Specification Title of Invention MARI NE PROPULSI ON DEVI CE [ Techni cal Fi el d]
This invention relates to the so-called azinmuth thruster, which sets the
propul sion direction by revolving a horizontal propeller shaft around a
vertical shaft for transmtting power and particularly to a marine
propul si on devi ce which enabl es propulsion in a notor generator sinplex,
propulsi?n Ln a main engi ne sinplex, and hybrid propul sion in which the
assi st of the notor generator [ e out put of the main engine.

[ Background Art] In % %%gﬁqgggdc%'as a tugboat, since a galn
engine is selected accordlng to the output required in work, the | oad
factor of the nain engine is |lowered in the noving or standby state except
t he work&@glgtggein%%gtggk§ is unfavorable in the fuel cost and the

mai nt enance and managenent. Further, when being on standby in the offing,

novi g ajaRaWES peedurs e ded i keep a position according to the sea
nmeteoric conditions. However, since the work barge nostly uses a fixed

pitch propeller, in the case where the nunber of revolutions of the main
engine is lower than the idling nunber of revolutions, the speed is
control | edcbyntike 1simip1egntrol of a clutch. Consequently, output |oss and
heating | oss due to a slip occur to | ower the efficiency, and further the
em ssi on anouthisefinvention relates to the so-called azimuth thruster,
which sets the propulsion direction by revolving a horizontal
propeller shaft around a vertical shaft for transmitting power
and particularly to a marine propulsion device which enables
propulsion in a motor generator simplex, propulsion in a main
engine simplex, and hybrid propulsion in which the assist of
the motor generator is added to the output of the main engine.
[Background Art]
In a work barge such as a tugboat, since a main engine
is selected according to the output required in work, the load
factor of the main engine is lowered in the moving or standby
state except the working state, and this is unfavorable in the
fuel cost and the maintenance and management. Further, when
being on standby in the offing, moving at low speed is needed
to keep a position according to the sea metecric conditions.
However, since the work barge mostly uses a fixed pitch
propeller, in the case where the number of revolutions of the
main engine is lower than the idling number of revolutions,
the speed is controlled by the slip control of a clutch.

Conseguently, output loss and heating loss due to a slip occur

to lower the efficiency, and further the emission amount of



greenhouse gas is larger as conpared with the obtained output. On
the other hand, in the variable speed control by electric propul sion which
has been increasing in recent years, the slip control in the | ow speed
noving state is not required, but the work barge such as a tugboat requires
great output in work, so that when transm ssion |oss due to electric

propul sion is taken into consideration, the required capacity of a power

general | . NGl e, ABd SOUL ﬂlgrg%r LR gRbLE AN (1EELATEa 1 hES e, [ N Lhe

probl em cul ty in casi e engine and the notor in the present
ship form on thid e 4o RAdress 18UGH & probl e Kybiiditype narine

propul sion device utilizing both the driving force of a main engine and the

driving farge ofc ﬁrB%h@% 1 BaSwREER HILBEsAtincreasind N& ABEEAE R0/l Sion
device disclosed Tn Patent Literature 1 is, for instance, a kind of the

so-cal | ed HeoRYeptdONRtol REL ABIT AR sPle@RUhE OAgHENVA € 1isNn¥bi el e red n

engi ne, a speed reducer and a propeller shaft are arranged in a line, and
the driving feeceoek bhecavéncieng re cduboes aepuopek! grebhrougbut him speed
reducer. This marine propul sion device has a speed reduci ng reverse gear
provi ded vigr i ,hgoitt=er wvhenvi tdnsm compbn datceddspaedet edticing ramdi Y@t si ng
mechani smincluding a clutch, a gear and the like, in which a propeller is
driven by satpkiemeinbveromnidenat bbna wot arecanid-&d mweperc igehefas @owa T bot h
thereof, so that the output of the prinme nover is efficiently used, and the

em ssi on gemesdidiust gasins aedt raaspdt t of r ehei Retbowavebiaciceasadd | ow

noi se. On the other hand, the marine propul sion device disclosed in Patent
Li t er at urresh iania igorifiegurrenk o iaf vhi foht G ey nlle g S g st R ittt e
through a clutch to a propul sion device including a propeller and a speed
reducer, aaWd tdlsdnaPrel et ie pFoOPRnsi B Rof8F™is direct-coupl ed thereto,
and further a generator is direct-coupled to the opposite side to, the
propul si on devirEeCBESEHER PN EigPNER SPTMSBurd AYPRGhE¥BBPENT gat i on,
the propul sion device is driven only by.th in_engine, and_during | ow
speed naWrGRYoH % ﬁ}t?vb‘rcc?pﬁ’ltﬁﬁc}r?ld@ib%r} ﬁ“@rl e |$Oﬁ§et RE B1%8%t%i ¢

pr opul si on not or t he. generator_is driven t he in_engine. Thus, it

i s possi P& 6F§€ﬂ&§§é*ﬁﬁ¥%%% g ??dogr%pﬂPg¥5ng§§s SR WRCER ST real i ze

hi gh function of the ain sngine 5 wing: generatorsapd; mplatyci zation of

the nmotor for auxiliary mec Imery, and remarkabl'y réduce the equi pnent

cost. Literature 1 is, for instance, a kind of the so-called
conventional type marine propulsion device in which a main
engine, a speed reducer and a propeller shaft are arranged in
a line, and the driving force of the main engine drives a
propeller through the speed reducer. This marine propulsiocn
device has a speed reducing reverse gear provided in the
interior with a complicated speed reducing and reversing
mechanism including a clutch, a gear and the like, in which
a propeller is driven by a prime mover and one of a motor and
a motor generator or both therecf, so that the output of the
prime mover is efficiently used, and the emission of exhaust

gas is decreased to realize low vibration and low noise.

On the other hand, the marine propulsion device disclosed



[Citation List] [Patent Literature] [Patent Literature 1] JP-A No.

2001- 270495 [Patent Literature 2] JP-A No. 2007 -284018 [ Summary of

| nvention] [Technical Problen] According to the nmarine propul sion device
described in

in Patent Literature 2 has a configuration in which a main
engine is connected through a clutch to a propulsion device
including a propeller and a speed reducer, and also an electric
propulsion motor is direct-ccupled thereto, and further a
generator is direct-coupled to the opposite side to the
propulsion device of the main engine, so that during high-speed
navigation, the propulsiocon device is driven only by the main
engine, and during low-speed navigation, the propulsion device
is driven only by the electric propulsion motor and the
generator is driven by the main engine. Thus, it is possible
to provide a marine hybrid propulsion system, which may realize
high function of the main engine driving generator and
miniaturization of the motor for auxiliary machinery, and

remarkably reduce the equipment cost.

[Citation List]
[Patent Literature]
[Patent Literature 1] JP-A Nc. 2001-270495

[Patent Literature 2] JP-A No. 2007-284018

[Summary of Invention]
[Technical Problem]

According to the marine propulsion device described in
Patent Literature 1, however, a complicated and expensive speed
reducing reverse gear including a clutch, a gear and the like
is needed, which causes the problem of high manufacture costs.

According to the marine propulsion device described in



Patent Literature 1, however, a conplicatedandexpensive speed reducing
reverse gear including a clutch, a gear and the |like is needed, which
causes the problem of high nmanufacture costs. According to the marine
propul sion device described in Patent Literature 2, one main engine should
be equi pped with a generator and a notor, respectively, resulting in the
probl em that the system becones expensi ve. Thi s invention has been

P S o B LA orhof O A4 L5, ARy of the
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that the system becomes expensive.

This invention has been made to address the problems of

the related art and it is an object of the invention to provide
a marine propulsion device, which may facilitate assembling
to a ship, lower the manufacturing cost, and have high
reliability, and realize efficient drive control appropriate
to the load state of the ship to reduce fuel consumption by
adopting a simple and compact configuration in which a main
engine and a motor are connected to a propulsion system not
through a complicated speed reducing mechanism in the so-called
azimuth thruster type marine propulsion device adapted to set
the propulsion direction by revolving a propeller shaft around

a vertical shaft for transmitting power.

[Solution to Problem]

Amarine propulsion device described in claim il includes:
a power transmission clutch provided on an input shaft to
transmit the driving force from a main engine; a horizontal
input/output shaft, one end side of which is connected to the
input shaft through the power transmission clutch; a verticai
gshaft, one end side of which is connected to the substantially
central part of the input/output shaft through a first turning
mechanism; a horizontal propeller shaft, one end side of which
ig connected to the other end side of the vertical shaft through

a second turning mechanism; and a propeller fitted to the other



reliability, and realize efficient drive control appropriate to the | oad
state of the ship to reduce fuel consunption by adopting a sinple and
conpact configuration in which a main engine and a notor are connected to a
propul sion system not through a conplicated speed reduci ng mechanismin the
so-called azinmuth thruster type marine propul sion device adapted to set the
propul sion direction by revolving a propeller shaft around a vertical shaft
for transmtting power. [Solution_tq,Probl . A_nmari ul si on
devi ce dé?%ii%%%ei%gﬁF%?n?ioPﬁéﬁﬁaegh?fg’p§§%whgfgn§ﬁfé |oﬁm%ﬁﬁ#£%%brovided
on an inpuf. f.1 t 1Lt (YA fro ' L 1€a.-a
horizonté#é¥ﬁ%§gﬁ63?fh@%gﬁg%bgggﬁegéH%égg%gq%%?ﬁ%?c%h?sgggg%gggigﬁ?% t he

i nput sh r r LSS C ; ircals s . one
end si do o WA e e e aunerant T oy Sener el part ol the

I nput/ outpuit, shaf t £ 5rEUghA i L8kt BhNHRY +MBCBARELS Myt A Z0MAlor
propeller shaft, one end side of which is connected to the other end side
of the vesdicalrshafd dhpuahed secand  Wdidke: BReRaniesM saad arptiopel | er
fitted to the other end side of the propeller shaft, in which the

propel | eridsudrbyepubyskhhec i n engine to propel a ship, and the propeller
shaft and the propeller are revolved around the vertical shaft to set a
propul si on dir emtd amioind herships i vhedeirhca detoripederat eflaiism eonsect ed
directly to the other end side of the input/output shaft. The mari ne
propul si afth&teyd cer desdr ihedhién dhaithe?nas ickapacperlisded idevihat dsn t he

mari ne propul sion device as described in claiml1l, a base part, in which the
power trahsnesshed thutthimt he anpaskopiptit shafthiadd tttee daweast t urni ng
mechani smare nmounted on a top face side thereof and the vertical shaft is
provi ded tupsnetsave thetcbp fheelnpsti/outeutt shaotansntdte thieshi p, and
the notor generator is integrally nmounted to an upside of the base part.
The nari nelyr bpdres e eiesih cir @l ek ed ¢t & ltabmig ces séhgr &Be&rPEed™n t hat
the marine propul sion device as described in claim1 or 2 includes, a
control ue veiirr bropl s ihehiifleth & PESSHISGh Hhsdé “BefeEted fr om

not or propul sion in which wiwth the power transm ssion clutch put in a

di sengageld Steff et Ot hePHbton @énEP&tgpiPs Gty &RCa g ot G- Hy br d
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while the drive, s performed by, Lhe MaLD 00508 rived in claim 3 is
characterized in that the marine propulsion device as described
in claim 1 or 2 includes a control unit, which propels the ship
in & propulsion mode selected from motor propulsion in which
with the power transmission clutch put in a disengaged state,
the motor generator is driven as a motor and hybrid propulsion
in which with the power transmission clutch put in the
connecting state, the motor generator is used as a motor or
a generator while the drive is performed by the main engine.

