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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. 2009-150523, 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 system 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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* [0002] The present invention relates to a thrust generating apparatus
configured to generate propul sive force of, for exanple, a vessel
Background Art [0003] In recent years, due to shortage of energy resources
and the like, it has been required to iﬁprove the efficiency of a

propul sion system configured to generate a propulsive force in a vessel. In
the propul sion systemof the vessel, a diesel engine has the npst excellent
heat efficiency anong various prine novers, and the propul sion systemin

whi ch the diesel engipe is coupled directly or via a reducer to a propeller
as a pro Ig’ﬁrrqt@%ﬁftﬂ!‘?epf%e%‘t bladas drivge Ryt thej elegfsis mbeton petentsganuts t hat

the diesel engine has an air pollution problemin terms of environnmental
per f or marféste ine papducshe BropRIR YA fosesunt er neasure of the di esel engi ne, an
el ectric propul sion systemconfigured to rotate the propeller by an
electric notor to generate the propul sive force has been attracting
attention, For exanple, U S Patent No. 6692319 discloses a ring-shaped
propul si Swmgagry-ef Inyensighmar i ne vessel s, the propul sion device being
configured such that propeller blades projecting in a radially inward
di r ect i orfegheicaptBrxobderd on a rotor of a ring-shaped electric notor.
" According to this propul sion devi ce, 2 by the rotation of .thg propel | er
bl ades dﬁl@% By & lsasee|vdere i the mongshapsdt propsisiennieiice efoe céidtharmepradeise t he
propul sive force. . . . v
. disclosed in U.S. Patent No. 6692319 is utilized as, for example, a side thruster of a
normal vessel, a duct penetrating in a left-right direction is formed at a portion of a hull,
the portion being located under a waterline, and the ring-shaped side thruster is fixed to
the hull so as to constitute a part of the duct. In such installation condition, a
disassembly operation of the side thruster is difficult. Therefore, for example, when
conducting a periodic inspection or when a malfunction has occurred, a maintenance
work burden is heavy. Also, regarding a main propulsion device that is not the side
thruster, it is desired to improve the ease of maintenance.

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

configured to have the improved ease of maintenance.

Solution to Problem

[0006] A thrust generating apparatus according to a first aspect of 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 including a plurality of magnets, an annular rotor
core to which the magnets are attached and which is constituted by a magnetic body on
which a corrosion resistant coating is formed, and an annular rotor main body externally

fitted by the rotor core; a propeller blade provided on a radially inner side of the rotor



" Sunfrary of Invention Technical Problem [0004] In a case where the
ri ng- shaped propul sion device for submarine vessels disclosed in U S
Patent No. 6692319 is utilized as, for exanple, a side thruster of a nornal
vessel, a duct penetrating in a Ieft-ri&ht direction is fornmed at a portion
of a hull, the portion being | ocated under a waterline, and the ring-shaped
side thruster is fixed to the hull so as to constitute a part of the duct.
I'n such installation condition, a disassenbly operation of the side i

a periodic

hr ust ' | fficult. Therefore, for exanple, when conducting. i
itn;chte | oDy DAY T iRes Y pith ofe ROt maan rhere andist slidiek bessingen | s
h . Al so,.,regardi ng, a i n_propul sion device that is not the side
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obj ect of the present inventiopn is to provide a thrust generating apparatus
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[0006] A thrust generating apparatus according to a first aspect of the
pr esent ilﬂﬁéﬂ? griafial Joady apd 2 f{féﬁ’é‘f é}clfh_ﬂ@ lqupaga{trw_dpd ovitbledthen sidd ofjthied and
configured to generate thrust by eJectlnqlthe l'iquid, the thrust generating
appar at usOPREMIAB9GY: BEeVidsH P he anpasest taathewpthenside shnface andyowter peripterar e
provi ded; rotor including a plurality of nagnets, an annul ar rotor core
to whi ch StHacelgthstiotesrmaiathosdyhend eonfigumed to pupporibe ithnusteldad pnd thegdli ¢
body on which a corrosion resistant coating is forned, and an annul ar rotor
mai N bodyoask tdiermin the fater mainthpdy ieclndesor fico mesmbzer imadpding dre Hillasie faeamided
on a radially inner side of the rotor o .

outer peripheral surface which are opposed to the first sliding bearing, a second member

including the side surface and outer peripheral surface which are opposed to the second

sliding bearing, and a third member including a supporting surface contacting an inner

peripheral surface of the rotor core, and the first to third members are fixed to one

another so that each member is detachable.

[0007] For example, in the case of using the rotor main body that is one component

formed by integrating a portion including the supporting surface externally fitted by the

rotor core and a portion including the sliding surfaces opposed to the sliding bearings,

when replacing the sliding surfaces of the rotor main body with new ones, it is necessary

to separate the rotor main body which is replaced with a new one from the rotor core

which is not replaced. In this case, the rotor core and the rotor main body needs to be

carefully separated from each other such that the corrosion resistant coating of the rotor

core is not pee‘l“é'd off. 'However, according to the above configuration, when replacing

the side surfaces and outer peripheral surfaces that are the sliding surfaces of the rotor

main body with new ones, the first and second members are detached from the third

member, and the new first and second members are fixed to the third member.

Therefore, it is unnecessary to separate the rotor core from the third member, and the

maintenance work can be performed while maintaining a state where the rotor core



" 3 nin body and formed integrally with the rotor main body; a first sliding
bearing provided on one side of the rotor main body, provided to be opposed
to one side surface and outer peripheral surface of the rotor main body,
and configured to support a thrust | oad%and a radial |oad; and a second
sliding bearing provided on the other side of the rotor main body, provided
to be opposed to the other side surface and outer peripheral surface of the
rotor mai n body, and configured to support the thrust |oad and the radi al

| oad, wherein the rqotor.nain pbody jincludes a first nmenber including the

si de surfeé‘g “Qﬁ?ﬁﬁ&ﬁ’&rtﬁﬁgﬁfl‘aﬁg Tal Oéhﬁ"ﬂ%\é@%ﬁ?dh‘sa‘l‘@eéﬁf)%ré’efﬂ’ftaé QPEAter fost
sliding bearing, a sec c% nber i ncluding the side surface and outer

peri pher awogﬂﬁg%‘gepe\ﬁ/ﬁpgﬂ’ dhe coppYeR desigantfoating o thestotefi ¢nge.pandrthe gaseaofd a
third nmenber including a supporting surface contacting an inner peripheral
surface JPAPIFRARGHIGIPIEYSe, and the first to third nenbers are fixed to one
anot her s (igat each nmenber is detachable. [0007] For exanple, in the case
of using [89 r othSr ISt rBeneping rapparatusy Aecording daemsesandnaspebly of theegreseitng a
portion including the supporting surface externally fitted by the rotor
core and IBV@Gioniiya thivs) grmeraiing kepatiatugi nvgvided ime liquidmpdswed igoretifie gehdratieng
bearings, when replacing the sliding surfaces of the rotor main body with
new ones thiust by eiceting &her hauid, theghrust genenatingoanparates imchidihg: \whianhulas stagpl aced
with a new one fromthe rotor core which is not replaced. In this case, the
rotor coreclagiagtahessing erplumality pbeyilnlsitg pravidel cmrefintdrypesiphayatddof them
each other such that the corrosion resistant coating of the rotor core is
not. peel €asipgsa ratenerpgided ancur idhergpeariphetyesidd of/ thecstatbi and imtluding ash@mular

repl acing the side surfaces and outer peripheral surfaces that are the

sl i di ng getiof awds body athehicbtagrlurabitnobhwdygnaets e prowidedes prophkerf bladd preritledecond
menbers are detached fromthe third nmenber, and the new first and second
menber s @ne fadjedly innertside ofithe dotoe mizén bodhendfamed integiatlyunite dRseesrymdin
separate the rotor core fromthe third nmenber, and the mai ntenance work can
be perfobrdy abliflimgnisdaningi mroviged te that@ppobat & & hider Qirfice codeoutdr paiphenal |y
fits the third menber. On this account, it is unnecessary for an operator

t 0 wor ry saifacet offtbe lrotof inadd bbde andeornfidueed tesippbant thealéditandl a t4deal Nedder
core, and the ease of mmintenance inproves. [0008] The thrust generating

appar at usnédemedishgpedofairimpscenstetiselg girovided ba WItBSRIYS JfMHERbIoP Mndis bddy hr ust
generating apparatus provided in a liquid and configured to generate thrust

by ej ect iand ehdtefdringdi sd, ast toeenldrpel 5t digRBRE Adrel ARPAH ISR 4l H#6iNGe réldr
annul ar stator including a casing, a plurality of coils being provided on

an i nner npéd bplgryhateidethefcating adsthe Fairidgs @b Mmtdraéd Aith 8fe aRothBNES that
peri phery side of the stator and including an annular rotor main body at

whi ch a pidirigldetaghgifle magnets are provided; a propeller blade provided on a
radially inner side of the rotor main body and fornmed integrally with the

rotor maf0u09pdnccardsdd db NtheDERIVENGoRfi AULAGH bP R PRHRPFRIN eaca':é-i%ettﬁé” face
0

and outer peripheral surface of the rotor main body and configure
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respectively provided on both sides of the rot
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so that eathainpidefieetRbfent of the sliding bearing and the rotor main body can be easily -
performed. Thus, the ease of maintenance improves.
{0010] The thrust generating apparatus according to a third aspect of 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 including a rotor main body at which a -



