% fglades

13b, and the separabl e bosses 51 and 52 can be separ one anot her.

[0028] ThepRigerGiiRRng!ofRnh&ictnd e RRGIChRE @aﬁﬁgfﬁ11%41?%%&?%%&&%&1ar €

defined by i'nner peripheral surfaces of the outer i ndrica rtion 13a,

e fal y PhAR ol SnyRenordh, 38 of s R iRl I CORARIIg fRgh anc
di anet er dﬁgsge%%l Mg Cgﬁﬁéﬂi&ﬁlﬁyort‘?&f:@m?t)f W ﬁgst'cﬁatgroﬂfb'ri%'tg?'%e&i{l%gﬁ?g?% rI m one

of both ends of the €olumar portionint rection al ong on
the- ot acton PetRl RETEE LR BTRREa) B BRCoEIndend bt e
372 and S0agd SRR YRR R ARUNGEY BATLEAR RERISCRILIS el A Rald O
movante raaEraBoedl. CTEb ARBGfc, thelutiR BBt 304aE5 Mol HFE: Rne
st SS0BSAL ORcRORRL LR $RyBaTPbACHRR iRt bR 3 SO0l R0 o
Spec ool YigR, VR, OF, s dogf BBy SO 4REED PR PG50, e
64 pr o] cdbaTba AL ‘G 5BRTEYRL PEalre b aha drtaehf Bomane fhird mepbee sl
othor - affd BBRH ERtl O} e FneS ogtons Bt B TGRS
A O SisE Sracialy quivard 2o beySid 2 chind SreniieR 33! "ne Tote:

core 44 externally fits by an annular recess formed by the flange portions 48a and 49a of
the first and second members 48 and 49 and an outer peripheral surface (supporting
surface) of the third member 50.

[0027] The propeller member 13 is detachably fixed to an inner peripheral surface of
the third member 50 by bolts. The propeller member 13 includes: an outer cylindrical
portion 13a which internally fits and is fixed to the third member 50; a plurality of
propeller blades 13b projecting in the radially inward direction from an inner peripheral

surface of the outer cylindrical portion 13a so as to be spaced apart from one another in



- [ 0030] Next, operations of the thrust generating apparatus 10 will be
expl ai ned. When the nmagnetic field generated by supplying electricity to
the armature coils 33 acts on the permanent magnets 45, the rotor 12, the
propel l er menber 13, and the boss 14 inBegrally rotate. Wien the propeller
bl ades 13b positively rotate, the water is ejected fromthe propeller

bl ades 13b toward the right side in Fig. 1. Therefore, the pressure in the
vicinity of the second water intake port 38a beconmes higher than the
pressure on the left side (upstreamside) of the propeller blades 13b in
Fig. 1. @By tidisnferedsialid@edionf=rénda, inkdiealw@irel ad hnkheylifRirital paioa! 13 th1 ows
t hrough the second water intake port 38a into the second water conveyance

tube 38 witidtotudiadlydnngs, tipérdistofiehe/slueility Bf phpeBacKladbsVidbele 66eganc gLt ube
38 is guided through the check valve 46 to the buffer space S3. Then, the

wat er i nifidee chlihdrival ppate B2 i satjvachedbétiveh bhRircd faehrhest-iped 408arkle t he
first menber 48 of the rotor main body 43. This water |ubricates ‘and cool s

the sli dibogses i fand s soth thie bbil &lds BERRE S cARrichEpdrtibs t 3Wad &e dikdRkibgat ed
bearing 40, and a part of the water flows through the gap between the first

menber 48lowgaht hetatioppRIst lind Rorediectitély doneaciBdrPe-didnctétadHi8! offhe THarable
remai ni ng water flows through the gap between an outer peripheral” surface

of the robees I endt42anEatfCAB s3Parhble BOYsES 3l €ardN 92 Caliudle dsdrbabeiGn
surfaces of the second nenber 49 and the second water Tubricated bearing