The marine propulsion device described in claim 4 is

characterized in that the marine propulsion device as described

in ¢laim 3, inciudes a two-way inverter connected to a power

supply to control the motor generatocr,



The marine propul sion device described in claim4 is characterized in that
the mari ne propul sion device as described in claim3, includes a two-way
inverter connected to a power supply to control the notor generator,
further, a controller as the control unit: performs operation on
receiving input of a steering wheel command signal output by a ship
operator's handling a steering wheel to designate the nunber of revol utions

of the propeller, andoad loforgnilen, on f0egalooeng,oe. outputs a
In (0]

node sel ect signéf or’ set g a control node e notor generator to a

| uti iy
revol ution nurbgf%rrﬁoggrhlﬁ% g{ﬁe@a@%woﬁrfe%q%ngggﬁl;ﬁ dEDQ%t%%‘h%g; iRyerter

command si gha g thé notor genera n the sel ected control node

to the t WOsMARYL S RAEH S roggg%dﬁ;[% %ﬁiﬁ@p@fﬁméi%r{cﬁﬁﬂg} e kuethepgout puts

a clutch control signa putting the power transm ssion clutch in the

connect i ng, s& A&, Glstibe di-SeRgagednel-al € AL,d1he: RaVe oA EaRSPL§pLONeel Ut ch
and further outputs a“governor command signal for giving a conmand of

revol uti omaunbes oficbhesPBbA BAJERAE hEihhendaing engine, to thereby
control the notor generator in the revolution nunber control node in the

nmot or propul si asut@nts cofbael skhecibs Ngeali Ner alwd: oty okohhe oonode

generator in the torque control node in the hybrid propul sion.
of the motor generator to a revolution number control mode or
a torque control mode and an inverter command signal for driving
the motor generator in the selected control mode to the two-way
inverter according to the arithmetic result, further ocutputs
a clutch control signal for putting the power transmission
clutch in the connecting state or the disengaged state to the
power transmission clutch and further outputs a governor
command signal for giving a command of revoclution number of
the main engine to the main engine,

to thereby control the motor generator in the revolution
number control mode in the motor propulsion, and control the
main engine and control the motor generator in the torque
control mode in the hybrid propulsion.

The marine propulsion device described in claim 5 is
characterized in that the marine propulsion device as described
in ¢laim 4 includes a power generation engine and a ccondensed
discharge mechanism as the power supply.

The marine propulsion device described in claim 6 is
characterized in that in the marine propulsion device as
described in claim 5, the controllier monitors a depth of

charging of the condensed discharge mechanism on receiving



The marine propul sion device described in claim5 is characterized in that
the mari ne propul sion device as described in claim4 includes a power
generation engi ne and a condensed di scharge mechani sm as the power supply.
The marine propul sion device described in claim6 is characterized in that
in the marine propul sion device as described in claim5, the controller
nonitors a depth of charging of the condensed di scharge nmechani sm on

recei ving . charging depth_informatio ro e i e
nechanisnfh%ﬁglggoggpgﬁa%aﬁﬁﬁﬂb lfﬁng%ﬁhgﬁkgéxﬁfsc’%%%giﬁ%%%£§$§n1

accordingmggh%nggﬁrgéﬁﬁﬁgg% @9%H§%§ﬂﬂ%j5¥§¥§% t'ﬂ&%hééht£¥%89§9@@56d

di schar ge nechani'sm whén chargi'ng dept e condensed di stharge

mechani s %séﬁgﬁtﬂﬁpga@é 4 BNEE N3l a 5aNth AL SO 6 ARLEA $i dihier IRt

generator contro d In the torque control node through the two-way
Inverter gg Eﬂétcéﬂ&eﬁgé@@imﬂgé 105 16 PsrAViRh &h tihes %Yﬁ&@l@igﬂ@e%ftlﬂ he
[Effect of the ccordi ng

condensed di scharge nechani sm nventi on]

to the mapinenhrQwdshOR devd s GeSOdDesh IdkEd @idn:zl prihe teentaldaed
azimuth thruster adapted to set the propul sion direction by revolving the

hori zont al;apriepedh@z 18@tbna-euRrd ket bealershait cébatrblasanit titrg t he
power adopts the structure in which the nain engine is connected only to
one end stdeqgak tbRtirbputbOEt Piutoshafltheftiwdevayi nndrtdw ust enhetthreduegh t he
singl e power transm ssion clutch without interposing a conplicated speed
reduci ng feehaai sarompd theonod avagehertst avérclthreetot alpd edridertdsal ot her
end side. Therefore, a sinple and conpact-sized configuration can be
real i zed dndchssgabhienypaing sithe ship can be facilitated to reduce the

manuf acturing cost. Furthernore, even when one of the main engine and the
notor generator is broken, the operation can be perfornmed w thout a

hi ndrance, and the clutch is only one power transm ssion clutch, being
sinpl e wi tE6GECh Spesder dayeaiodd that the reliability as the marine

propul si on device is high. _ , ‘ ,
According to the marine propulsion device as described

in claim 1, the so-called azimuth thruster adapted to set the
propulsion direction by reveolving the horizontal propeller
shaft around the vertical shaft for transmitting the power
adopts the structure in which the main engine is connected only
to one end side of the input/output shaft of the azimuth
thruster through the single power transmission clutch without
interposing a complicated speed reducing mechanism, and the
motor generator is direct-coupled to the other end side.
Therefore, a simple and compact-sized configuration can be
realized and assembling to the ship can be facilitated to reduce
the manufacturing cost. Furthermore, even when one of the main
engine and the motor generator is broken, the operation can
be performed without a hindrance, and the clutch is only one
power transmission clutch, being simple without a speed reducer,

so that the reliabilityas the marine propulsiondevice is high.



Furthernore, since adopted is a hybrid systemin which a power source as

t he propul sion device is conbination of the nain engine and the notor
generator, the efficient drive control fit for the |oad state of the ship
can be realized to reduce fuel consunption, |ower the output of the main
engi ne and enabl e downsi zing. Wth this advantage, the running cost and the
gr eenhouse gas emn ssion anount can be reduced, and in addition, the degree
Ohe noedom LoLaYOUL call. 0 DEIANLICT, B AR LI 1 unicn LEELAI NG 1O

t he mari ne propul si on devicte as descri in cl he ‘not or ~ gener at or
is fixed dir |yt h t i.ch i :Qﬂﬁ”F at. t tom of the
ship and ?%ugfg%c%stggghg}:ltg?gﬁtsg?hi r?‘g\lgy?/:o%utlﬁ’lsjt sha fact!ls i%}?e%’fg éﬁic?r?he

Mot or gengal oL %ﬁdd‘cﬁgpﬁlc‘JEQF%@He£Qth? phhecrend; shdeqoh vEhechppyt/ out put
shaft, so that the configuration as the whole device is further

conpact - s zedg o Furf ey imy & ddk R frddMNg J ke ORer aklhan skar thnskalkkng the
mari ne propul sion device in the ship in ashipyard, it will suffice to
mount t heshase Rafdm@ti dhe1 8ett anObut Bar i Phansh GoBAgehet 4101 BRER1ENYI NE
of the ship to the driving force transm ssion clutch, so the operation is
sinple. Thatnésziagartwitiomihe opesatiga, f erenpunhing thetbasa pakt at the
bottom of the ship, it is not necessary to nount the notor generator at a
required gposéhhonseafgdshembett omafolilie cali pe ofedagaidy endnechdiheisane to

t he i nput/output shaft on the base part, and therefore the man-hour can be
decr easedc h® degaldezef ffurateliem tedugtdoncan bwhafgbtankedigpicdstmsizing.
According to the marine propul sion device as described in claim3, in the
mot or propul si dsceh@ind it ddrt melr igen guored s lion dey ilcewaspdedcdibed st ate
of the main engine is not needed, so that generation of heat and power | oss
in the polerclaianshi $dicomochut ghneaased by fheed|diprevnty dlo ¢ée baseeduced.
Further, in the case of stopping the main engine in the notor propul sion,

t he runniPREcosthipl tshaqpd@thelsé&ng§aBoEPEsPHN-REUNE did #§ Whathengi ne
stop can be decreased. The notor generator sharing the load with the main
engi ne meyRIrivel FaBtal ol NPUE/ SHAPE o IR Gt futttash 13 nidtdrYeer at or

can be mniaturized to be carried_integral on the baseqp,art of the azinuth

thrust er 9FRHERECE hFndtAREE CPHBLEFe LAt iTOF i9FASTe Gy 3364 Yedil¥h of the
i i is,d dth ti in the efficient, |oad i i
possi bl o BFPETATETHEE EohEhmpEPoR AL s GUB L S AT hADr it GRS o,
i th t . i s dri . h tor, the t be 100%
s nce o IDLOL ENSLAba, Lagdiien sn dhe mbac e ocie a0 b 100
| oad d ilit £ j.ust it i | J f or. b
oad a0 § 14364 ST D 1 DR PO TG, oo b
transm ssh,on fi‘éﬁ ‘:‘Lhegcé/hi?%&)f&f Ofér%ﬂﬂyﬁh?%i'&' Eoerﬂc%ﬁ‘@’t%é‘%a@ ﬁéﬁt
generator can used as the nbtor or the generator according to the | oad

state, sQ hale igHAGGEIG AHORL (HOLHE R33! ¢k he 9blained romthe
notor generator acting as a notof. In cruising and decel eration, the notor

gener at org1aGH kB 188 & 198RRY 8L Ok REF{ 04 Bs POME-19818T akbathd Bpkhakeby charge
t he condensed di scharge nmechani sm such as a battery provided at need, and

surpl us eneeg@npaan benkecoyerfthr AT Rg b9ethei RN fHe niapulst enedevi ce
as descri bed
bage part at the bottom of the ship, it is not necessary to
mount the motor generator at a required position of the bottom
of the ghip or again connect the same to the input/output shaft
on the basge part, and therefore the man-hour can be decreased
to realize further reduction in manufacturing cost.

According to the marine propulsgion device as described

in claim 3, in the motor propulsion, the slip control conducted



in claim4, the main engine and the two-way inverter are

i ntegrated-controlled by the controller to thereby snoothly switch between
the notor generator and the nmain engine. In the notor propul sion, the notor
generator is speed-controlled to thereby enable fine ship handling in the

| ow speed region, and in the hybrid propul sion, while the output of the
mai n engine is taken as base |l oad, the controller controls the notor

gener ator, 25,8 7Bl,0r, 8Ec0Lding 10,06, hip FURA g 5l ALE, HLbepebycgesi sting

the main elhgl ne generator I's ac e genera

t t sshi bl ed
genera egsocg\g@%w SPLPLYA 8?%8%5' TRHSpoRbld Gisent s$hid S E;rga{we&g i's enable

accordin state. t|on since the nain e ne can be

oper at ed Efbﬂ&ﬁﬁﬂbﬁ'c@ﬁité}?% %edflgfqueogs,tigp&bﬁeregrbmb@eﬂgaﬁeed
According to the marine propul sion device as described in claim5, the

pover to #he: ot Orlrp%mleb%a§lépekl E%élﬁ%??tﬂ@egﬁ@{@dﬁm@&% Recand-bhe

condensed di scharge nechani sm so t he capacity of the generation

engi ne cafHsuEden sMahd fudilialy escapacichy grebh@ombogageseiatoon and
conpact ness can be realized by downsizing. Further, the power supply is

gi ven rediwlameydsoihatheyeanyhes enepi sahr bléeaecb:bas@mer arhermesaorbe
performed w thout a hindrance. According to the marine propul sion

devi ce asgélestdtbedHaritiaime] otfies anttiel hetd naénayse noy tariset esthar gi ng
dept h of the condensed di scharge nmechanism and when it reaches a certain
char gi ng ftept hc orshere, ofenkeatuoputs oapt heenpicdorgeeereatadron ssgpaused to
avoi d overcharge. [Brief Description of the Draw ngs]
miniaturized to be carried integral on the base part of the
azimuth thruster without a hindrance. The operation in the
low load region of the main engine is decreased, and the
operation in the efficient load region is possible so that fuel
consumption is improved. In the motor propulsion, since the
motor generator is driven as the motor, the torque can be 100%
output even in the low rotation state to quickly respond to
the propeller load and facilitate fine adjustment. Thus, ship
handling performance can be improved. In the hybrid
propulsion, while the propeller drive having good transmission
efficiency is performed by the main engine, the motor generator
can be used as the motor or the generator according to the lcad
state, so that in acceleration, torgue assist can be cbtained
from the motor generator acting as a motor. In cruising and
deceleration, the motor generator acting as a generator
performs power generation to thereby charge the condensed
discharge mechanism such ag a battery provided at need, and

surplus energy can be recovered.