" [0009] According to the above configuration, by detaching fromthe casing
the funnel -shaped fairings provided to cover the rotor main body, the
sliding bearing, and the |ike, easy access to the sliding bearing and the
rotor main body is realized. Therefore, “for exanple, the replacenent of the
sliding bearing and the rotor main body can be easily perforned. Thus, the
ease of maintenance inproves. [0010] The thrust generating apparatus .
according to a third aspect of the present invention is a thrust generating

i i | i qui d d [ d to.qgeperate thrust by
appar At USRERK ERabmf AL e e e SLeabl S e i o
Fotor mai e oGl TR i ERpd Fordegiglegr B visR rbitiot el Bg aut ackess dorned
Bt or maBCERgG RS el ifestr e Gnced Fiepoeapellandeatss ot ppwigd on a
i |1 i th radially | ti d of the propeller nmenber and '
pr ovi ded "OIRNR AT TRCR i FaloFs WECTSHT PR aOICBUIBRIn s Be preprilr diage. mei fhebody

the propeller ade, and the boss are fixed to one another so that each is
detaghagﬁ??sF@8§T%t%BB%?HFRBWPJﬁFH?CEHbWEa@EﬁF?guration, a radiallé out er
ortion e propeller blade is fixed to the rotor main body, and a

Padi al | y%?}hﬁr p&&Pfﬁ%t%fhet VBreopEew@tion) adediply putes portipn piethsoprepeller

Ther ef or he strength of the propeller blade inproves. In addition, the
pr.opel | eiﬂﬂﬂtealag"E‘éFP refior make Body: end enadigbdy émemnpriionodyhappe e Wadsis

Therefor%i,xﬁfor extparrpl e. when the propeller blade breaks, the propeller

bl ade cani*G€ @1 vass. ¢ bhesetose. the Firengdeaf tearomeles bladeémpensies.of Imadditienance

i nproves. Brief Description of Draw ngs
P the propeller blade gan be detached from S%he rotor main body and the boss. Therefore,

for example, when the propeller blade breaks, the propeller blade can be easily replaced

with a new one.  Thus, the ease of maintenance improves.

Brief Description of Drawings
[0012] [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 F ig. 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.

[Fig. 6] Fig. 6 is an exploded perspective view showing a propeller member and

boss of the thrust generating. apparatus according to Embodiment 3 of the present



" [0012] [Fig. 1] Fig. 1 is a longitudinal sectional view showing 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 ﬁig. 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
is a di agPé‘?ﬂ“@Hom ng the thrust generating apparatus of Fig. 4 when viewed

f left side. i lg., .4. . [Fig. 6] Fig. 6 is an expl oded
pre?rsn pgct ive vi Zg\}gs RI)\EA%QJ 18 amebﬁb’é?tF‘@EVlﬁ’éfr?béwl%glabﬁlf}?f@ﬁelk%éﬂemhelngnd boss
generat i n% apparatus accordi ndg to Enbodi nent 3 of the present

shown1in Fig. 6 are assembled.

Description of Embodiments
[0013] Hereinafter, embodiments of the present invention will be explained in reference
to the drawings.
[0014] Embodiment 1

As shown in Figs. 1 and 2, a thrust genefating apparatus 10 of Embodiment 1
includes: an annular stator 11 fixed to a hull; an annular rotor 12 capable of rotating
positively and negaﬁvely 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.
[0015] 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 S1.
The outer casing 21 is a cylindrical duct on which a cable through hole 21ais 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.

[0016] The first casing 24 and the second casing 25 are coupled to each other by bolts



" 6 i‘nvention. [Fig. 7] Fig. 7 is a perspective view show ng that the
propel [ er menber and boss shown in Fig. 6 are assenbl ed. Description of
Enbodi ments [0013] Hereinafter, enbodingnts of the present invention wll
be explained in reference to the dramAgZS. [ 0014] Enbodi ment 1 _ As
shown in Figs. 1 and 2, a thrust generating apparatus 10 of Enbodi nent 1
i ncl udes: an annular stator 11 fixed to a hull; an annular rotor 12 capable
of rotating positively and negatively relative to the stator 11;d_ aI o

ropel | er er 13 .fornmed inteqrall {th the rotor 12 op a radially inner
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armature coils 33 wind arbund 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
watertight manner. An annular cutout portion 25a is formed at a portion of the second
casing 25, the portion corresponding to an inner peripheral surface of the stator core 32.
The annular cutout portion 25a is closed by a thin can 36 in a watertight manner, the can
36 being made of a material which has an insulation property and a water resisting
property and is small in eddy current loss.

[0017} 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 X from an inner peripheral end of the flange portion 26a, and the fourth
casing 27 includes a flange portion 27a fixed to the second casing 25 by bolts; and a
cylindrical portion 27b extending 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,
and the support ring 29 supports one end portion a second water conveyance tube 38. A
first water intake port 37a 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
that is an opening 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



" [0015] The stator 11 includes an annul ar outer casing 21 and an annul ar

i nner casing 22 provided on an inner periphery side of the outer casing 21.
A substantially cylindrical space forned between the outer casing 21 and
the inner casing 22 is a cooling space & . The outer casing 21 is a
cylindrical duct on which a cable through hole 2l1a is partially forned. The
cabl e through hole 21a is closed by a lid 23. The inner casing 22 is forned
by coupling first to fourth casings 24 to 27, support rings 28 and 29, and

fairings 30 31 by bolts, The Lnner casing 22 (specifically, the second
casi ng Zgﬁ’wla’?n@’gtlﬂ%‘ﬁaﬁbfl@neﬁ%(edﬂtf’yhb%lwaéert ePnyeYRIge Kube 39 apd dhesecoRd Waterm t he
outer casing 21 in a radially inward direction. The bracket 39 is provided
partial | fOP%eYémE? Pubs Adcre proadedisyametrisalls selative t Wstprapalied senther dddhiang
space Si.,JOOlG The first casing 24 and the second casing 25 are coupl ed
to each SHIEHOBFlORg|thesotationayis lugs s and thsi firstwalsninseler port3 Zpeskthesecand t he
coi | accommodating space S2, a stator core 32 constituted by a magnetic
body as &'atefgméakedory i8a ssaprevidedpyumgtirallsmelativerta theepropélles n3gnbarnd iar ound
the stator core 32. The armature coils 33 are connected via electric cables
34 and 3%hq directiomaongs thsgpiption gxisslieswy) (Ip Fégyildde $avond avatarldonvdecetubet 1 i ¢
cables 34 and 35 are coupled to each other in the cooling space Si by water
proof corRRelst Bardialky 10558088t Fiperiigne sthere thealste@ndswater tdoavéyanke diloke 38
penetrates the lid 23 in a watertight manner. An annul ar cutout portion 25a
i s forme@verans therfirsiowalst comeeysnentibecksiang thS firstheateo convmyanar tués [39ndi ng
to an inner peripheral surface of the stator core 32. The annul ar cutout
portion Padially notskewntsy agpartipm vowne 86 first avatert emivieggice rabm 87 oveflgpsce 36
bei ng made of a material which has an insulation property and a water