41. Sincgidni@eriiid iifs B 0A4.6dORE ABpdrhiie IRPSI | ipEIuRE A HRSeiA 3P bERYRGEhihE e
right side in Fig. 1 by the positive rotation of the propeller blades 13b,

i ts reachbibnl 91LMchidines bAIE hbRL WhichBisbPRAMwWARI R OMYE sfde0thd fRe birht
side to the left side in Fig. 1 in a direction toward the first water

| ubri cat gehRese | Bes482 HRIRNET a bOE MBlcBInghPWiitth fdz‘a%lﬁd}ﬁgughb@hte%(ﬁgcond |

wat er intake port 38a into the second water conveyance tube 38 a Is tinme

i's ej ect gdrbdpoRdBB thBe 8bERbIAT thggggﬂ%cﬂ%ﬁgﬁd 58t . \@ flsertitBd Gt

bearing 40 toward the rotor main ore, rotor“main gody 43

can be synpeRd 68t Riet BELR) %ﬁtﬁﬁcft{@g SbrticHi %16 h8d Bgé,;thggeéﬁgéﬁgﬁ IB{)]%SEF'?/I AREL

wat er | ubricated bearing 40 and rotor nmain bo

l'ubricat gd., %ggtlitehr\wft‘ﬂ@%}@ét?ler M‘Q{:t& Q&ng{ézgﬁg%lk’gsﬁré&é\léﬁﬂ%g%ﬁfﬁ%\g\g?gﬁ‘% hE Y

rotate, the water Is e ected fromthe pro s 1 e left
i de i L&ianli2.Th : ; ' el it f the fi t

nt ake. pefiopy 13 N b S 14RRESS Y Sebslal® MR oty seh gty €1

t j : Ofq: D Fi . this.

G T er onagorefeh i SieblerbARE! bath e g ot Sha s afo bR R s

[ k 7a, int. £ be 37 wiith : d

R G R T Rk N G o
I 47 f e T t int ff S i

feoted Py Sty Aeleefine R Aot neh ool Bntherbnmsdr Biees TaRaRAgpe,

mai n bod 43*”T§E§ M@ierdggbri atesg&qﬁ cool s thﬁﬁSliding surfaces of the

second nefBLOIa8o%y~1 AR 28 EHNEE VAPES] (1AM W5 a9tsEar i ng 41, and a part of
h h h b h nb d_th

support 10078 53¢ Fegt ERerniER A irekroRe Frhades AP af B onadedhert RE0Red B ough

the gap between. t he, outer peripheral syrface of the rotor core 44 and the
can gGDt meﬁ&qn@b?r@l SN a%eégp{ lﬂﬁi‘e Outeg cnylrnd?ical portion 13a, tge ﬁrst and second

members 48 and 49, the support rings 28 and 29, and the fairings 30 and 31. The main
channel R includes a columnar portion; and diameter increasing portions, each of which
is continuously formed from one of both ends of the columnar portion in the direction
‘along the rotation axis line X and increases in diameter toward one of both directions
along the rotation axis line X. Each of the first and second water intake ports 37a and

38a is located at a boundary portion between the columnar portion and one of the



+sliding surfaces of the first nmenber 48 and the first water |ubricated
bearing 40. Since the water is ejected fromthe propeller blades 13b toward
the left side in Fig. 1 by the negative rotation of the propeller blades
13b, its reaction force causes the rotas nmain body 43 to nove fromthe |left
side to the right side in Fig. 1 in a direction toward the second water

| ubricated bearing 41. However, the water having flowed through the first
wat er intake port 37a into the first water conveyance tube 37 at this tine
is ejected through the ejection hole 41c of the second water |ubricated
beari ng diantaswandrehding pottons.mai n body 43. Therefore, the rotor main body 43
can- be supported by the ejected water, and the portion between the second
wat er | ulpp029at dile hieast gegerblingr@pidatisr 1 BratBhdll 04¥hodable bodyicoaRgyred to

| ubricated. [0032] According to the above configuration in which the

propel | ebe bhadsisie k3hativotiat the pRstet ioreby @iddr NRYaIHtME! Yok QS@bipRs, thiet fhrddhe
rotor 12, the sliding surfaces of the first water |ubricated bearing 40 and

t he rot ogefi@htind ashardtds a0 s hiRied|dsdi side ShriubRE eSnfurdh® saepAE thakEh the
| ubricated bearing 41 and the rotor main body 43 can be lubricated by the