According to the marine propulsion device as described



Fig. 1 is a sectional view showi ng the principal part of a propul sion
mechani smin a marine propul sion device according to a first enbodi nent of

t he inventi on; Fig. 2 is a table typically showi ng the genera
configuration of the marine propul sion device according to the first
enbodi nent of the invention; Fig. 3 is a diagramshow ng the

control state of each part in the respective operating conditions of the
mari ne prunIS|on Eeyice according%to t he flrét enbodi.nent  of

|n\r/£nt|of cl ?lm EF?A“?%“a.%? T aPi' S hbiF W?ﬁgaFeFEFﬁgﬁgﬁup Setmeen t he
| d |
B:,Jopﬁ{sf)ojﬁ{te\e%l (L)!% ns O rc?lﬁ (% e tehe al nérc?lfé?g.%) teljief#épu% 5&:1’?‘1 tOI‘

propu si‘on Teégion in Ip ru
state in S n ul n
devi ce. actordih %%% SArRer oF e HIS MRLLnenRRM ST
is ablo n I ONS: h art
in the c§§59§§§rgn%%¥£%%$#%% Sgg%h f%ﬁeggg?%gbgcg%r |nd£to tn§£%$%§t p
enbodi ment, ¢htheJ BYERGLOR: hE @19{55 rrﬂﬂmﬂ@ tﬂﬂ%h@o&% BHeRY! Sl P16k £gi on i n
the ship running state; is a block dlagran1typ|cally showi ng

the operalig £ondi thans ofp ﬁ@ﬁ@l@%ﬁ Inhmé gasecwhene e tier nden

pr opul si on device accordlng to the first enmbodi nent of the invention is

control | ethdimd he twbeh A=Propel 1800, FBgi @fntFol her it felmnichg wdedLe;

' generator as a motor according to the ship running state,
thereby assisting the main engine, or the motor generator is
acted as the generator to generate power with surplus energy.
Thus, efficient ship running is enabled according to the load
state. In addition, since the main engine can be operated in
the efficient region, fuel consumption can be reduced.
According to the marine propulsion device as described
in ¢laim 5, the power to the motor can be supplied from the
generation engine and the condensed discharge mechanism, so
that the capacity of the generation engine c¢an be made smaller
than the capacity of the motor generator, and compactness can
be realized by downsizing. Further, the power supply is given
redundancy so that even when one is broken, the operation can
be performed without a hindrance.
According to the marine propulsion device as described

in claim 6, the controller always monitors the charging depth
of the condensed discharge mechanism, and when it reaches a

certain charging depth or more, generation from the motor

generator is paused to aveid overcharge.
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Fig. 7 is a diagram show ng amari ne cube characteristic, which is the

rel ati onship between the main engine rotating speed and the nai n engi ne

output in the case where the marine propul sion device according to the

first enbodi ment of the invention is controlled in the hybrid propul sion

region in the ship running state; Fig. 8 is a diagram show ng the

mari ne cube characteristic, the output characteristic in tow ng work when
ener t or recei ved, and the out put

t he aSS|s€ eCEhe nmot or ﬁ
char act er i%t} 9@??&9?5 %eﬂ eE?es 5?8189 he relationship bet ween the
nb f | t f th t th

case where the on eV|ce accor odlnent

of the inveniig oﬁl& rﬁégﬁgnwmt be nyamngr %Qg:p%'l%rlohe@e%c’en the ship

runni ng §%ate I's a control syste agram particularly

show ng the. g P&‘{ﬁ%ur{é‘téof‘ ét 3. 608hE AL 8Y SEeRLicn 1hhengengral configuration

of the narine propul sion device according to the first embodi ment of the

i nvention; g Fi8.1 14 isyye i gy am shoWengwt hg g8Begahkeniconfiguration
of a ship |nclu ng a mari ne propul’sion device according to a second

embodi ment.,of § #ﬁh?aﬁf‘dﬁ@f‘ Phe k- ond | ;prr%pﬂlll@&on deviceR@&odding t& Pheck
diagramtypically show ng the operating conditions of each part in the case

wher e t her B4 NEmPEQDHE S 09 deME Cenaeaerdhng to the second enbodi ment of

the invention is controlled for the fire fighting actuation; Fig. 12 is a

di agr am show ngritche peneraldicyddgutedw Dy the control state of each
part in the respective operating conditions of the marine
propulsion device according to the first embodiment of the
invention;

Fig. 4 is a diagram showing the relationship between the
number of revolutions of a propeller and the propeller output
in a motor .propulsion region and in a hybrid propulsion region
in the ship running state in the respective operating
conditions of the marine propulsion device according to the
first embodiment of the invention;

Fig. 5 is a block diagram typically showing the operating
conditions of each part in the case where the marine propulsion
device according to the first embodiment of the invention is
controlled in the motor propulsion region in the ship running
state;

Fig. 6 is a block diagram typically showing the cperating
conditions of each part in the case where the marine propulsion
device according to the first embodiment of the invention is
controlled in the hybrid propulsion region in the ship running

state;

11



of the conventional ship carrying the conventional type azimuth thruster,

which is a fixed pitch propeller, a full slip clutch and a fire punp;

Fig. 13 is a diagramshow ng the general configuration of the conventional
ship carrying the conventional type azimuth thruster, which is a variable
pitch propeller, and a fire punp; Fig. 14 is a control system

di agram showing in particular the configuration of a control systemin the

general configuratiqn, of a.nmarine. propul sion device a rdi third
enbodi nent of thed i %vje‘?‘ltai %ﬁ?gﬁﬁ sHEwihg BG5S eag"g%%%{;%r%%% em

diagran1§€§¥¢%g%%?F§%r%%ig %gngg§pCB@E&gghaE%%2H%Hnae O%%PE&%E%é?%in the

gener al u a marine-propulsion device ac ing to ourth

Eggg: gg%pe%dtgjed ig}}/ee%taji%nen[;;%geoﬁgf)uga{ﬁyﬁﬂg Qe thednveatihonind. First
propulsicn device according to the first embodiment of the
invention is controlled in the hybrid propulsion region in the
ship running state;

Fig. 8 is a diagram showing the marine cube
characteristic, the output characteristic in towing work when
the assist of the motor generator is received, and the output
characteristic in the independent state by the relationship
between the number of revolutions of the main engine and the
main engine output in the case where the marine propulsion
device according to the first embodiment of the invention is
controliled in the hybrid propulsion region in the ship running
state;

Fig. 9 is a control system diagram particularly showing
the configuration of a control system in the general
configuration of the marine propulsion device according to the
first embodiment of the invention;

Fig. 10 is a diagram showing the generation configuration
of a ship including a marine propulsion device according to
a second embodiment of the invention and a fire pump;

Fig. 11 is a block diagram typically showing the
operating conditions of each part in the case where the marine
propulsion device according to the second embodiment of the
invention is controlled for the fire fighting actuation;

Fig. 12 is a diagram showing the general configuration

12



A marine propul sion device according to a first enbodi nent is an azinmuth
thruster adapted to set the propul sion direction by revolving a horizontal
propel l er shaft around a vertical shaft for transmtting power, which
particul arly enabl es propul sion with a notor generator sinplex, propulsion
with a main engine sinplex, and hybrid propulsion in which assist of the
not or generator is given to the output of the main engine by connecting a

i i d t or t to bot d f .hori tal i / out put
Thart o Bf e AR P ol T e b o PRy i Confhn By IR0 SORL L AL ARHES O DU

Fig. 2) As sho i.n Fig. 1. 1. he_ster f i .carryi t he

mari ne prB%ﬁ??F%ﬁ’d@%%@%lf 8fﬁFﬁ%ﬂéﬁ%5%%§gﬁ Flge Vo%ﬁé Eéﬁﬁ%ﬁﬁﬁéggg base
part of an_azinuth_t ter 17 of the marine propul sion device 1 is fixed
at the bo ?%n%?ﬁ%?goppmi'gear case 4 is mounted on the top surface side of

the floor 3, ang, izont gl i t f. n edt 9 AriBl aghne 5
b nei 8. het 1200l gl LhAM (ARANhO Lhangerted 1t Sofe TBLE, RGN

shown in F transmt riving rce, power transm ssion clutch

7 where t@?tih%oe&n§8§£ioﬁai%rﬁ%@gﬁ_f?@ﬁ%@eohoeﬁkiéhﬁ@,tﬁ-@g&&mehal _
i nput/output shaft 8, one end sSide o ich is connected to the output side

of the power,Lfapsmissiion sci %%ﬁa?ol@ﬁ@t@ﬂ SRReL 1 hevelargears e Paieh is a
first turning nmechani smprovided at the substantially central part of the

i nput/out put shafd 8.4 aEe BeHSed1idy dhen dRlkeiaal sBbwi he gephreasaldr
Further, as shown in Fig. 1, a strut 18 and a casing 10 are fitted to the

| ower surfpgecshfegatathenf b@oe 3ohe ricavewa dieliow dtee ghigral The strut 18
and the casing 10 can be revolved by a revolving drive nmechani sm not shown.
One end st¢ef{gheatppar oénd sbdeheobridhe lvardn cavistmfdcddrd smgotmmezted to
t he upper bevel gear 9 in the gear case 4 provided on the top face of the
floor 3, ahnilrflhembedtmeak shiathelinpemeticat;esridhr ough the floor 3 and the
bottom of the ship 2 to be disposed in the strut 18 and the casing 10. One
end side of a prbpelllseisshabnti@lisycormedegd amoskheinghiar pendisider(t he

| oner end side) of the vertical shaft 11 through a | ower bevel gear 12,

whi ch i s Bheeconfiguratagnnecéhancomtrothevatedr jehd-hs diewirahe propel | er
shaft 13 is P[ojected to the outside of the casing 10, and a propeller 14
is fittedeRtifierathen BAdasMAEiBE PREMIGIEN & sing t2aA i biected®t o t he
outside of the casing, 10. The propeller 14 is a fixed-pitch propeller, and
a subst anfPar Y %WPP%HW?B&IOéuépelﬁnW§nFPFFéd to the casing 10 to surround
the propeller 14.

[Mode for Carrying Out the Invention]
1. First Embodiment
A marine propulsion device according to a first

embodiment ig an azimuth thruster adapted to set the propulsion
direction by revolving a horizontal propellier shaft around a
vertical shaft for transmitting power, which particularly
enables propulsion with a motor generator simplex, propulsion
with a main engine simplex, and hybrid propulsion in which
assist of the motor generator is given to the ocutput of the
main engine by connecting a main engine and a motor generator
to both ends of a horizontal input/ocutput shaft of the azimuth

thruster, respectively.
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Further, as shown in Fig. 1, a notor generator 20, which acts as a notor
when el ectric power is given, and generates electric power as a generator
(a generator) when receiving external force to be driven, is nounted
integral with the floor 3 on the top surface side of the floor 3. The notor
generator 20 is connected directly to the other end side of the

i nput/output shaft 8 through a coupling 21. According to the present
enbodi men t he dr|V|n€ for?e transm ssion clutch 7 is put in the

di sengagekf st 2¢RE +SIF Rkt Sby Bégfan?ﬂﬁt re prggulsion in which the notor

generator 20 Iﬁ%%é%wgﬂ%a%ba%ﬂ?{?%n dglve the prgpels§5%14 gagﬂg{ggel t he

ship 2, and fu T ssion: ¢Tut ch

connect i ng sta te 10 t%s&@ﬁglggr&g@EEQYPrgg fﬁ&ﬁ%ﬁ?b@ﬂméﬂtmhgcﬁl§%£|S used

driving i3 per ored e nai n_engine of “genef at or

s 8 MOt OLe.05: 8, GRner BLOE pd i bt U PLoBHl.8hon, pRdeSy S, CRBENG Lhe

i ncl udi ng pr opel and t e prope I's revol ved around

the vert W%ﬁf@%&l 1&ev§.@§_r]@bXSOPRkQaaE{:ytﬁgt Ebegohh%hg&%l%%l | 'ﬂg%{@éfe(:t I on

of the s iIsis simlar to the conventional azinuth thrus

Accor di ngcawe the preseresephodhaenty asrfeserdhed Ko fi1dokhe, MRhane
propul sion device of an azinmuth thruster type, the main engine 5is

oper ati ved ywgonastLed it dthenere endoshdetcaf téhe raiputehoitput shadh 8
di sposed horizontally through the driving force transm ssion clutch 7, and

t he not origenes atoro20rissQperaide ety oconmeaied di peaklkyttanthessibar end
side of the input/output shaft 8, whereby the main engine 5 and the notor
gener at orc A0 @i & wpeneaited i hpubotte Bndsisfedreected to the input side,
a horizontal input/ocutput shaft 8, one end side of which is
connected to the output side of the power transmission clutch
7, and an upper bevel gear 9, which is a first turning mechanism
provided at the substantially central part of the input/output
shaft 8, are housed in the interior of the gear case 4.
Further, as shown in Fig. 1, a strut 18 and a casing 10
are fitted to the lower surface side of the floor 3 to revolve
below the ship 2. The strut 18 and the casing 10 can be revolved
by a revolving drive mechanism not shown. One end side (the
upper end side)} of the vertical shaft 11 is connected to the
upper bevel gear 9 in the gear case 4 provided on the top face
of the floor 3, and the vertical shaft 11 penetrates through
the floor 3 and the bottom of the ship 2 to be disposed in the
strut 18 and the casing 10. One end side of a propeller shaft
13 is connected to the other end side (the lower end side) of
the vertical shaft 11 through a lower bevel gear 12, which is
a second turning mechanism. The other end side of the propeller

shaft 13 is projected to the outside of the casing 10, and a
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i nput/output shaft 8 and di sposed on a single shaft so that the respective
driving forces of the main engine 5 and the notor generator 20 can be
transmtted fromboth end sides of the conmon input/output shaft 8,
respectively. Therefore, as conpared with the case of adding a notor to the
conventional type marine propul sion device in which a speed reducer is put
in the connecting state between the main engine and the propeller to form