resi sti ngoprespars 8ga andi3as). smal | in eddy current loss. [0017] The third
casing 26 includes: a flange portion 26a fixed to the second casing 25 by
bolts; and a cyhedairingal0 jsoformed s6is exinermsadn idinnadtenii walidctbn & an
along the rotation axis line X froman inner peripheral end of the flange
portion kBer eadcpottien 3Quldchtedadosegto2heisnppordemgRd tange apQiiéroshd?gertibh xed
to the second casing 25 by bolts; and a cylindrical portion 27b extendi ng
in the od0hdrdtedi aveaytfram thd supporthréng 28.atnidahe faififg Bil nefofnfed 38128 fo inth@ise

peri pheral end of the flange portion 27a. A pair of support rings 28 and 29
ar e respecdiameter ifi xdigction frotredn 2idr pad bbids 3k 16&Re bbb the lipRRY Lih@ns
26b and 27b by bolts. The support ring 28 supports one end portion of a

first waP2towandvayautecetdipertidn,3 1dndcitbe asidp Fadrh thé HigppdP SHPPO! t ShORhegNd
portion a second water conveyance tube 38. A first water intake port 37a

that is em ppeionsG0atndBeb efthditih@N3@bnd BE abd FespedieBr ﬁﬁwtbe%e%ﬁﬁpéﬂbe 37
is located on the sane surface as an inner peripheral surface of the

support fihgg2@8nd 08 byboRBENTS BVRHELiAc B ffai?ihg@ nelaniR3 130 tH?] 5&&99&&5@9?
i ntake port 38a that is an opening at one end portion of the second water

conveyange ihdibecti§8ditactaOBAhRgraad With SREhotr 268p 881 ald I GE rEpELRRE al
surface of the support ring 29 and is open
formed between the outer end portion 30b of the fairing 30 and the outer casing 21 and
between the outer end portion 31b of the fairing 31 and the outer casing 21. A hole 30c
is formed on the fairing 30 so as to be located at a position overlapping an extended axis
line of the bolt by which the fairing 30 is fixed to the support ring 28, and a hole 31c is
formed on the fairing 31 so as to be located at a position overlapping an extended axis
line of the bolt by which the fairing 31 is fixed to the support ring 29. The gaps C1 and

C2 and the holes 30c and 31c serve as communication ports through which the cooling

space S1 communicates with the main channel R.



" 8 toward the main channel R The first water conveyance tube 37 and the
second water conveyance tube 38 are provided symetrically relative to the
propel l er menber 13 in a direction along the rotation axis line X, and the
first water intake port 37a and the sectbnd water intake port 38a are

provi ded symmetrically relative to the propeller nenber 13 in the direction
along the rotation axis line X (In Fig. 1, the second water conveyance tube
38 is partially not shown at a portion where the second water conveyance
t ube 38 a he,first, water. conveyance tube 37, and the first water
conveyangégﬁjbgslrég apd sseonq dyatsr Pﬂ@fw%tﬁﬁaﬁ?aapg%\ 4@0?@4 Gh Hding peqeings) axe
wat er convq¥§q£g t ube 37 over| aps Ehe connectors 34a and 35a.z. The
fairing 36°7deq Betwiean by stator J1jand the sdor 2. pnshibeaptor d 24s aptatadhy swppred an

i nner en%aﬁgrgion 30a |ocated close to the support ring 28 toward an outer
end port FEAD 869 Bshards 3 watemiupFieated, BeasingsidOnndodl isapravidae opgnrauigy 31
is formed so as to_increase in dianmeter in a direction froman inner end
portion BeHPhgRlERce pad ane of pofh sidesyetaces iy belgwr dnsaribecaetasunain body 43
portion 31b | ocated away fromthe support ring 29. The inner end portions
30a and 323 t%%etqin’@(’?eé’i 758 dhergthe sde avréaqeéiﬁéta pRRsISed f¢ Rech other inethe
support rings 28 and 29 by bolts. To be specific, the fairings 30 and 31
and t he difeeioncaleng thertation axigifipe et | yThegdrshendpeopni waten labricated bearoves
another. Gaps C and C2 are respectively fornmed between the outer end
portion $0indmlisHpperap thigt Red and atrhréiab{wéractiag pnghemtendaipdodgdd. t Adeout er
end portion 31b of the fairing 31 and the outer casing 21. A hole 30c is

f or.nmed oﬁf%tﬁéatﬂaiulbrlﬁ@teé@e%n&gotlmlb@eSI plangadpartioa 4dasindi poylindeichlppiing an
extended axis line of the bolt by which the fairing 30 is fixed to the
support APhgxpmdingnin thenontevaed dlitestidroatang the totasidnaaxis lme3X Fomasn timebe

| ocated at a position overlapping an extended axis |line of the bolt by

whi ch t heeriphierglngpd3of the flangsd poxsionhdOas lapdotht secorgl 2Qter Thbrigmaeds b&rimpnd] C2
and the holes 30c and 31c serve as conmmuni cati on ports through which the
cool i ng bphules S flacgenpeitioat €k wid b dyiedriealnpatiandlb &tending (O HSpufwardt and
second water |ubricated bearings 40 and 41 (sliding bearings) are provided
bet ween thectmmslong the ratation lazisrlotedX fib?y amiithet periplodralr entiZofithe flatigs wdrtiyn
supported. Each of the first and second water |ubricated bearings 40 and 41
is providbd dPeramioistsprayedrirpiiating sufadeaof tenfiroveat@f lubatded beRingU( ages of
a bel owdescribed rotor main body 43 so as to be opposed to each other, the
si de sur vabsthbebtog ngipdedsl 430sladesharnt beamidist $peaylidr &€ bliding sLgRestdTahe
rotation axis line X. The first and second water |ubricated bearings 40 and
41 supposdcond watardtbricad beating 41asti whichahelraet math Wiyt 43es1ides.or E48h oF thedy

43. The first water |ubricated bearing 40 includes a flange portion 40a and

a cyl i ndfitstahd peohd ovatetQbibiodtahbearigigs A0 bhe 40 WhNehIdmdid 84 EaBmdd M, bhe
rotation axis line X froman inner peripheral end of the flange portion

40a, andsdparts eqamic wihiber MUy be st Red @R badhlod slidifl YRForPof {haTae: Wetet i ON
41a and a cylindrical portion 41b extending in the outward direction al ong

t he rot alibgibatdX bearing$0 &n WHIER B2 rofA@haiR BolP RS sBleeMl £Elidi por tion
4la. Ceramc is-spré?ed on sliding sur?acespofsth% firs%l¢g€g§hﬁﬁgﬁrggted

bearing &dofdwaltr Glbridaed K¥afhg FRIoA WIREY tHE3rotdr H&R boAPU3GHEEN C IS sprayed
on sliding surfaces of the second water |ubricated bearing 41 on which the

rotor nejon1bpdxn 4ansihi ggﬁ“er Fach 9 ffod Qﬁlrﬁoirérﬁgfssg(f}ﬂxfﬁﬁ@i"% HRMEE bEieh Gl ed

bearings 40 and 41 may be nmade as a ceramc or a separate ceramc

menber Byt RRtRIHBERED b %2{10 d the $hirdicAgnP9 ’to %rgf%ggfgflp% Bulthes gp%petsg’

| ubricated bearing 40 on whi the rotor main~ es an I di ng
Pody 43 SR8 F e e et TR, PR e edde R o R 41T g
casi ng 2B BRa iPCRRRD U] &b A Bt B R e R bt &
27 "The BRI AE IRRECAMERe L BN TNATR, 0 spsnB et forghior e ' 19
por i on ot (el Fobdpafle @5 33 € Bolchucd IRE SontPLBinien. PG e R a1

casing 27 via a check val ve 47.