- wat er, andi-tiggt digdcdion ©Pheargd vasdl.t NepdcifkRlMhisCdhodnan Fi@V3, daeill 60 ffefudes
vicinity of the sliding surfaces and generate heat by eddy current can be

cool ed bypédigeyet id 6?pé1$eitx_@ﬂﬁ% ke fRaGE Hirsctne s HERINdRCAIBRSIE S 3 PhsEett he
propel I er bl ades 13b positively rotate (that is, the sliding surfaces of

the firstroreiR&peARgddovhRl the isdidy\et B hulbanE At RthdRal WAl 64DrojRER from
different fromportions where specific pressure 1ncreases when 'the

propel | eghdbbpdasy §3kowadant wiide sttt pdsig dde oflthdpaig o?'é?fiﬁ&r?c%l of
t he second nmenber 49 and the second water .l'ubricated bearing 41). However,

the portiang 68han4the ssRes Q%Arpfreﬁqeéa%ﬁro_@hér,sadzi KHh A mh]e%tﬁﬁ:é h&hy21 o

! : . f
| ubricated in accordance with the rotational direction o propel I er

bl ades 13k fyud gf%:h&ﬁ{iﬁ'g C&F;g%riaﬁk' Nat dreNesge@R3d v@lﬁ&?%ﬁ({' Elxg@ && lffke\égg)}ﬁgosl}%%i iss

provi ded at the Tirst wa conveyance tube” 37, an e chec e

provi ded 345 (gmeg?@lmgay\@gﬁ“ngy.ance tube 38, one-way flow of 17 water
fromthe first water 1 ntake port 37a toward the second water |ubricated

Coner d t AT ARG PR B RS enb Ok P S ARSI BN ILE BREE °P0
36, Thue NGRS D gkl b o PR ARl SN ERET: Y RES o8 0PN e
and o ahaimn Bpghcis b8 e diol TF, SETRIMCERIARCE P4 i MEbof B L BREC.
tator oy ERs WiluRatabdles BRG] SERARNES robd® B her SoFistlh e drsar o
commun chtus1gh BROER Sk LR B igR P el WSREP R o R BRAE dm at ur e
o ana. o3l R B ons Rl AR RER Gt iy B BEROR cpobefefre
Ther of or 81 HENFER) SERE GYOTRIELRIER | FE . Big ing IBpRePieroyre CHETENE: ai oc
by this bhe"water in iefglglg%rﬂgﬁariel R flows through the second water intake port 38a into the

second water conveyance tube 38 without a pump, and the water in the second water

conveyance tube 38 is guided through the check valve 46 to the buffer space S3. Then,

the water in the buffer space S3 is ejected from the ejection hole 40c to the first member

48 of the rotor main body 43. This water lubricates and cools the sliding surfaces of the

first member 48 and the first water lubricated bearing 40, and a part of the water flows

through the gap between the first member 48 and the support ring 28 into the main



[ 0034] Next, maintenance work of the thrust generating apparatus 10 wl| be
expl ai ned. For exanple, when the first and second nenbers 48 and 49 or the
first and second water |ubricated bearings 40 and 41 are replaced with new
ones due to the deteriorations of the sisiding surfaces of the first and
second water |ubricated bearings 40 and 41 and the rotor main body 43, the
~bolts are suitably detached to disassenble the fairings 30 and 31, the
support rings 28 and 29, and the third and fourth casings 26 and 27. This
reali zes easy access to the first and second water |ubricated bearings 40

and 41 anflahie R.0t Dlie Fahdiningdyats flov08bdudRearr gip)Betiveen rHt @itemaéxgpmay 43,
the first and second nenbers 48 and 49 are detected fromthe third menber

50 by suisugfbty ofltHeaotdr@rd B8 aB8lths cardBE th MG dnd 8do1aRE sEAGLRArfABIRGT S 48
and 49 are fixed to the third nenber 50. Wth this, it is 18 unnecessary

to pull ab¢ sédoad mdmberc®r sdithelseodid Water Mibikat@NB&iing® 1. 2¥indd @ e RREARE MENT
work of all the sliding surfaces of the rotor main body 43 can be perforned

whi | e maicidotddfraeh eheSpidbelloiBlaged N% 1O G @oiftdifX iSR! 1 Yyl tht Spdshifet Ni rd
menber 50. Therefore, it is unnecessary for an operator to worry about

- peel - of f rofatibhef ¢Rs pRPeNE B188dsSIHRY) fits GeAltioAdfoRle EdiSes Bk Abiok Mdin Hbdy A3cdot he
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move from the right side to the left side in Fig. 1 in a direction toward the first water
lubricated bearing 40. However, the water having flowed through the second water
intake port 38a into the second water conveyance tube 38 at this time is ejected through
the ejection hole 40c of the first water lubricated bearing 40 toward the rotor main body
43. Therefore, the rotor main body 43 can be supported by the ejected water, and the
portion between the first water lubricated bearing 40 and the rotor main body 43 is
suitébly lubricated.