Pﬁ?i'ﬂﬂr Siprelien o fectbntoh o FURGh e B aZICﬂUa%lrl%\th%ggéss%%B\%ﬁﬂF;B;s

F 20 3
To oer Sade L e ae EPatRE Bk Ak bEILRE AT G ONhlS TLo0T
mount thi s ggvidf?rou the S@'l&eé glqﬁcgpggﬁgglﬁ@% sapy go &QEEgRgfaffg' ne 5,

so the tife I'é Tor in mot or genera eparately at

a requir é&( il?&fl(':&gl tcﬂﬁ:tsa%p % ff‘@tgg \6?1@ &gsghgti@tg:hesurrounél EHQUQh the

out put of e mal N engine i s determ ne accor Ing~to requi red output in
operatlog%f fféfOf{entional propul sion system for the tugboat, the hybrid
propul si &E temli ke the present enbodi nent uses the notor generator 20

as a notor, whenshdne ;QUERBLNOInheth tzhearmégbﬁ@@ﬂ&a%@ndot hgnoBhor can
be utlllzed so that the smaller outpu of the main engine 5 wll suffice

as conpargse midh éh@o@ﬁ%ﬂ%ﬂl%ﬁéc@f@@lﬁ%}@w@ﬁ sysgemenfusthhegabeeatwben the
output of the nmain engine 5 is nmade smaller than the conventi onal

propul si o syst £M pdiet SaPosSybherbeoir-eddCgehbe a0 wlySi denal anmicgiviofg t he

i nput shaft 6 and the like to which the output of the main engine 5 is
appl i ed. d&htsynd he oraruf atiadrigetgsi s eauried éduegdal with tHe §lodris a
bl ock diagramtypically showi ng the general configuration of the marine
propul si a adevheet dpinat ferag ide ceboiie Aroouth. t Mtesmetotr7gedsrghown in
Fig. 2, the ship in the present enbodi nent includes two sets of marine
propul si g0 devicemdciad| didragtivetazichet bthikruster sifieamd &hdrive contro
system and these sets are arranged on the right and left in the stern of
t he shi p.immhet geniaplts ofafhedcohrpobhsypstcempBeindg 2denti oned later, the
right and | eft marine propul sion devices 1 can be controlled se arately by
ship handling deges P itdedhenPeeeeptdepPediment , thendrayinAetpF6pul si on
device 1 shown in Fig. 2 includes a generation engine 22 in addition to the
above maitiFaEHYIHEs H1 %%%7&%@%r h@&heﬁl?@naﬁgﬁgns%‘i‘rt?ﬁé’ bBREFAYI ng
engine 22 to generate electrical the electrical gomer sugplles

Che. ef ec e CHI b OWGroT QT Bk TOR Sh ThbBar HIF GHAC 9% GRACERESHOES: &
nboar d BUS VRl 2955 CUHIGE CEST o En 6 GNP o123 4 RFBURRTRC L P BrRer 26
RIS bR AR e e )
connecting state to thereby perform hybrid propulsion in which
while driving is performed by the main engine 5, the motor
generator 20 is used as a motor or a generator. In both
propulsion modes, the casing 10 including the propeller shaft
13 and the propeller 14 is revoived around the vertical shaft
11, thereby optionally setting the propelling direction of the
gship 2. Thig is similar to the conventional azimuth thruster.
According to the present embodiment, as described above,
in the marine propulsion device of an azimuth thruster type,

the main engine 5 is operatively connected to the one end side
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or the torque control of the two-way inverter 27. Further, as shown
in Fig. 2, a condensed di scharge nmechanism 30 is connected to the two-way
inverter 27, so that an alternating current fromthe generator 23 is
converted to a direct current to be stored, and also an alternating current
supplied fromthe notor generator 20 is converted to a direct current to be
stored when the notor generator 20 acts as the generator. Although the

condensed di scharge nmechani sm 30 i s capabl e of supplying el ectr ower
to the notti§ehBPEESPUSEUENSBRET (5 &%%pp&%%@aﬁﬁppglt#&gﬁ Fhéoag f%?p 23

ot or  § 1CHr e Iy SR RESF AT A 7z BOWeF P T HEE HETor GERBr at or
20 when feedi f th t t d t
Ci rounst aHee as%%&‘eve f?ﬁﬁ%ﬁ%ﬁ&éa fs?éf EHOR e bR e

tat d 3 ha
Thus, by TRt aﬂﬁ?@o SEERAT GUISET o h*;%‘%%&?‘ﬁ@%a%%f%n%#né BB et oy or
generato éﬁp éhégéggggz§og£ge a Egghugbng the o g@ge%%t&ﬂgaenglne 22 and

t he gener as a power supp e con ense i scharge nmechani sm

30, even dé‘ﬁow&’@ﬁ&@téﬁ’ Sg | &S&i@ﬂ;gf@'&e ohOa dgiﬁgieoéhg_@@ 8B phgpgi ne 5

or the gené?at|ng engi ne the operable engine is utilized to navigate

the ship g i-Lheut+3.hi @Pi@f'ﬁ& £ drdeLORLEIRL nEREr &td O sNakacahCagtati ng
Condition of Marine Propul sion Device 1 (Fig. 3 to Fig. 8) In the

narine prﬁ%ﬁd% deyi €8n lo@ceosdingcteat feohr esent cerbedig@ntas aseshown in

Fig. 3, i'n the respective
common input/output shaft 8, respectively. Therefore, as
compared with the case of adding a motor to the conventional
type marine propulsion device in which a speed reducer is put
in the connecting state between the main engine and the
propeller to form a hybrid, it is possible to_realize a hybrid
azimuth thruster, which is further simple and efficient in
structure and hardly causes power loss. Further, since the
motor generator 20 is integrally mounted on the flooxr 3 to form
a compact structure, in the fitting operation, it will suffice
to mount this device on the ship 2 and connect the game to the
main engine 5, so the time and trouble for installing the motor
generator 20 separately at a required place in the ship 2 can
be saved in fitting.

Althocugh the output of the main engine is determined
according to the required output in operation in the
conventional propulsion system for the tugboat, the hybrid
propulsion system like the present embodiment uses the motor
generator 20 as a motor, whereby the output of both the main

engine 5 and the motor can be utilized so that the smaller output
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operating conditions in ship running, in anchoring, in shore power
receiving and in case of energency, which are listed in |ongitudinal
colums, the respective itens such as the nunber of revolutions of the

i nput/output shaft 8, the operating condition of the main engine 5, the
state of the power transm ssion clutch 7, the operating condition of the
not or generator 20, the operating condition of the generating engine 22 and

the state pf th densed_disch hani_sm 30. which .are listed in th
ateral cof UMS, "ArE CORCPGI Ped 10 BE THE OBLI MAMFAGT HE Fospeot ive

! oo ¥ ! .
operat| ”%88}9%%%%%%%1 Hropuls %%stt%gha BYe HEIRGL! Vﬁ%ée’ﬂgrhaet blBpge. st

condi ti ons, peration-in ip running wll escri

Fig. 4 shoyschbe.sehathonship betyean Lhenurben of Hevoldiians of. 2

propel | er and the propefler output o mari ne propul si on celin

Shi p_runfyAgosheNani ByElgn 3:cAS ORI Fity adle (i RAIIUL A whi ch the

nunber of” revol utions” of the propeller 14 reaches a swtching predeterm ned

nunmber ofg{gyetstionsexeagdicngnibe ¢ ddhgnRuTbRE of fevd uhicongcphitt he
mai n engine 5, the notor propulsion (a notor propulsion region in Fig. 4)

only by t(ﬁ‘?_ﬂﬁg Rk igeaRE 8hors 3@ Qj’ab!@@d_@ls BB _Gd'hé &a@;@h&%‘&ﬁﬂﬂ@ﬂg‘ Moé‘ﬁ/! t ched
to the hybrid propulsion (a hybrid region in Fig. 4) by the main engine 5
and the nedm@rpbasségticesi.the notor generator 20. The sw tching nunmber of
revolutions of this switching may be optionally set according to the
conveni ence in xiepl gn.ist AebTodN el fncen ity pises Ofy asigtwimdhahel genanrd1so on.
First, as shown in Fig. 4 and Fig. 5, a notor propulsion region in which
t he nunberowfigevat ithans tdéfe mheipeopebbelsisnegeral céd andless nchahet he
swi t ching nunber of revolutions will be described. In this notor propul sion
regi on, vihdve hezpoweh themsnoession chsitsho#npin Fngthé, dibenghdedist at e,
the notor generator 20 is speed-controlled as a notor, and the

the present embodiment includes two sets of marine propulsion

devices 1 including the azimuth thruster 17 and a drive control

system, and these sets are arranged on the right and left in

the stern of the ship. The details of the control system being

mentioned later, the right and left marine propulsion devices

1 can be controlled separately by ship handling means provided

on every device.

The marine propulsion device 1 shown in Fig. 2 includes

a generation engine 22 in addition to the above main engine

5, wherein a generator 23 is driven by the generating engine

22 to generate electrical power, and the electrical power

supplies the electrical power required for an inboard load 24

and the motor propulsion. The electrical power for the motor

propulsion is guided from an inboard bus bar 25 connected to

the generator 23 through a transformer 26 to a two-way inverter

27, and the variable-speed control over the motor generator

20 as a motor is performed by the number of revolution control
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i nput/output shaft 8 is rotated by the notor generator 20 as a notor to
perform propul si on. When regeneration occurs in this notor propul sion

regi on, the condensed di scharge nmechani sm 30 stores el ectrical power
According to the conventional azinmuth thruster, as described above, the
slip control is conducted by the power transm ssion clutch in a region
where the nunber of revolutions of the propeller is equal to or |less than
the idling_n er of revolutions_of. the main engine 5 Inthis contro

met hod, h ﬁegg$,£?ﬁgu8r88 EF?? gﬁaFPEcgm%ﬁWﬁxa%wﬁ%ﬁ%ﬁfi%?ihe whol e regi on
equal to or les the_idl] ; of, reval uti . : t he
contrary, in th%uégﬁﬁﬁths§hg%éggr9§g9$gf %He%hgﬁﬁﬁgg%%gpﬂﬁﬁﬁﬁ$é%%nen1

accor di ngméeﬁggsﬂr%efg &hodinent o the %5‘—’@3\&/?%@&?%%@% byd beac

speed-contro notor (the notor generator 20)° e region equa
to or |esghthan.ther SuEtohipanpupher Gle rQUAMIONS s 8¢ thatLheprepel | er

shaft 13 can be rotated in the whole regiion fromthe static state to the

sWi t chi ng nunher: e rave! ubivdsda anablhe bigs hardlidigafi dheushieptby the
not or . In this case, the main engine 5 can be put in the idling

state, angnpelstappesn asmaveldcoVienctie drabn esgimevdrisasioppedrethe
runni ng cost and the greenhouse gas em ssion anpbunt can be reduced to

contri but eutpeect edse ¢toenyiwionimeiialndtoad. gdieratvhern d ketmiaz ehg ne 5
is put inthe idling state, loss due to the slip control in the power
transm ssgenechtbeh 7a1shaodh causetbrateridad Emsrlgyr gawiauhaafifectscas be

obt ai ned. The hybrid region in which the nunber of revol utions of

t he propetiapabls efjualpdbyorg morecthare heowew ttohithg metdeer gefierevolrut i ons
as shown in Fig. 4 and Fig. 6 will now be described. In this hybrid region,
with the Dower adarshissionle wurly guton mhshgcwmdctd 3§ stdtien biygh
efficient propulsion is perforned using the nain engine 5. In the hybrid
regi on, thee ARITeher Al 2Zcid d51¥1ipgt bhevieirn s tes v vl ar ge
output is required to assist the propulsion of the nmain engine 5 or acts
as a genet dt@FOHMheht ofRy %%ﬁ%ﬁ@ﬁ?EVeFVPQQEIFhéuﬁéﬁﬁtﬁécr@ﬁwﬁﬁe&ctGhﬁerform

power generation. , .
motor generator 20 when feeding from the generator 23 1is not

expected due to scme circumstance. Further, in the anchored
state and in the shore power receiving state, the condensed
discharge mechanism 30 is charged.