" 10 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 communi cates with the buffer space S4 via the check

val ve 47. The check valve 46 all ows onI139 the flow fromthe second water
intake port 38a toward the first water |ubricated bearing 40, and the check
valve 47 allows only the flow fromthe first water intake port 37a toward
the second water |ubricated bearing 41. Therefore, the water flow ng

t hr ough Lllﬂg irst.water intake port 37a into the first water conveyance

t ubes 37 i Cliﬁ‘?’& s serndoiptersonyigxancedubes B8 sommunirates agkthe dufier &mce and
the water,,fl.owi ng.thyrough the second water intake port 38a into the second
wat er coRveyante ‘E}l‘?ﬁg Vg $0gandidhe ihappel iy thee firss pueter Senveyanesytuliehd? check
valve 46. A plurality of ejection holes 40c are fornmed on the flange
portion 4oRmBNIGatEs Vithdhe Ruffer spagsr$4 ateethepehieck nglue0d 5o B thechevabyadéd
apart fl’Oﬁn one another in the circunferential direction at regular '

i nt er val &loW@ngh, dheyflogy drpmp the secaside ates ninkakieeport 38a comatthitivatfiest wateh t he
buffer space S3, and the other end thereof is open toward the rotor main
body 43. lubricated hegring 481 anchthiet sheok vajvectT alfowoberly thd dloar Bofrotheditsowatehe
flange portion 4la of the second water |ubricated bearing 41 so as to be
spaced ap#ike Porb7ariewartbthieesecprd traterciubrivated rheatingii41di Thetefamn, e wagnl ar
intervals. One end of each of the ejection holes 41c comunicates with the
buf f er sfawingshroughdhe fisstovdterintald porey7adfto the dipstrwatavansdednee tutes371@i N
body 43. [0020] The rotor 12 includes: the rotor main body 43; an annul ar
rotor cogedad tovhicdrfiex sparageld thrdughghe kheakovalve 4% amdlibelwated fvdng shromgle of a
-magnetic body to which a corrosion resistant coating is applied; and

per manenthersgeenst waits inthke hora38a antbabh eecond witer caiveyarzernebelds anguiaed whi ch
the magnetic force of the armature coils 33 act. The rotor core 44 and the
stator cheeudler spacepSbilirdagh die gusktvabves4@ppagearatity efejbetidmisles Byc ahangi ng
how to supply electricity to the armature coils 33, the rotational

di r ect i ofermed tomethe dlangelpbroam 40e ofetherfived waldrelub@éadéd Bdrthadd0l%o43 fonsd udes:
a first nmenber 48 including 11 the side surface and outer peripheral

surf ace spppabaghrt fomhmef dnoglier watler citcubifeatieldibatioh A0 rdlarane e d ogber
49 including the side surface and outer peripheral surface opposed to the
second vetdeof tashrifctht efedniearioies 40 canthudidabisrwith e Bar&Ospabs Isadhag i
supporting surface contacting an i nner peripheral surface of the rotor core

44, cher end thereof is open toward the rotor main body 43. Similarly, a plurality of
ejection holes 41c are formed on the flange portion 41a of the second water lubricated
bearing 41 so as to be spaced apart from one another in the circumferential direction at
regular intervals. One end of each of the ejection holes 41¢ communicates with the
buffer space S4, and the other end thereof is open toward the rotor main body 43.

[0020] The rotor 12 includes: the rotor main body 43; an annular rotor core 44 which
externally fits the rotor main body 43 and is made of a magnetic body to which a
corrosion resistant coating is applied; and permanent magnets 45 which are attached to
the rotor 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
changing 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 member 48 including



" [0021] The first to third nembers 48 to 50 are detachably fixed to one

anot her by bolts. The first nmenber 48 includes a flange portion 48a and a
cylindrical portion 48b extending in the outward direction along the
rotation axis line X froman inner peripheral end of the flange portion
48a, and the second nenber 49 includes a flange portion 49a and a
cylindrical portion 49b extending in the outward direction al ong the
rotation axis line X froman inner peripheral end of the flange portion
49a. An qﬁt er, si cie surface of. the flznge portjon 48a of the first nenber 48
in the di'tetffSHIAFOHY e pesiphesad furdggeonposed 1 the figst wterdubeegter] bepringr f ace
opposed ta the flange portion 40a of the first water |ubricated bearing 40,
and an outef ngﬂ@a@g?’ibgrc‘éé H?Cﬂ{dr\%g thesidesysbaceiand omtea psripheral swfrsp@ppeseder 49
in the di rel{ft'i on Ioneq_ the rotation axis line X is a thrust sliding surface
opposed {9 PP JBPsatss beasings41; ad adhisd eneprhes 50inendinaeeupperingng

41. An out etr eri pheral surface of the cylindrical portion 48b of the first
menber 48Uiiace,cqnighting ag)ippgrpgripherabsaiasg 96 sherotas cored4y| i ndri cal portion
40b of tg$ fi rsrt wat er | ubricated bearing 40, and an outer peripheral
surface 6P0%4He Thyitiratioithiagd membernh® xop0 gfe detechgblydinedrte wbeandter by holtadi al
sliding rface opposed to the cylindrical portion 41b of the second water

| ubri cat ddCpBEY | MEMREr 4¥oinsludspetiffange naytion M8adandk mbeylisbicdbewrtint 48hbcl ude
sliding surfaces which slide on the first and second water |ubricated

bear i ngs cAEnding in the pytwardhdiredtiogi ahepesiie fratetion okistline X foor amiinar poviphedd ar e
formed on the first and second nenbers 48 and 49 configured to be attached
to and d&hdOhdke flapgs pordion HiSedandethserec@tl mentbet 49 indtadds mflandeepdriiangea
portions 48a and 49a of the first and second nenbers 48 and 49 projects in
a radi al pyd guyliadeicali posden 49b bxigodisigtinghe bintvehrdelideetiorbBlonghke raation adiz cor e
44 externally fits by an annul ar recess formed by the flange portions 48a
and 49a bhe %&om a1 inngn deripde endefiibe fladg portiod ¥9andAaroueitside uefacpler al
surface (supporting surface) of the third nmenber 50. [0022] The propeller
nmenber 1the Bangstprohabk§a of shedirsiomembend@in frerdigghdombloay thacatidn adielindi r d
menber 50 by bolts. The propeller menber 13 includes: an outer cylindrical
porti on X3a athiuwshslidingsurfitdeyoppbsesl tanhle flandd petion 904 betht HirstidvarerpericRed a
plurality of propeller blades 13b projecting in the radially inward

di r ect i ohedringd®randranerutqresideptrefaat of thid Aaezeqfortibie 404bLtheGiboimERBLr HPr ti ON
13a so as to be spaced apart fromone another in the circunferenti al

di recti om te diegptioaralongt teratasipn amth dme Xniker tr@udtisndrdg@lrfa@@bgia@&d kéGhd O
which radially inner tip ends of the plurality of propeller ades 13b are
connect eflangehpoitiumed 1z yffithelrsecald patdri MBridaed iveasAndw chaf oL WRERh&EaPaI 1

of war head-shaped separabl e bosses 51 and 52 such that both ends of the

i nner  cyhirfutei afathe plihdriaal P3gidi8teS tick Bt inn iRk ABUs thRd[PLAlERuAKLs |1 ne
X respectively contact |arge-dianeter ends of the separable bosSses 51 and

52. Eachomjostdieo skpaykdirkabpsss 40b 8 thedBrsdhathiaubdcHAEE D 4(-?,”'2111‘21i afret er
0

toward its tip end. One separable boss 51 includes therein a t attaching

portion &itar pBepkthNGurack A1t thB Qleﬁn&m:zﬁ hpd.rfim? ROP JroRrdede n%h% 49! ge; and

t he ot her separable boss 52 includes a bolt attaching portion a i ncluding

a bolt heldalcgidigs pRREEOD h t f b tkachi i on
5la. By inserti r:géa bol t gg@?égtgo?ﬁée ng??ﬁ%agl%&sﬁg? ﬂ]% ogotfht@ éaytcplg%ﬁi%l%ﬂ

por LT onsiBiieaedhiang 4ihe TSORALARN MERR HeAf 5P aBLEnlERAIE! Aok LI

each other so as to conpressive e 1 nner cylindrical por

3c. Thugyr . i | nber ,whi I
o eanesrfcbE WSS sidk o e filt Bnd SEGRN WABHWICLOH HIRIRE (G T RS Y,
s 1§ neXelicn o , eyl 00 Iy 3 d th
Separ abl S baicing SURCs WY BN Bl WA 0N (8RN, B oh e Dn SRoqnde
rotor nalhﬁmlgggy484§1d ') gormr%lpgd {08 B{%%ﬁgc? FOlaSI?%dC%QC%CEI Torh ?fpeatlil?rgln?en? x50 o1

and 52 ca e separated m one” ano
by bolts. Each of the flange portions 48a and 49a of the first and second members 48

and 49 projects in a radially outward direction beyond the third member 50. The rotor



" [0023] The main channel R where the propeller blades 13b are provided are
defined by inner peripheral surfaces of the outer cylindrical portion 13a,
the first and second nenbers 48 and 49, the support rings 28 and 29, and
the fairings 30 and 31. The main channel? R i ncl udes a col umar portion; and
di anet er increasing portions, each of which is continuously fornmed from one
of both ends of the columar portion in the direction along the rotation
axis line X and increases in dianeter toward one of both directions al ong
the rotation axis line. X. Each of the fjrst and second water intake ports
37a and 38%° f@ef(ﬁ&%ﬁ”@cﬁ%g’yéml%‘% 5?3?65%’?%%@8&%@@%%@“9& témand el on
and one OL the di aneter incgeasi ng portions. 0024] The thrust generating
appar at ushd dirslsang seroRd qnebers il apd ¢Hharfl aB awtsrgRaravherad syefagp (sipperting
relative to_the ter on or under the water. For exanple, the thrust
generatiﬁﬁﬂaﬁgéﬁgﬁﬁguﬁbmﬁ§bﬁﬁﬁ¥ied as a side thruster configured to
generate bhr st_in the left-right direction of a |large vessel.