[0031] In contrast, when the propeller blades 13b negatively rotate, the water is ejected
from the propeller blades 13b toward the left side in Fig. 1. Therefore, the pressure in
the vicinity of the ﬁr_st water intake port 37a becomes higher than the pressure on the
right side (upstream side) of the propeller blades 13b in Fig. 1. By this pressure
difference, the water in the main channel R flows through the first water intake port 37a
into the first water conveyance tube 37 without a pump, and the water in the first water
conveyance tube 37 is guided through the check valve 47 to the buffer space S4. Then,
the water in the buffer space S4 is ejected from the ejection hole 41c to the second
member 49 of the rotor main body 43. This water lubricates and cools the sliding
surfaces of the second member 49 and the second water lubricated bearing 41, and a part
of the water flows through the gap between the second member 49 and the support ring
29 into the main channel R. The remaining water flows through the gap betWeen the

outer peripheral surface of the rotor core 44 and the can 36 to lubricate and cool the



-[ 0036] The rotor main body 43, the propeller nmenber 13, and the separable
bosses 51 and 52 are detachably fixed to one another by bolts. Therefore,
for exanple, when the propeller blades 13b break, the propeller nmenber 13
is detached fromthe rotor main body 43gand the separable bosses 51 and 52
and can be easily replaced with a new one. Thus, the ease of maintenance

i nproves. [0037] Enbodi nent 2 As shown in Figs. 4 and 5, a stator
111 of a thrust generating apparatus 110 of Enbodi ment 2 includes an
annul ar outer casing 121 and an annul ar inner casing 22 provided on an
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[0032] According to the above configuration in which the propeller blades 13b rotate
poéitively and negatively together with the rotor 12, the sliding surfaces of the first water
lubricated bearing 40 and the rotor main body 43 and the sliding surfaces of the second
water Jubricated bearing 41 and the rotor main body 43 can be lubricated by the water,
and the rotor core 44 and the like which are provided in the vicinity of the sliding
surfaces and generate heat by eddy current can be cooled by the water. Portions where
specific pressure increases when the propeller blades 13b positively rotate (that is, the
sliding surfaces of the first member 48 and the first water lubricated beafing 40) are
different from portions where specific pressure increases when the propeller blades 13b
negatively rotate (that is, the sliding surfaces of the second member 49 and the second
water lubricated bearing 41). However, the portions where the specific pressure is high
can be accurately lubricated in accordance with the rotational direction of the propeller
blades 13b by a simple configuration.

[0033] Since the check valve 47 is provided at the first water conveyance tube 37, and

the check valve 46 is provided at the second water conveyance tube 38, one-way flow of



-[0039] A gap C3 is forned between the casing main body 130 and the support
ring 28, and a gap C4 is fornmed between the casing nain body 130 and the
support ring 29. The gaps C3 and C4 serve as communi cation ports through
whi ch the cooling space S1 communi cates;a th the main channel R The inner
casing 22 (specifically, the second casing 25) is connected to the cover
131 of the outer casing 121 via the bracket 39 and is not fixed to the
casing main body 130. Therefore, at the time of maintenance, only by
detaching the bolts B and detaching the cover 131 fromthe casing nain body
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21 CLAI MR e 32, the rotor core 44, and the like can be cooled by the water in the cooling space S1.
In addition, since the cooling space S1 communicates with the main channel R where
new water flows, the temperature increase of the water in the cooling space S1 can be
suppressed. The gaps C1 and C2 and the holes 30c and 3 1¢ that are the communication
ports are separatély provided upstream and downstream of the propeller blades 13b.
Therefore, the replacement of water in the cooling space S1 is accelerated by this
pressure difference.
[0034] Next, maintenance work of the thrust generating apparatus 10 will be explained.
For example, when the first and second members 48 and 49 or the first and second water |
lubricated bearings 40 and 41 are replaced with new ones due to the deteriorations of the
sliding surfaces of the first and second water lubricated bearings 40 and 41 and the rotor