Thus, by the hybrid configuration having the main engine
5 and the motor generator 20 as a driving source and including
the generating engine 22 and the generator 23 as a power supply
and the condensed discharge mechanism 30, even if the operation
is impossible due to defect of the main engine 5 or the
generating engine 22, the operable engine is utilized to
navigate the ship 2 without a hindrance.
(2) Control Operation in Each Operating Condition of Marine
Propulsion Device 1 {(Fig. 3 to Fig. 8)

In the marine propulsion device 1 according to the

present embodiment, as shown in Fig. 3, in the respective
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The control in the hybrid region will be described further concretely. As
illustrated in Fig. 7, the main engine for the general ship has nmarine cube
characteristic in which the output of the main engine is proportional to

t he cube of the number of revolutions. As conpared with the output of the
mai n engi ne Shaving such marine cube characteristic, as shown in Fig. 8,
when the [oad is higher |ike the output characteristic case in tow ng work,

th t t trolled t t _t.h t S.
When' the BHXBHELOF THE Jn%‘)onn%ng. i b S e R ”E%“Snﬁg er ot
revol ut 4 d
for the °”%@%—Saé%‘%e%%‘ R AL i S8 e R B t‘“%n%f%’%q%i S over
than the f@ﬁ%{l&&yl@gl SALACL ersl e mkb%%1%619%9%&1@%[@%@ﬁﬁrﬁb@rcase in

i ndependent Thavi gation, in the case ere the charging depth of the

condensed, fi SCHA{ €1 BEENEPI %H@BQnghk?%tgh%r ghRgr tahe Jmt ofpgenanaf or 20 is
used as the generator to charge the condénsed di scharge nechanlsn130

Thus, m%ﬂ@fti@ﬁdofOtEQemQEhPeﬁgﬁlhBGS5 ksehighele aF ivhd hewaacel erating
state, the notor generator 20 is driven as a notor to perform assisting,

and when ¢hendpadst ont BBLABLNT eNgh8ecBetsth AYRECAG] EAchhefCEHEShOgost at e
and in the decelerating state, the condensed di scharge nechani sm 30 may be

charged t@eriecoysr BUr pheoEpheityng conditiddest, tias gelmeamntiimgreggile in the
anchored state, the main engine 5 and the notor generator 20 are stopped,
and t he pmvemnd thesitiast ofl chellcemdEnseddl sthatbe ik slesugaged st aheéchThe
generation engi nes 22, although depending on the required el ectrical power,
gener al | ypopveistéd imboke dl4badaR4cbiuoper atiagecantieddedone henthati ng
engi ne and al so charge the condensed di scharge nechani sm 30.

optimum for the respective operating conditions.

Among the above respective operating conditions, the
control operation in ship running will be described first.
Fig. 4 showg the relationship between the number of

revolutions of a propeller and the propeller output of the

marine propulsion device 1 in ship running shown in Fig. 3.

As shown in Fig. 4, at the point at which the number of

revolutions of the propeller 14 reaches a switching

predetermined number of revolutions exceeding the idling

number of revolutions of the main engine 5, the motor propulsion

(a motor propulsion region in Fig. 4) only by the motor

generator 20 driven as a motor is automatically switched to

the hybrid propulsion (a hybrid region in Fig. 4) by the main

engine 5 and the motor assist of the motor generator 20. The

switching number of revolutions of this switching may be

optionally set according to the convenience in design, the

convenience in use of a ship handler and so on.

First, as shown in Fig. 4 and Fig. 5, a motor propulsion
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As shown in Fig. 3, in the shore power receiving state, in the shore power
receiving state, simlarly to the above anchored state, the nain engine 5
and the notor generator 20 are stopped, and the power transm ssion clutch 7
is put in the disengaged state. Further, the generation engines 22 is also
stopped, and the shore power receiving 31 is connected to the inboard bus
bar 25 to cover the inboard | oad 24 and charge the condensed di scharge

nechani sm 30, I n case of energenc%, as shqwn .in F%&. ﬁ, t he nﬁLn eQ%ine 5
i s oper ate®f1he pHRe Dt FRASHRRE P MAVGH Y5 H G FAStRECRSnnEEtT g
state, the nunber of revolutiﬁgs of .the,input/output_shatt 8 is s equal

to or morEMHarG RE 15T A ARurherS bt FRRT B SChESHOL8F T§BRef ator 20 is

t d, I f, th ti ' 22 ] ; h
condonsed FEERAGE TroohBn G 351 ROLPOSRACE (S5 Chat hur &t B 6T Eont r o
Syst Fig. 9. . T | . 1 ' ' [ 1
ateor ol ng Pk B S b oniient ) BB BuReh AEFE G%e R Ee TR F o o,

the marinepropulsion devioe.dacgerdi nagt st henBeesentoerbod ment | noludes

a steeri ing a ship and a controller 40 as the control

uni t for iﬁgﬁ%}@éﬁ@\% Lsg%{%% 8 he abave JDHQF tREORUES0geAREatRE hybidd

propul si o ore wwth reference to Fig:r 2, in the present

enbodi ment ., 4ier MY | N8 1-9PUb 5,9 §88h CeSirerd Ned il 18 € hen ag syt d LR ust er
17 and the drive control systemare provided on the right and left of the

stern of e shbto2, prespesioNelygiand the sbaaehBeAM@Eelch3rqgand the
controller 40 are al'so provided on the right and | eft marine propul sion

devi ces haasdhimmerebyréhesrespectivelrpghtrand left sets of marine
propul sion devices 1 can be controlled i ndependently of each other by

separ at e st eerimygomiels 35.the convdst stwosh anikigh Qhrubkeecontsol | ers 40
for controlling the nmain engines 5 and the two-way inverters 27 al ways
acqui re aesteethed atheed, comrentisi gomat rdét ohs t hendteeefingywheel so88rand t he
| oad i nformation and the revolution nunber information about the nmain
engi nes B.rafhen st =brn ng uiiedel n comegndnsilgrd the number of revolutions
of the propeller is equal to or less than the idling number
of revolutions of the main engine 5. In this control method,
however, the propeller shaft cannot be rotated in the whole
region equal to or less than the idling number of revolutions.
On the contrary, in the azimuth thruster 17 for the hybrid
propulsion system according to the present embodiment, the
drive is performed by the speed-controlled motor (the motox
generator 20} in the whole region equal to or less than the
switching number of revoluticns, so that the propeller shaft
13 can be rotated in the whole regicn from the static state
to the switching number of revolutions to enable fine handling
of the ship by the motor.
In this case, the main engine 5 can be put in the idling

state, and be stopped as well. When themainengine 5 is stopped,

the running cost and the greenhouse gas emission amount can
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i s output corresponding to the nunber of revolutions of the propeller 14 to
be designated by a ship handler's operation of the steering wheel 35 to
designate the nunber of revolutions of the propeller 14. As the revol ution
nunber information about the main engine 5, the governor revol ution nunber
information froma governor 36 provided on the main engine 5 can be used.
As the load information about the main engine 5, the governor rack position
i nformati,on fr(gmtckile overnor. 36 provided on the main en\gir\r}:g g ?r ctihe | oad
torque i nforMRTTBR ot put by R d naRoRet o737 pFovi Geh Bethedn tR2%min
engine 5 and t 0 ransm ssio I [ C be : he d
i mgormati%ﬁ, b‘@??/\%e%ﬁ% H[Eaala oe\rﬁegsﬁsdv\%ﬁicinsgts&%f zlnn?grengg:igﬁg %@aF%és%ggge ki nd
of infor j i fi i1, i.f. fﬁﬁgﬂ-i : | ead of

t he mai nn%’trll%i()&;lljewgl,é as'%;fpotbﬁgrt}?%f %%ln%??g}ndﬁrr%y&su I clegl&b%éfﬂlg 7cg%t roller
40 perf oris. OpsfiabhoBobagsed onethe sheehing fihicel LomMmNdRiHhalg and the

| oad i nformation about the main engine 5~ and according to the arithnetic
resul t, variousrikd ni$0fq ceptitel isi gRaEE desehidad- igr theofokliewsngrare
output to the respective parts of the marine propul sion device 1.

The controhd esrdf=dUtpuls aguBde:sWoichbhg shgnatnéokwsething hhgneentrol
node for the notor generator 20 in a revolution nunber control node or in a
tor que cafit kel oTode onangs ahowived ek .coardneh ) gnal 1 T apwdid 8&Bgribednot or
generator 20 in the selected control node to the two-way inverter 27. The
control | ern 4thDaitiyibsid igich, cohthothsi goakrf oraprihi sBgont beupewner
transm ssion clutch 7 in the connecting state (ON) or in the di sengaged
state (OpR)ttintthiee pomencttangnessien tlighcle fEiderttherrotiles iconti=ol | er 40
out puts a governor speed conmand signal for giving a command for the nunber
of revol weonhsrod¢d tdwimnithengineesigtoet he gbverhmhy34 icf rebéomai hhengi ne
5. In the notor propul sion region, the controller 40 outputs a
control rdeCsigpTErItorr (APe aspEedscamaodr tviarthe cRBPAARtivednt éprg®, and a
clutch control signal for putting the clutch in the off state to the power
transm sSPWHPET dtscHeUUirREr BR\RSHATT Ade BEocPLhEERT Al tiHe diegengageéncst at e.
In this state, corresponding to a change of the steering wheel comand

si gnal caus&F BYLEMRS GpeRRELEH O6f VAR Stbe G aliidelvesy sBR LilnGBEPBF

comand sjsgnal for designati ng an increase in nunber of
i8 required toperform power generation.