Speci fi cdPP42] ddegmgppller memper B isadetaghabbofixerd taae énneyensrinherab surfard @2
penetrating in the left-right direction. A cylindrical wall 63 projects
from t he tBp&hrhaember sQdwdalise iThsingeradier meaten| 13, ingludess apyduterdayliodticalal |
64 projects fromthe opening 62 toward the inside of the hull. Opposing
ends of tO9&IMmilBa grhiely internelly fitsvand is Bredatal tig thirde mepebee S Oapaplurdlitpmfeach
other, and both ends of the outer casing 21 of the thrust generating

appar at uPrageligr blades ﬂ)&prm@thgwelthedachﬁgy friwead directidre femoppumEnperirdsal of
the cylindrical walls 63 and 64. [0025] Next, operations of the thrust
gener at | ryriagpel tewatereylindticd) @oetq! h3medas Whienspaeed apayhébicodfid aiather in
generated by sup Iyin? electricity to the armature coils 33 acts on the
per manenttherpigeisniecrensial divectiont asregiflar intervalsparel &reinnee opléudricd) partidntli3e thoss
14 integrally rotate. Wien the propeller blades 13b positively rotate, the
wat er i s véjiele tadinlyrioner tipeerpisayfehe plurdlitpdé prap8hert adesdl 3bteze comlettedi d&hen
Fig. 1. Therefore, the pressure in the vicinity of the second water intake
port 38a liyex eybsdiidagipertionhklv is sendwiehsdibetwesn il &f warhddd-skipde séparstle eam
side) of the propeller blades 13b in Fig. 1. By this pressure difference,
t he wat ebosses tShendei2rsuch g dbttiRerfdsamfghd hmetigyiindaeabpaciod 18atethel ditezkien por t
38a into the second water conveyance tube 38 w thout a punp, and the water
in the sebmgdheaotationariscjmnKerebpdeeivaly dontaguilatgel didiiaegindshe thbestarmsatve 46
to the buffer space S3. Then, the water in the buffer space S3 is ejected
from t hebejsestiloandide #ach tod thbesebirable BBITHES 14852t BRdElyORed¥®sEs Bpdy
43. This water |ubricates and cools the sliding surfaces of the first

menber A8iamger toavard isttip@h@r Oubrsepabid Hoearsi Ngckides aideia P86l abhcHihe
wat er flows through the gap between the first nenber 48 and the support

ring 28 ipbitiont b imiudisharbstt hRe WhRh! 86PeRi BYaNBHRS ofhbPWRIel BAPWRN olRE gap
bet ween an outer peripheral surface of the rotor core 44 and the can 36 to

| ubri cat gepingble OBdsst B2 ElchiieB9a SH6IE agbiehRe PBRicteRd id®Badhes 4%anthdibe

second water |ubricated bearing 41. Since the water is ejected fromthe

propel | ecoRtadagink3b thoWAE Holc 6T the BBt a5tbifins Poftidh 51k, b>Be>ﬁ ﬂ%er@mgiat 101€53
rotation of the propeller blades 13b, its reaction force causeS the rotor

mai N bodyntd Fhd BolBYIEs bf A HoltatfabBin lgr%:l'tﬁﬁxst alfig 5h&  the 8&;%?_%519 bbisds ﬂl]af-xcﬁ] a

direction toward the first water |0bricated bearing 4 wever, € wat er

havi ng f kowed idibgratdd Ryiih 8ateGRPHs Vel & c&rﬂ%@gﬁvag rsﬁrh(ﬁgﬁhitﬂ% ﬁm{[ep %%Izlfcﬁ?cgij

wat er conveyance tube 38 at this tine s gjected through e e 1 on hol e

40c of t ggrtfdnr Bic. WathgE, hebyos§ %e@atbﬁaa[ gp&nﬂ%ehﬂﬁ@%b{% t b(réeg‘)eJ r%}\tng%&fa&éi?yg ?’ 43.

Ther ef or the rotor main body 43 can Dbe suppo

o e BSGSHERIHEED ] A0y ARCLERL O TS 1o
2 L8Pt pUohr SISO kP SRS RIS R OPCL
R e L R M T
ot B EPREETLER S L Bed ol bl e i chamel 11 ovs



" 15 "into the first water conveyance tube 37 w thout a punp, and the water
inthe first water conveyance tube 37 is guided through the check val ve 47
to the buffer space S4. Then, the water . in the buffer space S4 is ejected
fromthe ejection hole 41c to the second nenber 49 of the rotor main body
43. This water |ubricates and cools the sliding surfaces of the second
menber 49 and the second water |ubricated bearing 41, and a part of the
wat er flows through the gap between the second nenber 49 and the support

ing 29 i t in channel R i ni fl hr opgh
pet ween 1002 0utEe TRAP AABPLR whee IEpIpIHOb Bl oChe o iBed fenitiRed V2 F o
lubricate and cool the slidi f .of . the first, 48 and th
st wad BT e el oRdnG 6l RRitical et afclheC et i pseens

propel | er_bl.ades, 13 oward the |eft si in Fig.. 1 by_the gatjve .
rotationr%ﬁn?ﬂﬁﬁgﬁﬂgéé1ﬁgsﬂpg §n§%%§3P829r@§E@%3h“F6¥6éa€93§es HEd3B¢ or
mai n bOdyh%ﬁi‘%&mﬁ@ fromthe |eft $id§ to the right side in Fig. 1in a
di recti ofi"® nEfdes 2 O RAL PRFIqN; BRf diAradelhiRsreRrge POrtiqnsyearkrof whigh wat er
havi ng flowed. t hrqu the first er intake port 37a into the first water
conveyand®®} B’é‘oggy%m?efﬂegom fee \F,’\ghgﬁhe"c"tdéd’ tthgé‘ﬂ Rak QOB 1N B diEacHoR1c of
t he seconfi vvatber | ubri cat ed a&gn 41 towgrd the rotor main body 43.
Ther ef or 810MEHEE TBREPN GRISHIBH &y AR ICERSE IS HsHISTaTaWBIA PRk of bty dislesiionsr |
and the pﬁ;tign bet ween t he secaond water_| ubrjcated bearing 41 and the
rotor naflPNBdas rofalo ey lingpyy E%H??%%@éﬁ?tPUb%ﬁPm#@@ﬁﬁdnﬁgePQﬂﬁﬁ@aab@ve
confi gurs iQn . in gﬂ ch the propeller blades 13b rotate positively and
negati ve ga i Jesatest ahit poundary pegom betwege the j c@lymnasupgrtier sangf ongof fthe st
wat er |lubricated bearing 40 and the rotor main body 43 and the sliding
sur f aces IMELHNSERVRGPNEIOBS- | ubri cated bearing 41 and the rotor main body
43 can be |ubrjcated by the water, and the rotor core 44 and the |ike which
are provi&4li khe fuustigenpratipg gppamaiissi( igiatigekads oo movablg bgdy epafiguraése by
eddy current can be cooled by the water. Portions where specific pressure
i ncr easede vinevarbisaelgtivhde | the whigten oBhindesithd wetsr. r Foatesampleatthe sthrushe 16
sliding surfaces of the first nmenber 48 and the first water |ubricated
beari ng generafing anprratvsehl 15 apnlied gsta vde thuhsieecadfumidd t grmessatlgustriartbases
when the propeller blades 13b negatively rotate (that is, the sliding
sur f acesledf-rightedizastiomdf adarge vestel. arRpecifealipcsrsiowatie Fig. B nihudlt Gdinbkaes ng
41). However, the portions where the specific pressure is high can be
accur at epperings ¢ lcandea? pemetretng itnthe defiviright dinectiont atAl gimkdridalrvedt 6 progécts he
propel l er bl ades 13b by a sinple configuration.

from the opening 61 toward the inside of the hull, and a cylindrical wall 64 projects from

the opening 62 toward the inside of the hull. Opposing ends of the pair of cylindrical
walls 63 and 64 are spaced apart from each other, and both ends of the outer casing 21 of
the thrust generating apparatus 10 are respectively welded and fixed to these opposing
ends of the cylindrical walls 63 and 64.