~ main body 43, the bolts are suitably detached to disassemble the fairings 30 and 31, the

support rings 28 and 29, and the third and fourth casings 26 and 27. This realizes easy
access to the first and second water lubricated bearings 40 and 41 and the rotor main
body 43.
[0035] Regarding the rotor main body 43, the first and second members 48 and 49 are
detected from the third member 50 by suitably detecting the bolts, and the new first and

second members 48 and 49 are fixed to the third member 50. With this, it is



[ 1] A thrust generating apparatus provided in a liquid and configured to
generate thrust by ejecting the liquid, the thrust generating apparatus
conprising: an annular stator at which a plurality of coils are provided;
a rotor capable of rotating positively gnd negatively and including a
plurality of magnets, a rotor core to which the magnets are attached and
which is constituted by a magnetic body, and an annular rotor main body to
which the rotor core is attached, a propeller blade provided on a
radially inner side of the rotor main body and fornmed integrally with the
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maintaining a state where the rotor core 44 externally fits the third member 50.

Therefore, it is unnecessary for an operator to worry about peel-off of the corrosion
resistant coating of the rotor core 44, and the ease of maintenance improves.
[0036] The rotor main body 43, the propeller member 13, and the separable bosses 51
and 52 are detachably fixed to one another by bolts. Therefore, for example, when the
propeller blades 13b break, the propeller member 13 is detached from the rotor main
body 43 and the separable bosses 51 and 52 and can be easily replaced with a new one.
Thus, the ease of maintenance improves.
[0037] Embodiment 2

As shown in Figs. 4 and 5, a stator 111 of a thrust generating apparatus 110 of
Embodiment 2 includes an annular outer casing 121 and an annular inner casing 22
provided on an inner periphery side of the outer casing 121. A cylindrical space formed
between thé outer casing 121 and the inner casing 22 is the cooling space S1. The outer
casing 121 includes: a casing main body 130 including an upper surface opening 130i;
and a cover 131 configured to close the upper surface opening 130i of the casing main
body 130. Since components of the thrust generating apparatus 110 are the same as
those of Embodiment 1 except for the outer casing 121, the same reference signs are used
for the same components, and detailed explanations thereof are omitted.
[0038] The casing main body 130 includes: vertical wall portions 130a and 130b
opposed to each other in the left-right direction; inner cylindrical portions 130d and 130e,
each of which projects in the outward directidn along the rotation axis line X and which
respectively form side openings 130f and 130g of the vertiéal wall portions 130a and

130b; and a flange portion 130h formed at upper ends of the vertical wall portions 130a



*a second liquid lubricated bearing provided on the other side of the rotor
mai n body, opposed to the other side surface and outer peripheral surface
of the rotor main body, and configured to support the thrust |oad and the
radi al | oad,; a first liquid intake port configured to open toward a
portion of a channel, the portion being |ocated on one side of the
propel | er bl ade; a second liquid intake port configured to open
toward anot her portion of the channel, the another portion being |ocated on
the other side of the propeller blade; a first liquid conveyance
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port is guided to the second liquid lubricated bearing; and a second
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second liquid intake port is guided to the first liquid |ubricated bearing.

22 and the outer cylindrical portion 13a. The cover 131 is detachably fixed to the flange
portion 130h of the casing main body 130 by bolts B. The cover 131 is a flat plate on
which a cable through hole 131a is partially formed. The cable through hole 131a is
closed by the lid 23. |
[0039] A gap C3 is formed between the casing main body 130 and the support ring 28,
and a gap C4 is formed between the casing main body 130 and the support ring 29. The
gaps C3 and C4 serve as communication ports through which the cooling space Sl
communicates with the main channel R. The inner casing 22 (specifically, the second
casing 25) is connected to the cover 131 of the outer casing 121 via the bracket 39 and is
not fixed to the casing main body 130. Therefore, at the time of maintenance, only by
detaching the bolts B and detaching the cover i3l from the casing main body 130, the
components of the thrust generating apparatus 110 except for the outer casing 121 can be
taken out through the upper surface opening 130i to the upper side. |
[0040] Each of the above embodiments has explained the thrust geﬁerating apparatus
which can be attached to a common large vessel. However, the thrust generating
apparatus of each of the above embodiments may be attached to a movable body
configured to be movable relative to the water on or under the water. The thrust
generating apparatus of each of the above embodiments is applicable to submersible
vessels, tugboats, and research ships and oil drilling rigs which stay at a certain position
on the water. Moreover, in the above embodiments, a pump is not used as a pressure
source for supplying the water to the water lubricated bearing. However, the pump may
be used in a certain period (for example, in a start-up period in which the propeller blade

starts rotating or in a period in which the water is forcibly supplied to the water