The control in the hybrid region will be described
further concretely. As illiustrated in Fig. 7, the main engine
for the general ship has marine cube characteristic in which
the output of the main engine is proporticnal to the cube of
the number of revoluticns. As compared with the ocutput of the
main engine 5 having such marine cube characteristic, as shown
in ¥Fig. 8, when the load is higher like the output
characteristic case in towing work, the motor is
torque-controlled to assist the output of the main engine 5.
When the output of the main engine 5 is assisted, although the
number of revolutions as the propeller 14 does not change, the
torgque ig increased for the above assist. Further, as shown

in Fig. 8, when the load is lower than the marine cube
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revolutions is output to the two-way inverter 27, and a governor speed
command signal is output as still zero to the governor 36 of the main
engi ne 5, thereby perform ng the notor propul sion control in which the nain
engine 5 is stopped and the notor generator 20 is separately operated as a
not or . In the notor propul sion region, when the steering wheel 35
is operated for the speed control, the nunber of revolutions of the
propel l er shaft 13 changes. in proportion %p t he actuyating amount. Wen the
nunber of ChaVRF e oRs-6f 1tK8 EgSp Prert1% 86??5?6&&%Fﬁb S Hé' steering

wheel command signal fromthe steeri wheel 35 reaches.a_switchin
predetethﬁgﬂp%% e %ﬁv+%%5+ﬂ?ioﬁ%tgﬁ%gﬁﬂﬁﬁwW ergbgé' ggﬁﬁgﬁ%gsgéﬁaP to

reach t he?ljé\r,%r{%‘ﬁ(‘:hl n. e?rlfl%n% rdr%gs:cc}{agr\r%e! lf'r;[elc%x%%allnsgn %th Bliﬁo(arrsogh%gﬁéﬁ?jm EHE' er 40

to the go n i ne after confrr hat the nmain

[ h h.th d [ | f
Ut i ng_ TRCR) HEE A-Phe2on 6t BEB0) ot puP T8 Th pouer Fravem i on

puttingt e C e on state 1S ou e power ftr SmM SSI on

clutch 7 46,9 theagLubahoknnbhRafoanesting state, and a control rode
e (0]

signal for orque control Is output to the two-way inverter 27 to

switch the contfglsregion ££0mihe OtORe PROPH! 8hginEegi 08 hoghbe hybrid
regi on. I'n the hybrid region, when the ship handl er opéerates the

steering wheehe 35-£011hei 898z €ONt £BE, mBrStegehAgavheeb ocorMaRd vEhgnal
proportional to the actuating anount is input to the controller 40, and the

control | efs 40meuRUES Be HPYEH N s SPEBTy CAMAthesi gRal 16adgivehz maamand for
an increase in nunber of revolutions to the governor 36 of the main engine

5 correspangling $oikheosteeaksngnwhdel ceamEndy sitgnal .anthusy e nunber of
revol utions of the main engine 5 is changed in proportion to the actuating
amount frierd herst eeyi sganbeel hardrodddmerd@hii sodrrgd nteudhamuindyers coftay

revol utions of the propeller 14. The controller 40 outputs an

i nvert er monmndssdgnal réeopvart engpé vsommaErgconput ed by the controller 40
to the two-way inverter 27, and causes the notor generator 20 to assist or
gener ate power atcurdiag slowhein ofime Tontmntheapuehored stathus thehe
controller 40 conducts the integrated control over the main engine 5 and
the two-wegin mrgine RANCotHEOOPRPY TAWSEAERE 2P 5T t5tePHTbmaA ke the

propul sion by the notor in the notor propul sion region to the propul sion
mai nly péyyggmggr%gsm1581on clutch 7 1s put in the disengaged state.

The generation engines 22, although depending on the reguired
electrical power, generally cover the inboard load 24 by
operating at least one generating engine and alsoc charge the
condensed digcharge mechanism 30.

As shown in Fig. 3, in the shore power receiving state,
in the shore power receiving state, similarly to the above
anchored state, the main engine 5 and the motor generator 20
are stopped, and the power transmission clutch 7 is put in the
disengaged state. Further, the generation engines 22 is also
stopped, and the shore power receiving 31 is connected to the
inboard bus bar 25 to cover the inboard load 24 and charge the
condensed discharge mechanism 30.

In case of emergency, as shown in Fig. 3, the main engine
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the main engine 5 in the hybrid propul sion. Further, the main engine 5 can
be operated in the efficient region of conparatively high engine speed to

reduce fuel consunption. The operational swtching between the notor
assi st of the notor generator 20 and the power generation in the above
hybrid region is perforned as follows. In the marine cube

characteristic of the nain engine 5 shown in Fig. 7, when the load is | ower

t han t he garl n(?%é:%ge act erdfeslxl C 01{8 Ohse?ﬂajl ncﬁp@é}?e? E}LS‘ g&% %gln{:ﬁgl l er 40

conput es e ou pu mai n- engi ne on’t he

mnus (- hs&ﬁ&dﬂ aofree tw@%@su \feﬁret\%hp&rg@efse@ pu} bﬁ*& h% a
G R ShoufPRN RS

m nus torque conma 1S output to the two-way | nverter

gener at or ;20 ecgségsse&h% enenat o' mciQ that, the cof :ﬂlgﬁ%r%éﬁr@fge

mechani sm 30 can be charged with the generated el ectr When t he

l'oad is highgi,thanst h%hga&begrcljgﬁeQQ%b%Ctz%r st b‘ﬁo?beﬁheo@ﬁynoﬁﬁgb@es the
control ler 40 conputes “the |oad output - the outpuf of the main engi ne" to

be on therpkugehz)aside. Fhenekore, iwhepcanddwerdtl umendisignal is
output to the two-way inverter 27, the notor generator 20 acts as "the

notor", s@itbhBhr aemb@hgugsasgmshst@c&hemﬁﬁppulS|on out put of the main
engine 5 is enabl ed. The output characteristic of the main engine 5

i s known ip) adgapeéeuraeibthabiwrenttded chartaet e(disii )i s mapped into the
controller 40, ship running according to the used load is enabl ed by
perform ng the abheveoronpar sgonenpenatihenmanitlee poantrlelileer dbrigecdr di ng to
the present | oad output.
according to the present embodiment is shown in Fig. 9. As
shown in Fig. 9, the marine propulsion device 1 according to
the present embodiment includes a steering wheel 35 for
handling a ship and a controller 40 as the control unit for
suitably switching the above motor propulsion and the hybrid
propulsion. As described before with reference to Fig. 2, in
the present embodiment, the marine propulsion devices 1
including the azimuth thruster 17 and the drive control system
are provided on the right and left of the stern of the ship
2, respectively, and the steering wheel 35 and the controller
40 are also provided on the right and left marine propulsion
devices 1 each, whereby the respective right and left sets of
marine propulsion devices 1 can be controlled independently
of each other by separate steering wheels 35.
As shown in Fig. 9, the controllers 40 for controlling
the main engines 5 and the two-way inverters 27 always acguire
a steering wheel command signal from the steering wheels 35

and the load information and the revolution number information

about the main engines 5. The steering wheel command signal
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(4) Supply of Power (Fig. 2, Fig. 9 and so on) Referring to Fig. 2,
Fig. 9 and so on, as clear fromthe above description, the marine
propul sion device 1 according to the present enbodinent is configured so
that the power for driving the notor generator 20 can be supplied from both
of the generation engine 22 and the condensed di scharge nechani sm 30. The
condensed di scharge nechanism 30 is utilized to make the capacity of the
generation engine 22 smaller_than the total_ of the respective qﬁﬁinum

Fhe Fower

pover s oft &t RS CHFERATM BTGP (1 iBEETd G odf 24 st

required for the tor. pro si.on i.s jnsuffici.ent in,-the high-load state,
power i spﬁ?}?ﬁ]iq@df f 4or1f1cfll?§p c}@ﬁﬂsaetc?ddibé/c F?arsglel FreisHI S m ceorr?gcelccf%d to
the two-way, inverter. 27..a in.th t ; ence of
Fegener ati ot SontLibE e tHne R S i e b o AR °2e

compar ed i th I s GOplat & £1 eal 16 PLOBI Sl P UALRI ; SIBL S Afa £RPACT LT €S

of the notor a WO-wWay i nverter may suffice and the 1 nstallation

area can _be, redyced,, p Lipind he, hybri dosystem aceaidingnt aukbePresent

enbodinent canqgé put into practical use without requiring alterations in
ship for %f@nagl%’rg%/rgw?%hgbg*l%r%&t kel pfglvgde%) on the m&$nSd¥oynéns Fig. 9,
ro

in the charge/di scharge con over theée notor generator 20 of the marine

propul si earde ¢k acgar dihagd 16adt e erasenloreedit®ite ddien candirad [ er 40
al ways requires the charging depth information fromthe condensed di scharge

mechani sm, 3@ HicO glherely Wy I tal el ghige deptihofigdercandensed
di scharge nechani sm 30, and controls the notor generator 20 not to be used

as the gemepaboidwherh teaching engaid ai or altsy gioag deptihe arn fimmea t fon be
concrete, the controller 40 outputs a charge/di scharge control signal to

gi ve an iongigictdyonm Hemastcappiary 0f pohariglaty det wéden conelensid ehigiohar ge
mechani sm 30, and controls the notor generator 20 controlled in the torque
control modedtthougverheramemiggion clutch 7 can be used. As the load

information, between the above two kinds of information, at
least one kind of information will suffice for it, and if
information shows the load of the main engine 5, any other
information may suffice.

The controller 40 performs operation based on the
steering wheel command signal and the load information about
the main engine 5, and according to the arithmetic result,
various kinds of control signals described in the following
are output to the respective parts of the marine propulsion
device 1.

The controller 40 outputs a mode switching signal for
setting the control mode for the motor generater 20 in a
revolution number control mode or in a torque control mode,
and an inverter command signal for driving the motor generator
20 in the selected control mode to the two-way inverter 27.

The controller 40 outputs a clutch control signal for putting
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inverter 27 so that the torque becomes zero. Thus, power generation by the
not or generator 20 is stopped, and the chargi ng operation of the condensed
di scharge nechanism 30 is al so stopped, so that damage or the |like of the
condensed di scharge mechani sm 30 due to overcharge can be surely avoi ded.
As clear fromthe above description about the first enbodi nent, according
to the present enbodinent, the simlar effects to the effect of the
inventions as clained in clains

bed t | t of
e onErgrs ek E et AR S BLER b ReRs T rcé’l et 2 e M ot ve

cont! 0y Lo, 86601 0L0ALE IS LESPERLLNE VAN B0 reﬂ%%&% Fggo e

| ncluding 3, gmei ne propyl sl og,deylge. 11510 ) N @ ééén%@%g Jrent_and

further cgrrylng a fire punp escription-of present nbodi ment ,

concer ni ngof e 8ae 0L 'f%gbgg.\;ﬁncfsa thase. .of dhe él&ésﬁwfrﬁﬂé’a@dbﬁﬁm the

descrlptlon 'R the first & I's quoted to suitably elimnate the

descri pti pa, Ry 'ﬂ%ﬂ% 5@%@9{315%& eHEes %logeae 056y i3% bher gl awiirgs of

the first enbodi nent shown in Fig. 10, in the marine propul sion device
1 nDuntegnggnEhg_shlp 2 according to the present enbodi ment, the main
engine 5 is"connected to one end side of the horizontal input/output shaft

8 of the azi nut bintdidisbesr i (AN Szl 1 bR, Ush € oh@h oa 1kybi b duipad si on

systen) through the power transmission clutch 7, and the notor generator 20

i's conneckedoh@rbhemetiRersiemd 1Sifda- afhd r@ééwwdrm&cpyttéhﬂhé BwoThey
inverter 27, and a clutch control signal for putting the clutch
in the off state tc the power transmission clutch 7, thereby
putting the clutch in the disengaged state. In this state,
corresponding to a change of the steering wheel command signal
caused by the coperation of the steering wheel 35, an inverter
command signal for designating an increase in number of
revolutions is output to the two-way inverter 27, and a governor
speed command signal is output as still zero to the governor
36 of the main engine 5, thereby performing the motor propulsion
control in which the main engine 5 is stopped and the motor
generator 20 1s separately operated as a motor.

In the motor propulsion region, when the steering wheel

35 is operated for the speed control, the number of revolutions
of the propeller shaft 13 changes in proportion to the actuating
amount. When the number of revolutions of the propeliler 14
corresponding to the steering wheel command signal from the
steering wheel 35 reaches a switching predetermined number of
revolutions, a governor speed command signal to reach the

switching number of revolutions is output from the controller
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propeller 14 is a fixed pitch propeller, which is sinple in structure and

i nexpensive. A rear end side of a driving shaft of the nain engine 5 is
connected to the power transm ssion clutch 7 to utilize the driving force
of the main engine 5 for propelling the ship 2, and the front end side
thereof is connected to a fire punp 50 through a step-up gear 39 to utilize
the driving force of the main engine 5 for spraying of water.