[0025] Next, operations of the thrust generating apparatus 10 will be explained. When
the magnetic field generated by supplying electricity to the armature coils 33 acts on the
permanent magnets 45, the rotor 12, the propeller member 13, and the boss 14 integrally
rotate. When the propeller blades 13b positively rotate, the water is ejected from the
propeller blades 13b toward the right side in Fig. 1. Therefore, the pressure in the

vicinity of the second water intake port 38a becomes higher than the pressure on the left



"~ [0028] 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 water fromthe first water intake port 37a toward
t he second water |ubricated bearing 41 Ynd one-way flow of water fromthe
second water intake port 38a toward the first water |ubricated bearing 40
are ensured, and the water is unlikely to remain in the first and second
wat er conveyance tubes 37 and 38. Thus, a cooling performance inproves.
Furt her, the water flq%g/i rf]gl?l n tg? mai n channel R enters through the

comuni cal9%PHBTAr sidsa of thepiopelleshlades 1B3bandFien ! anBythis messere differense, 31c
into the l(%ool i ng space, Si. forned between the outer casing 21 and the inner
casi ng 22.6W§EﬁrgT‘6ﬁ%F’aﬁh%h3€6?]1]§f@3Ys thrpugdtthe secandrwatgpintakiseparod & intothe 44,
and the |like can be cooled by the water in the cooling space Si. In

addi ti on,5eeqndcWateR conyeianeg) tihsatd withoub araimp sandsthei water hetheasecondavatel R
where new water flows, the tenperature increase of the water in the cooling
space Si CCBYFWIBCE tHhsrisis @yidegriproyah sheacrhegk vabyz 46nte thebuffet spac@83. adleslc
that are the communi cation ports are separately provi ded upstream and
downst r edh§ BRter e they ygarispacent hisesiect@hbiromhibe efestion hoteed Geetpl the Gingmbernbervat er
in the cooling space Si_ is accelerated by this pressure difference. [0029]
Next, mait§tad r\g@wﬁéowm bsrdytdie (lhiuwaterbrieicates ngd applatiz sizliddswfdcks bfthe

expl ai ned, For exanple, when the first and second nenbers 48 and 49 or the
first and'lr%téé@ﬁherv\é?énd thebfifst avatan lbkraeaterhbeatlngadll) abd sapat pf Heawatdr fotls new
ones due to the deteriorations of the 17 sliding surfaces of the first and
second wélirengh ghe icepthetwersathentest atenzred 481 andidhe lsepport cingr@d intbatly man t he
bolts are suitably detached to disassenble the fairings 30 and 31, the
support rchagel B8 abe fgnaining witer floivscthemghf therdap basieayan dtangerdheralhi s
real i zes easy access to the first and second water |ubricated bearings 40
and 41 anurfadgeofribe gotommiore Hbdyd 48 can 36 to lubricate and cool the sliding surfaces of

the second member 49 and the second water lubricated bearing 41. Since the water is
ejected from the propeller blades 13b toward the right side in Fig. 1 by the positive
rotation of the propeller blades 13b, its reaction force causes the rotor main body 43 to
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 conveyancé 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
suitably lubricated.

[0026] In contrast, when the propeller blades 13b negatively rotate, the water is ejected
from the propellef blades 13b toward the left side in Fig. 1. Therefore, the pressufe in
the vicinity of the first 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



" [0030] Regarding the rotor main body 43, the first and second menbers 48
and 49 are detected fromthe third nenber 50 by suitably detecting the
bolts, and the new first and second nmenhers 48 and 49 are fixed to the
third nenber 50. Wth this, it is unnecessary to pull out the rotor core 44
fromthe third nenber 50, and the replacenent work of all the sliding
surfaces of the rotor nmain body 43 can be perfornmed while maintaining a
state where the rotor core 44 externally fits the third nenber 50.

Therefore,, i1 i.s _unnecessary fqr, ap.,operator to worry about peel-off of the
COrr 0Si or\mf’éb? Grst e Ero%toﬂvﬁ{‘}lw(%‘r‘ ’76{]1 U&arpémkm,an%ﬁ%e Vater dadhe Brst water

mai nt enance i nproves.  [.003 The rotor majn body 43, the propeller nmenber

13, and ARV %er%’gfeé’/ﬂﬁ)gg@d@}foaﬁlaﬂ?zc@f’%Valéfffé%ﬁaﬁh?/befireﬁPaP%SGneTh%t her
~by bolts,, Ther ef.org, f(%%: exarrpég,, V\hen%{ahe propel I er bl ades 13b break, the
pr opel | efMShefE iR e | Rutgs sRasre§4 £i5 Saeaierd fioat dhe migrtiomdale 4c 4ndhe mecond

separ abl e bgsses 5% and 52 and can be easily replaced with a new one. Thus,
t he ease™FMbFAiTH 8h & sotPhprain dody[ 32T hisnasen Hbaicatzs and coolg thehasligingn
Figs. 4 and 5, a stator 111 of a thrust generating apparatus 110 of
Enbodi meftrizees Q& thegresonthmsmber 4P apdithy secard wgter ubrigatedbrasing filannd apent
casing 22 ﬂ{ ovi degjl on an inner periphery side of the outer casing 121. A
cyl i ndri hfhesyaiee floyis thipugh thesep betavesntley secand mpmirer 49nand; the shpprst rigsi ng
22 is the cooling space Si. The outer casing 121 includes: a casing nain
body 13029 Agtoutie Apaiarchapsd R.s uFieacamaipingi waten oivs threaigh thogep beBteen the
configured to close the upper surface opening 130i of the casing main 18
body 1309°utst ReEPkeApHEsE Pighe trawridoredt apdnBearnmp tppehratesaridl Codrtbe t he
same as those of Enbodi ment 1 except for the outer casing 121, the sane
r ef er enc@liding surfages of $keaifirsymanileer d8randctbefostemater lubnidatdd thehtiegl4@x pSanat i ons
thereof are omtted.
the water is ejected from the propeller blades 13b toward the left side in Fig. 1 by the
negative rotation of the propeller blades 13b, its reaction force causes the rotor main
body 43 to move from the left side to the right side in Fig. 1 in a direction toward the
second water lubricated bearing 41. However, the water having flowed through the first
water intake port 37a into the first water conveyance tube 37 at this time is ejected
through the ejection hole 41c of the second water lubricated bearing 41 toward the rotor
main body 43. Therefore, the rotor main body 43 can be supported by the ejected water,
and the portion between the second water lubricated bearing 41 and the rotor main body
43 is suitably lubricated.
[0027] According to the above configuration in which the propeller blades 13b rotate
positively 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 lubricated 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