‘[2] :The thrust generating apparatus according to claim1, wherein: a
check valve configured to allowonly the flow of the liquid fromthe first
liquid intake port toward the second liquid |ubricated bearing is provided
at the first liquid conveyance tube; ard anot her check val ve
configured to allow only the flow of the liquid fromthe second |liquid
intake port toward the first liquid lubricated bearing is provided at the
second liquid conveyance tube. [3] The thrust generating apparatus
according to claim1, wherein the stator includes: an outer casing; an

i nner cagubrirapgddeaciag).on an i nner periphery side of the outer casing; a
cool i ng space forned between the outer casing and the inner casing; and
comuni cation ports through which the cooling space conmmunicates with a

mai n- channel where the propeller blade is provided. [4] The thrust
generati ng apparatus according to claim 3, wherein the conmmunication ports
are respectively provided on both sides of the propeller blade. [5] The

t hrust generating apparatus according to claim3, wherein: the outer casing
is formed in a duct shape;



*the-inner casing includes fairings respectively provided on both sides of
the rotor main body and each forned in a funnel shape so as to enlarge a
di aneter thereof in a direction away fromthe rotor nmain body; and
gaps as the conmunication ports are regpectively fornmed between the outer
casing and a large-dianeter end portion of one of the fairings and between
the outer casing and a | arge-dianeter end portion of the other fairing.
CLAIMS
[1] A thrust generating apparatus provided in a liquid and configured to generate
thrust by ejecting the liquid,

the thrust generating apparatus comprising:

an annular stator at which a plurality of coils are provided;

a rotor capable of rotating positively and negatively and including a plurality of
magnets, a rotor core to which the magnets are attached and which is constituted by a
magnetic body, and an annular rotor main body to which the rotor core is attached;

a propeller blade provided on a radially inner side of the rotor main body and
formed integrally with the rotor main body;

a first liquid lubricated bearing provided on one side of the rotor main body,
opposed to one side surface and outer peripheral surface of the rotor main body, and
configured to support a thrust load and a radial load;

a second liquid lubricated bearing provided on the other side of the rotor main
body, opposed to the other side surface and outer peripheral surface of the rotor main
body, and configured to support the thrust load and the radial load;

a first liquid intake port configured to open toward a portion of a channel, the
portion béing located on one side of the propeller blade;

a second liquid intake port configured to open toward another portion of the
channel, the another portion being located on the other side of the propeller blade;

a first liquid conveyance tube through which the liquid having flowed through
the first liquid intake port is guided to the second liquid lubricated bearing; and

a second liquid conveyance tube through which the liquid having flowed

through the second liquid intake port is guided to the first liquid lubricated bearing.
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2] The thrust generating apparatus according to claim 1, wherein:

a check valve configured to allow only the flow of the liquid from the first liquid
intake port toward the second liquid lubricated bearing is provided at the first liquid
conveyance tube; and

another check valve configured to allow only the flow of the liquid from the
second liquid intake port toward the first liquid lubricated bearing is provided at the

second liquid conveyance tube.

[3] The thrust generating apparatus according to claim 1, wherein the stator
includes: an outer casing; an inner casing provided on an inner periphery side of the outer
casing; a cooling space formed between the outer casing and the inner casing; and
communication ports through which the cooling space communicates with a main

channel where the propeller blade is provided.

[4] The thrust generating apparatus according to claim 3, wherein the

communication ports are respectively provided on both sides of the propeller blade.

[5] The thrust generating apparatus according to claim 3, wherein:

the outer casing is formed in a duct shape;

the inner casing includes fairings respectively provided on both sides of the rotor
main body and each formed in a funnel shape so as to enlarge a diameter thereof in a
direction away from the rotor main body; and

gaps as the communication ports are respectively formed between the outer
casing and a large-diameter end portion of one of the fairings and between the outer

casing and a large-diameter end portion of the other fairing.