Therefore, in the case of sprayj wat er using_the fi u Q_.in the ship
2. as ShACPEIT §OVE™RR o0, C1T ™ Ho SPOugr T ARSnPESFom A Th ™ i's put
in the dise ed st.ate, and propul sign i erfor n Y, not or
generatoﬁt%f’(r%:g e%gﬁiggeggﬁgﬁog,agé ? at™t 8Pnﬁ?%cgﬁgF%eé%m%ﬁ§é %dU§%d only

for Opef%tq%%%ﬁ he, {18 RUMR 80+, puttiggeﬁt@%ﬁm[%ﬁr Yn LRetde ship.

i ncl udi ng e conventional” azi mut h“thrus utch separate type azimuth

thruster)isag)ugg;%tn%iﬂf% Rl 8L0RAeW0R A5, ABANY 1L BlG. cAg el

necessary t unt a -function clutch ca a fulf-slip clutch 60

between the dpar- Sk Si dey e 44l i ¥h89aSBBhE 8L AcHBI @,igﬂgiln@oir and the
azi mut h ﬁhruster. In using a fire punp 50, the nunber of revolutions of the

mai N engicng Rid $o3fird10i NSy ABYE MU tuiThielo Qfay evelutians7and spnséant, the
fire punp 50 is rotated through the step-up gear 39 fitted to the front

end si de t9fe tduntdrdvingy shaftrof the mBtorepgbpaibiocandebabnprepuhs on, the
i nput of the maxi mum nunber of revolutions 1s slip-controlled.by the
full-slipy@ttch-&diat, the rear end side of the driving shaft of the main
engine 5 to be lowered to the required nunber of revolutions, and a fixed
pitch propel |l ern shdriywend Iredikirs, walkat edeaiip $iancd etrheppaxkrsnthenber of
revolutions is slip-controlled, not slip-controlling the idling revolution
to real i zedcovirspedtalotad | oy Gmengpeédé tohtrsli packteehesnos6@hasii ch are
hi gh-function clutches, especially the |larger capacity one is needed, so
t he mari menmaoplisigrldeviope rdammetl el pheostiingthinghamount i1s 1nput

to the controller 40, and the controller 40 ocutputs a governor

speed command signal to give a command for an increase in number

of revolutions to the governor 36 of the main engine 5

corresponding to the steering wheel command signal. Thus, the

number of revolutions of the main engine 5 is changed in

proportion to the actuating amount from the steering wheel 35

to thereby control the number of revolutions of the propeller

14,

The controller 40 outputs an inverter command signal for

a torgue command computed by the controller 40 to the two-way

inverter 27, and causes the motor generator 20 to assist or

generate power according to the torgue command value.

Thus, the controller 40 conducts the integrated control
over the main engine 5 and the two-way inverter 27 to smoothly

cause the transition from the propulsion by the motor in the

motor propulsion region to the propulsion mainly performed by
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Further, according to the conventional system in the fire fighting node
using the fire punp 50, as described above, the full slip clutch 60 is
slipped at high speed, resulting in the problem of great heat | oss.
However, according to the present enbodi nent, such a problemis not caused,
and energy loss is small to save energy. Further, as shown in Fig.
13, in a ship including the conventional azinmuth thruster (the

clutch-contai ned azinuth thruster). as.a narine. pro i devi dri
only by tHES e €N HE S i ?ﬁ&&g’m@ipﬁ%ﬂ%%l@%pg sl%sr'vten?rrr:eféh%i?i%_l@ ut ch
Wi ut _a notor_generator en_a ri € .pitc .Qpe r
E;orLgeg;T%%}%%: o?ag ??xgaeﬁﬁgéﬁ 6?05&%{8%21?ﬁ%n%i?5%g8ﬁ% 0 is.oLZratgd
e . 0 S o) ' D, C

conprolléﬂ§E§ gl%%%?ngS%?g%%gggagggﬁ?eggi?%ﬁ?g%ogg?}eroégsm b%ﬁ%é?? tﬁe
variable pitchypr gcgééa@éic%i Ssﬁ@&@ﬁﬁ%%eeagehnthgiao%r_»ugggﬁgt bhe
mari ne propul sion i'ce Tnevitably becones expensive. On the

contrary, i heg, J@rl ne propubsian Leyicee %o%(io@%%&attQC;rpganﬁéeQBove
enbodi ment is so constructed that propulsion i's performed only by the notor

gener at orp, 20 (i i ¥89i 88 8sNBLPEorARd LRerEANRWANGi ne 5 may be used only for
operating the fire punp 50, and the expensive full slip clutch 60 and

variabl e pitch pnfopel hifriGlk aidanehaneeded:i 50 d it tkemearubagtinel By cost
can be reduced as conpared with the conventional marine propul sion device

as shown éwowh Gin 2i@nd; Fivhenl3he3. 1ol ¢ Eaed menh tRegmaldhe cube Fig.
14 is a control system diagram of a marine propul sion device 1' according
to a thirshenrbetk neat icwt cheimgpimeaginkes f ithst cenbodl hent4 Ghompuiaski g. 9,
and provides a system adapted to i nput the revolution nunber information of
t he notor*the load output - the output of the main engine” to be on the

minus (-) side. Therefore, when an inverter command signal,

which is a minus torque command, 1s output to the two-way

inverter 27, the motor generator 20 acts as “the generator”,

go that the condensed discharge mechanism 30 can be charged

with the generated electricity.

When the load is higher than the marine cube

characteristic of the main engine 5, the controller 40 computes

“the load cutput - the output of the main engine” to be on the

plus (+) side. Therefore, when an inverter command signal is

output to the two-way inverter 27, the motox generator 20 acts

as “the motor”, so that the torgue assist to the propulsion

output of the main engine 5 is enabled.

The output characteristic of the main engine 5 is known
in advance, so that when the characteristic is mapped into the
controller 40, ship running according to the used load is

enabled by performing the above comparison operation in the

controller 40 according to the present load ocutput.
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generator 20 fromthe two-way inverter 27 to a controller 40'. The
substantially sane conponents as those of the first enbodi nent are
designated by the same reference signs as those of Fig. 9 in Fig. 14 to
elimnate the description. In the present enbodi nent, the controller
40', which controls the main engine 5 and the two-way inverter 27, always
acquires information of the nunber of revolutions of the main engine 5 and

t he nunber of_ revol utions of e nmofor_generator, 20. In switching froma
not or pro%ﬂlé?%ﬁ?%%d?% 64 L€b§id£re5?%n étaﬁdsﬁftgﬁﬁng pr edet er m ned
nunber of revolutd ons, t@% gontrgjgfr ogtgﬁhssg cIua%pcggg%rg%%%igwggffor

t
putting a cl ut Wi theE on State” aft'er’ con |rn1ﬁanthat bot ers

revol uti %ﬁo&e‘“d&%&%ﬁ%ﬂ%,@ﬁé t@é%iﬂi%“ﬁ%gﬁﬁ&iéﬁ%@e@i Qofbﬁt%&ﬁﬁ?dfﬁgt ch in

t he conn I ng state, u node si gna e toqu

control to the %\9@-8%5 E%S&%fgéﬂgﬁégcwié:@réc@esc?cmltartmth ghaafEom the

Le
not or propul sion region to t ybrid region. Thus, even when a steering

wheel comang & gal i aystesidhg shesls 35 timps VaLh esroh hss€Qnbt ol | er
al ways nmonitors the nunber ©of revolutions of the main engine 5 and the

nunber of:yeyahdt-beRASNn0in g hge MOt ghadeNe @RlenZdd éﬂgcﬁﬁkﬁetrﬁ@cﬁiﬂigﬁ in the
connecting state after confirmng the coi nci dence of both nunbers of

revol uti ons, wher ebdasnkbahi DgcBArBan€Omin OkmIgiignuean ibed eal maed
wi t hout any shock. 4. Fourth Enbodi nent (Fig. 15) Fig. 15 is a

control syst espdi-agrant eheag8Reiraeiphopy shondemaleelt "clancahei Higcdd a
fourth enbodi ment, in which as conpared with the systemof the third
enbodi nertf shewmreispekitdveldaxiimuor gewetre acquheemdherrevopul & donnamder
information of the main engine 5 and the notor generator 20, revolution
nunber pitdaupsikcaaevalagt i2én ndibee phekppw#E® oequheemafnrengenecand a
propulsion is insufficient in the high-load state, power is
supplied from the condensed discharge mechanism 30 connected
to the two-way inverter 27, and in the low-load state and at
the occurrence of regeneration, the condensed discharge
mechanism 30 is charged. Thus, as compared with the complete
electric propulsion system, smaller capacities of the motor
and the two-way inverter 27 may suffice and the installation
area can be reduced, so that the hybrid system according to
the present embodiment can be put into practical use without
requiring alterations in ship form.
(5) Charge/Discharge Control (Fig. 9)
As gshown in Fig. 9, in the charge/discharge control over
the motor generator 20 of the marine propulsion device 1
according to the present embodiment, the controller 40 always
requires the charging depth information from the condensed

digcharge mechanism 30 to thereby always monitor the charging

depth of the condensed discharge mechanism 30, and controls
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revol uti on nunber pickup 80 of the notor generator) are installed on the
rotating shafts, respectively, and the controller 40" is capable of
acquiring the informati on of the nunber of revolutions of the main engine
and the nunber of revolutions of the notor generator 20 fromthe respective
revol uti on nunber pickups 70, 80. The substantially sanme conponents as
those of the third enbodi nent are designated by the sane reference signs as

th f Fig. 14 in Fig. 15t limpate th LpLion,

A ?ﬁﬁugh ThE PEUSF UFPBRTAORBer | RPbr hat Pon gPec Re. RAF nSBREFASOE ME%kequi red
romthe governor 36 L h L uti i_nf i

generator93%0|%n%c%qugga Pgﬁﬁgﬁgl#agg%ggﬁr%%;PFqu;ggéhBEig&n%ggtggzgiding

to the present embodi DEnt s LHELESPECLAYESL 2YOLULL PR NUEREL BT ckyRS170, 80
o ?or 2 I

of the mal'n engine and the tor genera O are”installed to"thereby

make dual e L e JeeyQlyldeQn ATk o L AP £AAGHIG 1,1 BUHS conehBal even

when one of "the sensors is broken, the control region can be sw tched
‘év'.thout agprohhegr hRefighenmes & 9nsglbshl rd1sManknacPhePyLakoRtdevhoe 2. _

hi
P controlled in the torgue control mode through the two-way
inverter 27 so that the torgue becomes zerc. Thus, power
generation by the motor generator 20 is stopped, and the
charging operation of the condensed discharge mechanism 30 is
also stopped, so that damage or the like of the condensed
discharge mechanism 3¢ due to overcharge can be surely avoided.

As clear from the above description about thé first
embodiment, according to the present embodiment, the similar
effects to the effect of the inventions as claimed in claims
1 to 6 described in the column “Effect of the Invention” can
be obtained in the forms corresponding to the respective
configurations according to the respective inventions.

2. Second Embodiment (Fig. 10 and Fig. 11)

A second embodiment relates to a ship 2 including a marine
propulsion device 1 similar to the first embodiment and further
carrying a fire pump. In the description of the present
embodiment, concerning the same or like parts as those of the
first embodiment, the description in the first embodiment is
guoted to suitably eliminate the description by using the same
reference signs as those in the drawings of the first
embodiment.

As shown in Fig. 10, in the marine propulsion device 1
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3. _ Floor as base part 5._ Main engine 6._ Input shaft Power transm ssion
clutch 50 _. Main key |nput/output shaft 9 . Upper bevel gear as first
turning nmechanism 11... Vertical shaft

mounted on the ship 2 according to the present embodiment, the
main engine 5 is connected to one end side of the horizontal
input/output shaft 8 of the azimuth thruster 17 (an azimuth
thruster for a hybrid propulsion system) through the power
transmission clutch 7, and the motor generatoxr 20 is connected
to the other end side of the input/output shaft 8. The
propeller 14 is a fixed pitch propeller, which is simple in
structure and inexpensive. A rear end side of a driving shaft
of the main engine 5 ig connected to the power transmission
clutch 7 to utilize the driving force of the main engine 5 for
propelling the ship 2, and the front end side thereof is
connected to a fire pump 50 through a step-up gear 39 toutilize
the driving force of the main engine 5 for spraying of water.

Therefore, in the case of spraying water using the fire
pump 5C in the ship 2, as shown in Fig. 10 and Fig. 11, the
power transmission clutch 7 is put in the disengaged state,
and propulsion is performed only by the motor generator 20
driven as a motor, so that the main engine 5 may be used only
for operating the fire pump 50.