[ 0033] 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 direction
along the rotation axis |ine X and whicl respectively form side openings
130f and 130g of the vertical wall portions 130a and 130b; and a fl ange
portion 130h forned at upper ends of the vertical wall portions 130a and
130b. For exanple, end portions of the inner cylindrical portions 130d and
130e are .ﬁspectively mel%gd and fixed to op osing ends of the cylindrical
val | s 63 SHAMEcTTEEWAL e %, membet @8 aad the Harsharior lnbriepted heating4@nersr
peri pheral. . surfaces of the_ inner cylindrical portions 130d and 130e, the
suppor t r%ilﬁi)@n? ORRPTHONS Where SPesHICRIETSURLHPTepses when theepropeliar tgdesdbi cal
portion 13a. The cover 131 is detachably fixed to the flange portion 130h
of the c&@sedioharotatsdiiat i8cheplidwetsyrfdeestoltheeepnd genibsr 49 fandtthpisetomdon
which a cable through hole 131a is partially formed. The cable through hole
131a is SYayeybrgatedbearing 413.  Hoomatr theypertions wereghespedie messsnre ishighsi ng
mai n body 130 and the support ring 28, and a gap C4 is formed between the
casi ng m&RR beddguraly hibaiceted igpsperdanes withabe ratadonpd precorantith€propellee as
comuni cation ports through which the cooling space Si comunicates with

t he nainbkﬂﬁﬁﬁgbbRﬂSmn§€Wnnﬁgm@aghng 22 (specifically, the second casing
25) is connected to the cover 131 of the outer casing 121 via the bracket
39 and i $00%% Sincedh¢ ohackevates#his pmivivedadyhe 865t vEter @heencatulehizy, tande of
mai nt enance, only by detaching the bolts B and detaching the cover 131 from
t he casi Hig eheick vebg#61is@rovities atathp seremtlsvaiér ¢dreeydnce subeydh enatwaygfleawpdr at us
110 except for the outer casing 121 can be taken out through the upper
surface oméarifngn IBOfirst ovatdrentapp @ortsi7deowhiet the sebendewater hidbrieatetibeasng#1t he

i nner cylindrical portions 130d and 130e of the casing nain body 130 are
fixed t oandhenerwaly fldwiof evatarpran thé secopp ositerginerkd poof 38 wwayd thedfistc alatenal | s
63 and 64 shown in Fig. 3). Therefore, by detaching the cover 131, the
conponeniubrizhtetheeating Wit argemsumd] agd dppaaairus vhliRelgxioeRinalioin tHeefigutagd
casing 121 can be taken out through the upper surface opening 130i to the
hul |, aneedohd wateniconveyarcavarbes C3N ahd 38er fTmuees doﬂlih@?e%}ﬂlanc{eoﬁﬁ’&bves.
Enbodi ment 3 As shown in Figs. 6 and 7, according to the thrust
gener at i Rgrth@iptreavater fdwngtiadheTdiain chanhéleR phepeihk@ighthademnivhicatiph @pak | er
menber 113 can be di sassenbl ed individually. Since the conponents except

for the gaoped thergapeahendOBamd thechdddSN0clditt W cEintd1theSRBBnESpdc &3 efophed
Enbodi ment 1 or 2, explanations thereof are omtted.
between the outer casing 21 and the inner casing 22. Therefore, the coils 33, the stator
core 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 Sl 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 1c that are the communication
ports are separately provided upstream and downstream of the propeller blades 13b.
Therefore, the replacement of water in the cooling space Sl is accelerated by this
pressure difference.
[0029] 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



" [0036] The propeller nmenber 113 is constituted by assenbling a plurality of
(for exanple, six) separable propeller nmenbers 170. Each of the separable
propel l er menbers 170 includes: a circul ar-arc plate portion 170a on which
bolt holes 170d are forned; a propelleﬂjblade 170b projecting in the
radially inward direction fromthe circular-arc plate portion 170a; and a
st opper protrusion portion 113c projecting in the radially inward direction
froma radially inward tip end of the propeller blade 170b. [0037] The boss
114 incIuF&s a ngr $¥ s?%ara | e bosses 1. and 152 configured tq be

separ abl 8MRESYtIACT; Ydhe HigHang seeRfd; Water Bibaicatsd bearingy 4Ghandd! png thegotarhe
separ abl e bosses 15 nd 152 is fornmed in a _warhead shape which gradually
decr eased4H Bgﬁﬁét é}eati‘ﬁtst%‘é sejtabha Aetaghgdetor disassemblsghe fairings 39 iabg 3axihe

| ine. The boss having a_streanlined shape is formed such that opposing end
sur f aces SBPPArHENE: A% ARB P Hukihedhird ang genrtinoasings 26 anfchied This eesbirevedssr .
The left-side separable boss 151 includes a bolt hole 151a penetrating in
the dir e@f5sh it §retiadysseand sratespbricated begings dhand ¢1 gidr e getosnaig 1b
configured to respectively sandw ch the stopper protrusion portions 113c
are radibpﬁy4$orned on an end 20 surface of the left-side separable boss
151, the end surface being opposed to the right-side separable boss 152.
Each of {}B0] cResadingitheyowxmeaindody d therfinsi and yedond engrmblirat8 apd«iStdren,

| ocat ed between the center and outer peripheral end of the end surface of

t he sepafatsried Bese thesthird pemben He by guitablp deicpting e kolts, afd tHeenesnfirs and ace

of the separable boss 151. Each of the recesses 151b is open in the

radi al | ysegndamgmipersedfi and 49083]ixad tac temtividdtmembere58ss WHBR ahfsprit is
accommodating a bolt receiving menber 153 is fornmed at the center of an end
surf ace Bfangcpgsary tphpulk pufeths eptar apteetdofiem ths 2hird hended 56 yarfdaihe réacegnempposed
to the left-side separable boss 151. A plurality of recesses 152b

conf i gur s@rk of radk phec slidiag ysusfanebipt het hetos nogipevodyr 43 roas i len padoririednshild 3¢
are radially formed on the end surface of the right-side separabl e boss
152, themandaisingf acstatee whgrophosetbrt cort 4 |extdrnaliyddfits ethartabliemeatsr 1391. The
recesses 152b are forned to correspond to the recesses 151b when the

opposi ngTeerdfseyr itasamneéessimy foefdn apdator ghtweepabatl ped@sst e tHb toapdod 52
contact each other. [0039] In assenbling, first, the circular-arc plate
por t i onsrekistat obatingeofabp estabtere @d ppel ﬂhereammﬁaimehz&eai@rt)wsed to an inner
peri pheral surface of the rotor main body 43 by bolts. Thus, the

ci rcul ar [E@3¢] pThe eotporairnbedyl 49athe wespaler arenRABhERd i {PhMmbR Kadsédsr i cal
shape, and the propeller nenber 113 is formed by the separable propeller
menber s 4mD52 hiexdetadbablybfikéd toeaid atiotigerrBNbuts. 1 5hetefislel irngtamphoiviheAqhe 153a
on which threads are forned is pressed into the accommobdati ng recess 152a

of the rp@ptiai bladaepst didak, BaS probeller hidBiber N9 i§alétdcREd tfRen FRPASHA thadind
surfaces of the separable bosses 151 and 152 to contact each other, the

0pposi NgbsBCAS afd thkSskparBit B&xdts SARAAVSS inkl R8N PeQRRBIS rdpIRLH USitPR nBR dre0NS
170c of the separable propeller nenbers 170. In thi's state, a bolt 155 is

i nsert edThiy, eledasé bﬁn{aghgngmggnﬂéj,gs_and the bolt hole 153a via a washer
154. Thus, the separable bosses 151 and 152 are fixed to each other. Then,

at the tjom2pfEmboaiRBAEe, by detaching the bolt 155, the rotor main body
43, the separabl e propeller

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 the outer casing 121 and the inner /<‘:asing 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



" 21 menbers 170, and the separable bosses 151 and 152 can be separated from
one anot her. [0040] Each of the above enbodi nents has expl ained the thrust
generating apparatus which can be attached to a common | arge vessel.
However, the thrust generating apparatd§ of each of the above enbodi nents
may be attached to a novabl e body configured to be novable relative to the
wat er on or under the water. The thrust generating apparatus of each of the
above enbodi nents is applicable to subnersible vessels, tugboats, and

research.s

.oil drilling rigs which stay at a certain position on

I ps .an !
the wate rb.og)(/glr’g ov gl“,lcei FPIRPRICRISUethE B BSAeating apparatus sl 190are jBe dams a8
pressure sour g for ,suppf yi ng 1Lhe water to the water |ubricated bearing.

Hovever , thess qfimeplel Ercsnt

start-up period in which the propeller blade starts rotating or

of the ek easmepklli e semsirelorenegisignsjare wsed

in a period

i n whi ch feige fame compopents, i yletailed explgnationsitbergpf are omited-cat ed bearing 22

CLAI M5

[0033] 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 direction along the rotation axis line X and which
respectively form side openings 130f and 130g of the vertical wall portions 130a and
130b; and a flange portion 130h formed at upper ends of the vertical wall portions 130a
and 130b. For example, end portions of the inner cylindrical portions 130d and 130e
are respectively welded and fixed to opposing ends of the cylindrical walls 63 and 64
shown in Fig. 3. The main channel R is defined by inner peripheral surfaces of the
inner cylindrical portions 130d and 130e, the support rings 28 and 29, the rotor main
body 43, 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.