On the contrary, in the ship including the conventional
azimuth thruster (clutch separate type azimuth thruster) as
the marine propulsion device as shown in Fig. 12, it is
necessary to mount a high-function clutch called a full-slip
clutch 60 between the rear end side of a driving shaft of a
main engine 5 and the azimuth thruster. In using a fire pump
50, the number of revolutions of the main engine 5 is set to

the maximum number of revolutions and constant, the fire pump
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12. _ Lower bevel gear as second turning mechanism 13_. Propeller shaft 14.
Propel ler 17_. Azinuth thruster 20_. Mtor generator 22_. Generation engi ne
23.  Generator 27_. Two-way inverter 30 ... Condensed di scharge nechani sm

50 is rotated through the step-up gear 39 fitted to the front
end side of the driving shaft of the wain engine 5, and for
propulsion, the input of the maximum number of revolutions 1s
slip-controlled by the full-slip clutch 60 at the rear end side
of the driving shaft of the main engine 5 to be lowered to the
required number of revolutions, and a fixed pitch propeller
ig driven. 1In this related art, since the maximum number of
revolutions is slip-controlled, not slip-controlling the
idling revolution to realize low-speed rotation, among the
full-slip clutches 60, which are high-function clutches,
especially the larger capacity one is needed, so the marine
propulsion device cannot help costing high.

Further, according to the conventional system, in the
fire fighting mode using the fire pump 50, as described above,
the full slip clutch 60 is slipped at high speed, resulting
in the problem of great heat loss. However, according to the
present embodiment, such a problem is not caused, and energy
losg is small to save energy.

Further, ag shown in Fig. 13, in a ship including the
conventional azimuth thruster (the clutch-contained azimuth
thruster) as a marine propulsion device, driven only by the
main engine 5 without providing an expensive full slip clutch
and without a motor generator, when a variable pitch propeller
61 is provided instead of a fixed pitch propeller, the fire
pump 50 is operated by the main engine 5 and simultaneocusly
the propulsion of the ship can be controlled by the control

of the variable pitch propeller 61. However, the variable
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35_. Steering wheel as control neans 40, 40', 40"_. Controller as control
means 50_. Fire punp Cains [Caiml] A marine propul sion device,
conprising: a power transmi ssion clutch provided on an input shaft to
transmt the driving force froma nmain engine; a horizontal input/output
shaft, one end side of which is connected to the input shaft through the
power transm ssion clutch; a vertical shaft, one end side of which is

comested (o8 substantially cenical poel ot R LARU! LouLRuLshathel r ouoh

propel [er “shaf one end side of

whi ch i . d h : ' ' :
whi ch 1's sennect ed Lo, Lhe obner (end slds o f he verdd caloaharye through 2

ni-sSm and a propeller fi'tted to the r end side of

the propeller 5601&21‘5 e é&h%@éf?[%ﬁf‘e rﬁégtmglﬁgfoﬂ@lﬁ&ﬂ@@vﬁﬁetlhsceakai%@gi ne to

propel a ship, : he propefler s ~the propeller are revolved
around the vepLi g?éséﬂef LnbBaskbnd PLORY| sbAB-dhkeeh eRaef pkRgushipn

wherein a notor generator Is connected directly to the other end side of

the input éQ%MoﬁH@tﬁtonly by the motor generator 20 driven as a motor,
and the main engine 5 may be used only for operating the fire
pump 50, and the expensive full slip clutch 60 and variable
pitch propeller 61 are not needed, so that the manufacturing
cost can be reduced as compared with the conventional marine
propulsion device as shown in Fig. 12 and Fig. 13.
3. Third Embodiment (Fig. 14)

Fig. 14 is a control system diagram of a marine propulsion
device i’ according to a third embodiment, which improves the
first embodiment shown in Fig. 9, and provides a system adapted
to input the revolution number information of the motor
generator 20 from the two-way inverter 27 to a controller 40’ .
The substantially same components as those of the first
embodiment are designated by the same reference signs as those
of Fig. 9 in Fig. 14 to eliminate the description.

In the present embodiment, the controller 40’, which
controls the main engine 5 and the two-way inverter 27, always
acquires information of the number of revolutions of the main
engine 5 and the number of revolutions of the motor generator
20. In switching from a motor propulsion region to a hybrid
region at a switching predetermined number of revolutions, the
controlleroutputsacﬂutdhcontrolsignalforputthu;aclutch

in the on state after confirming that both numbers of
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[Claim?2] The marine propul sion device according to claim1,

wher ei n

a base part, in which the power transm ssion clutch, the input/output shaft
and the first turning mechanismare nounted on a top face side thereof and
the vertical shaft is provided to penetrate the top face, is fitted to a
bottom of the ship, and the notor generator is integrally nounted to an

upsi de

of the base part. [Cd aim 3]

revoluticns coincide to a power transmission clutch 7 to put
the clutch in the connecting state, and outputs a control mode
signal of the togue control to the two-way inverter 27 to switch
the control region from the motor propulsion region to the
hybrid region. Thus, even when a steering wheel command signal
from a steering wheel 35 time-varies, the controller always
monitors the number of revolutions of the main engine 5 and
the number of revolutions of the motor generator 20, and puts
the clutch in the connecting state after confirming the
coincidence of both numbers of revolutions, whereby switching
of the control region can be realized without any shock.

4., Fourth Embodiment (Fig. 15)

Fig. 15 is a control system diagram of a marine propulsion
device 1”7 according to a fourth embodiment, in which as compared
with the system of the third embodiment shown in Fig. 14, in
order to acquire the revolution number information of the main
engine 5 and the motor generator 20, revolution number pickups
(a revolution number pickup 70 of the main engine and a
revolution number pickup 80 of the motor generator) are
installed on the rotating shafts, respectively, and the
controller 407 is capable of acquiring the information of the
number of revolutions of the main engine and the number of
revolutions of the motor generator 20 from the respective
revolution number pickups 70, 80. The substantially same
components as those of the third embodiment are designated by
the same reference sgigns as those of Fig. 14 in Fig. 15 to

eliminate the description.
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The marine propul sion device according to claiml or 2, conprising a
control unit, which propels the ship in a propul sion node selected from
not or propul sion in which with the power transmi ssion clutch put in a

di sengaged state, the notor generator is driven as a notor and hybrid
propul sion in which with the power transm ssion clutch put in a connecting
state, the notor generator is used as a notor or a generator mhile t he

drive i S per f Orﬁtq’écc%h EVOe_lF‘g:lr})% H[ %baél’[nlﬂfOrmatthHT%% [E?lr I {Ler

propul si on devi ri'sin Wo- iay 1 nver

tedg
connecte ﬁ@ontr%mﬁar e Contl’(L)t| e ﬁfo%fﬂ&o%géﬂér 8har roVAeL ek By

further, perforns operation on

recei vi ng, i nput ﬂ{f@rﬁé‘@féﬁrlgf \Mﬁ%e%noeem@fée%eaélz@tﬂsowcqtaxr%dsm:em

operator's handling a steering wheel to designate the nunber of revolutions

of the propeligs R0d 1:08d-4 &f oF et G PN 1tihe R ARY ke t8kdpresent
out puts a node sel ect signal for setting a control node of the notor

gener at of eh9o@1 hEME| Ut hONr-raypbet i ¢enteobl edenohuabker giekapat 7ol, wode and
an inverter conmand signal for driving the notor generator In the sel ected

control npgecid ridie, bwerivay si BMarties mecer ddig it dhe mbiehimbtallesul t,
further outputs a clutch control signal for putting the power transnission

clutch i ncéhehepahgchang Staletbe theodiusdngagecistatin foridre qower
transm ssion clutch and further outputs a governor
acquiringunits, so that even when one of the sensors is broken,

the control region can be switched without a prcblem.

[Reference Signs List}]

1... Marine propulsion device

2... Bhip

3... Floor as base part

5... Main engine

6... Input shaft

7... Power transmission clutch

50... Main key

8... Input/output shaft

9... Upper bevel gear as first turning mechanism
11..., Vertical shaft

12... Lower bevel gear as second turning mechanism
13... Propeller shaft

14... Propeller

17... Azimuth thruster

20... Motor generator

22... Generaticn engine
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command signal for giving a command of revol uti on nunber of the main engine
to the main engine, to thereby control the notor generator in the

revol uti on nunber control node in the notor propul sion, and control the

mai n engi ne and control the notor generator in the torque control nobde in

the hybrid propul sion. [C aimb5] The mari ne propul sion device
according to claim4, conprising a generation engine and a condensed
di scharge_nechani sm as the power supply. [C ai m 6] The mari ne

propul si ofr deWE G ST ding to 5, wherein the controller monitors a depth
of chargi n_? of _the condensed di scharge nechani smon receiving charging
dept h i nfofmati6h FHomtHe condensed di scharge nechani sm and st ops

char gi ng t he, condensed. di schar ge 1.sm according to a

char ge/digéh'a'r g:eo%%enl}sfeo R i %ﬁ%@ﬁ%ﬁ?ﬁ% condensed di scharge nechani sm

when t he §é1ar gé g%inmﬁé 1 he, cg%g?éfsﬁggﬁghar ge nechani sm exceeds a

pr edet er mi hed val Ue, al'so con € notor generator controlled in

the torqug cogiyr ol 4pnde dyough Lhe,Lugspydinygcher so that the torque
d

becones zero to avoid overcharge of the condensed di scharge nechani sm
£0... Fire pump
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Claims

[Claim 1]

A marine propulsion device, comprising: a power
transmission clutch provided on an input shaft to transmit the
driving force from a main engine; a horizontal input/output
shaft, one end sgide of which is comnected to the input shaft
through the power transmission clutch; a vertical shaft, one
end side of which is connected to a éubstantially'central part
of the input/output shaft through a first turning mechanism;
a horizontal propellier shaft, one end side of which is connected
to the other end side of the vertical shaft through a second
turning mechanism; and a propeller fitted to the other end side
of the propeller shaft, in which the propeller is driven by
the main engine to propel a ship, and the propeller shaft and
the propeller are revolved around the vertical shaft to set
& propulsion direction of the ship,

wherein a motor generator is connected directly to the
other end side of the input/output shaft.

[Claim 2]

The marine propuision device according to claim 1,

wherein a base part, in which the power transmission
clutch, the input/output shaft and the first turning mechanism
are mounted on a top face side thereof and the vertical shaft
is provided to penetrate the teop face, is fitted to a bottom
of the ship, and

the motor generator is integrally mounted to an upside
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of the base part.
[Claim 3]

The marine propulsion device according to cilaim 1 or 2,
comprising a control unit, which propels the ship in a
propulsion mode selected from motor propulsion in which with
the power transmission clutch put in a disengaged state, the
motor generator is driven as a motor and hybrid propulsion in
which with the power transmission clutch put in a connecting
state, the motor generator is used as a motor or a generator
while the drive is performed by the main engine.

[Claim 4]

The marine propulsion device according to claim 3,
comprising a two-way inverter connected to a power supply to
control the motor generator,

wherein, further, a controller as the control unit:

performs operation on receiving input of a steering wheel
command signal output by a ship operator’s handling a steering
wheel to designate the number of revolutions of the propeller
and load information on the main engine; and

outputs a mode select signal for setting a control mode
of the motor generator to a revolution number control mode or
a torque control mode and an inverter command signal for driving
the motor generator in the selected control mode to the two-way
inverter according to the arithmetic result, further outputs
a clutch control signal for putting the power transmission
clutch in the connecting state or the disengaged state to the

power transmission clutch and further outputs a governor
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command signal for giving a command of revolution number of
the main engine to the main engine, to thereby control the motor
generator in the revolution number control mode in the motor
propulsion, and control the main engine and:control the motor
generator in the torgue control mode in the hybrid propulsion.
[Claim 5]

The marine propulsion device according to claim 4,
comprising a generation engine and a condensed discharge
mechanism as the power supply.

[Claim 6]

The marine propulsion device according to 5, wherein
the controller monitors a depth of charging of the condensed
discharge mechanism on receiving charging depth information
from the condensed discharge mechanism, and stops charging of
the condensed discharge mechanism according to a
charge/discharge control signal given to the condensed
discharge mechanism when the charging depth of the condensed
discharge mechanism exceeds a predetermined value, and also
controls the motor generator controlled in the torque control
mode through the two-way inverter so that the torque becomes

zero to avoid overcharge of the condensed discharge mechanism.
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