[0034] 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 S1
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 131 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. Here, the end



[ 1]’A thrust generating apparatus provided in a liquid and configured to
generate thrust by ejecting the liquid, the thrust generating apparatus
conprising: an annul ar stator at which plurality of coils are provided,;

a rotor including a plurality of magnets, an annular rotor core to which
the magnets are attached and which is constituted by a nmagnetic body on

whi ch a corrosion resistant coating is forned, and an annular rotor main
body externally fitted by the rotor core; a propeller blade provided

on 2 20 o BT % e gL ar T P a0 Lo Lo

Lhe, ot or 11, oy Brpulded o, opBoscd i o ope sl sy geeand,outer

thrust | Os gw%r}g l%g.r 36.1)€ii al"lhele?'c?rcé,; b)ef1 r(liceitaching the cover 131, 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 hull, and the maintenance work can be performed in
the hull. |
[0035] Embodiment 3

As shown in Figs. 6 and 7, according to the thrust generating apparatus of

Embodiment 3, the propeller blades of a propeller member 113 can be disassembled
individually. Since the components excebt for the propeller member 113 and a boss 114
are the samé as those of Embodiment 1 or 2, explanations thereof are omitted.
[0036] The propeller member 113 is constituted by assembling a plurality of (for
example, six) separable propeller members 170. Each of the separable propeller
members 170 includes: a circular-arc plate portion 170a on which bolt holes 170d are
formed; a propeller blade 170b projecting in the radially inward direction from the
circular-arc plate portion 170a; and a stopper protrusion portion 113c projecting in the
radially inward direction from a radially inward tip end of the pfopeller blade 170b.
[0037] The boss 114 includes a pair of separable bosses 151 and 152 configured to be
separable in both directions along the rotation axis line X. Each of the separable bosses
151 and 152 is formed in a warhead shape which gradually decreases in diameter in the
outward direction along the rotation axis line. The boss having a streamlined shape is
formed such that opposing end surfaces of the separable bosses 151 and 152 are attached
to each other. The left-side separable boss 151 includes a bolt hole 151a penetrating in

the direction along the rotation axis line. A plurality of recesses 151b configured to

respectively sandwich the stopper protrusion portions 113c are radially formed on an end



" a second sliding bearing provided on the other side of the rotor main body,
provided to be opposed to the other side surface and outer peripheral
surface of the rotor main body, and configured to support the thrust | oad
and the radial |oad, wherein theéOr ot or main body includes a first
menber including the side surface and outer peripheral surface which are
opposed to the first sliding bearing, a second nenber including the side
surface and outer peripheral surface which are opposed to the second

i ncl udi ng a supporting surface

zloln? ;2? i Eﬁrafé#”%m@? qﬁg'rsit“gnég%ﬁr&ggrel;%éelﬁfa the eendo sitaceo Peing aorposed 10 st to
third menpers, are fixed to one another so that each nenber is detachable.
23 t hr ustiggysids e%’?PF‘WBFet hess ilgai dEaghoftthe useesgendp il i sxiendp plaiemt agadially
conpri si ng: . an, annul ar_ stator including a casing, a plurality of
coi |'s beilHETRFURIF ROgition. derafethbetwisen iththpites pad oyfer tnvsipbersl apd of the end
surface of the separable boss 151, up to the outer peripheral end of the end surface of the
separable boss 151. Each of the recesses 151b is open in the radially outward direction.
[0038] An accommodating recess 152a for accommodating a bolt receiving member
153 is formed at the center of an end surface of the right-side separable boss 152, the end
surface being opposed to the left-side separable boss 151. A plurality of recesses 152b
configured to respectively sandwich the stopper protrusion portions 113c are radially
formed on the end surface of the right-side separable boss 152, the end surface being
opposed to the left-side separable boss 151. The recesses 152b are formed to
correspond to the recesses 151b when the opposing end surfaces of the left and right
separable bosses 151 and 152 contact each other.
[0039] In assembling, first, the circular-arc plate portions 170a of the separable
propeller members 170 are fixed to an inner peripheral surface of the rotor main body 43
by bolts. Thus, the circular-arc plate portions 170a overlap one another to form a
cylindrical shape, and the propeller member 113 is formed by the separable propeller
members 170. Next, the bolt receiving member 153 including a bolt hole 153a on
which threads are formed is pressed into the accommodating recess 152a of the right-side
separable boss 152. Then, by causing the opposing end surfaces of the separable bosses
151 and 152 to contact each other, the opposing recesses 151b and 152b sandwich the
stopper protrusion portions 170c of the separable propeller members 170. In this state,
a bolt 155 is inserted through the bolt hole 151a and the bolt hole 153a via a washer 154.

Thus, the separable bosses 151 and 152 are fixed to each other. Then, at the time of

maintenance, by detaching the bolt 155, the rotor main body 43, the separable propeller



~a rotor provided on an inner periphery side of the stator and including an
annul ar rotor main body at which a plurality of magnets are provided;

a propeller blade provided on a radiakgﬁ inner side of the rotor main body
and formed integrally with the rotor i'n body; a sliding bearing -
provided to be opposed to a side surface and outer peripheral surface of
the rotor main body and configured to support a thrust |oad and a radial

| oad; and funnel -shaped fairings respectively provided on both sides
of the rotor, main body, and each. for SO to enl arge di anet er _t her eof
"h o i r QRETBHTE AR R e b 7 s SepHated Trom OpR@nekER ng. and
the fairi are integraijed wifh_one another so that each is detachable.
[3]A thr J@&E‘Heﬁéﬂap&ﬁgﬂ P %IPE%dlﬁxeB(ﬁ Q@édem#alaed theuthgusy genergling gppaatuso

enerat e thrust ejecting the |iquid, )
g whr}ch can bB/e a{tac%ed t% a commgn 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 éubmersible
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

lubricated bearing).



" the thrust generating apparatus conprising: an annular stator at which a

plurality of coils are provided; a rotor including a rotor main body at
which a plurality of magnets are provided; a propeller blade provided on a
radially inner side of the rotor main y and fornmed integrally with the

rotor main body; and a boss forned integrally with a radially inner tip end
of the propeller blade and 24 provided on a rotation axis |line of the
rotor, wherein

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 including a plurality of magnets, an annular rotor core to which the
magnets are attached and which is constituted by a magnetic body on which a corrosion
resistant coating is formed, and an annular rotor main body externally fitted by the rotor
core;

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

a first sliding bearing provided on one side of the rotor main body, provided to
be 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; and

a second sliding bearing provided on the other side of the rotor main body,
provided to be 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, wherein

the rotor main body includes a first member including the side surface and outer
peripheral surface which are opposed to the first sliding bearing, a second member
including the side surface and outer peripheral surface which are opposed to the second
sliding bearing, and a third member including a supporting surface contacting an inner
peripheral surface of the rotor core, and the first to third members are fixed to one

another so that each member is detachable.

[2] A thrust generating apparatus provided in a liquid and configured to generate



" the rotor main body, the propeller blade, and the boss are fixed to one
anot her so that each is detachable.

23

thrust by ejecting the liquid,

the thrust generating apparatus comprising:

an annular stator including a casing, a plurality of coils being provided on an
inner periphery side of the casing;

a rotor provided on an inner 'periphery side of the stator and including an annular
rotor main body at which a plurality of magnets are provided;

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

a sliding bearing provided to be opposed to a side surface and outer peripheral
surface of the rotor main body and configured to support a thrust load and a radial load;
and

funnel-shaped fairings respectively provided on both sides of the rotor main
body and each formed so as to enlarge a diameter thereof in a direction away from the
rotor main body, wherein

the casing and the fairings are integrated with one another so that each is

detachable.

[3] 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 including a rotor main body at which a plurality of magnets are provided;

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

a boss formed integrally with a radially inner tip end of the propeller blade and
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provided on a rotation axis line of the rotor, wherein

the rotor main body, the propeller blade, and the boss are fixed to one another so

that each is detachable.



