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 propul sion in a notor generator sinplex,
propul sion in amain engine sinplex, and hybrid propulsion in which the
assi st of the notor generator | $eadddda®ditMe out put 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 | oad
factor of the main engine is lowered in the noving or standby state except
t he wor kiTd§ 16t &tfe TP %49 is unfavorable in the fuel cost and the

mai nt enance and managenent . Further, when being on standby in the offing,
nmovi ng atARIWEs Fee Uis il d¥d’ Yo keep a position according to the sea
neteoric conditions. However, since the work barge nostly uses a fixed
pitch propeller, in the case where the nunber of revolutions of the main
engi ne iz | ower, t aqrtqggidling nunber of revolutions, the speed is
control l 3%@%%%%? I ntrol of a clutch. Consequently, output |oss and

heat1ng 10SS Q48 ol O feftlBn Wl e d @ LWRL JNANdLLEMM enAUfardhier the

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
propﬁlsion 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.
{Rackground 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 meteoric 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.

Consequently, 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

ti i d tput of th t N v |t inth

o1 obl om oF - GPRRPUSECYAT LS RE™ (1o “BBIATE tald T e et o e RE B PSsent
hip f I t d h_a. I id -t [

o opul si on devi® TEFITERRG oM 1 AG GEviAg ‘Frde DF Mt Shgi e and the
dri vi f ; y : ' | si
devi co i Serestac i Ratlaf O AEER DR EUORE snppeas o En FYAAR, REOTE LT
so-cal | ed, gonvent i-anal 1y pe AL h G BLoRY IRl eherhee 12 il CRR; bRl
engi ne, a spee?‘regucer ang a prope%éer gﬁ%ft re arranged in-a [ine, and

the drivi %Ffﬂﬁé%ﬁk t&%ﬁisﬁc%ngisng AhdySst & phepeld ?réam e ihg nspeed

reducer. S nmarine pro sion device has a speed reducing reverse gear

provi ded ok hesd pheti e Mt-B namG QERICRLEE BReed d1eAuUc NYpaBgunavensi ng
mechani smincfuding a ciutch, a gear and the like, in mhlcﬁ a propeller is

driven by;@ tHid® i oaRd e tafom m@of_»eqnqr_adn@a?acgepedsﬂtao@o@arerbot h
thereof, so that the output of the prime nover is efficiently used, and the

eni ssi on @fnexhaush gagihe deer easgmt & adld Z@otow ardraidosadad, | ow

noi se. On the other hand, the nmarine propul sion device disclosed in Patent
Literaturee@ubasng canthgupabboami BFWBEEH iauTaiyn iangeae nigs thenreacties
through a clutch to a propul sion device including a propeller and a speed
reducer, and shsomaboel éet the premansi emintsrms direct-coupl ed thereto,
and further a generator is direct-coupled to the opposite side to the
propul si on devi e cofdedheonaddreagi seqh so piridtl edur angylhi gh-t ypeedrine

navi gation, the propul sion device is driven only by the nmain engine, and
during | ovwrgpetdinavigai cemit i hezpngpobthobhdedi telng rice i yapyn t he

el ectric propulsion notor and the generator is driven by the main engine.
Thus, it ¢sgpessibflieths groviade foxms v Wy B PH vl 2Fh BYIPeAFInhi ch
may realize high function of the main _engine driving(generator and
mini aturizati onTlf PHELIRDtBEOPEE SAGRI PRYAF SmildficHasEd aft & kably reduce

t he equi pnent cost. , _ ,
Literature 1 ig, 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 propulsion
device has a speed reducing reverse dear 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 thereof, so that the output of the
prime mover isg 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 [ Sunmary of

I 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-coupled 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 propulsion 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, whichmay 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 No. 2001-270495

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

[Summary of Invention]
[Technical Problem]

According te 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 conplicated and expensive speed reducing
reverse gear including a clutch, a gear and the |ike 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
made to address the problens of the related art and_ it is an object. of the

i nvent i orPa ek vt GRTACRER | fie WD G FRURE oW O R PRET Fate

assenbling to a shi | ower the manufacturing co nd.h
aggeneratorpand a motor, respect:tLve yg ress*a}ltflng(fj 1nai')/r?e pr%%lem

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 revelving a propeller shaft around

a vertical shaft for transmitting power.

[Solution to Problem]

Amarine propulsion device described in claim 1 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
shaft, 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
is 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 b%'revolving a prqggller shaft around a vertical shaft
for transfPtt FAGSpGherhy SHIWS0FE Flrtlohl el which the mpEPPALLIHF opEl si on
devi ce described in claim1 includes : a paower transm ssion clutch provided
on an i npGE ¥REE PYt 6DE iR IHE ¢ PERESHorce P on? el it REmeid:c

hori zontal ,input/output shaft, one end sjde of which is conpected to the
nput shaPPotfr SR 1hET BEer o AREHS&T B A PEEERY. She et EAPALIRIFEE one
end side B %gich LS c§§hecte to the subst nthg#l% central _part of the

i nput / out Bt “Shaft PERPSUGH & H%ﬁcﬁﬁﬁqn%é THEM R m YEShor P zontarer

oL et B A L ETRR Lo O S 0

of the ve sha rough-a secon urni ng el ler

fitted to; e i de of the propeller shaft, in which the
propelIerlﬁgﬁa?kggﬁugyg%ﬁg%ﬁain engine to propel a ship, and the propeller

shaft and the pigRehLelLar g-bgvalel alound e ualdea, shall, (o st a

propul sion direction o ip, wherein a notor generator 1s connected

direct|y Laatheraihoesend shde of (e iU OUL RS, SBAEL: device adhe Marine

propul sion device described in claim2 is characterized in that in the

mesine pr@pykskpaadevi ¢ awm desw ihak i;shlc&,aim%hﬁcﬂagﬁepgbkeri n which the
power transm ssion clutch, the input/output shaft and the Tirst turning

mechani smasfsiveetied enutdhop thrce ghde/ dbeneofseddc t Beqventi eakgghaft is
provided to penetrate the top face, is fitted to a bottomof the ship, and

t he not or tgenengt aechant Binegeal hyuneuat efl Locan st dei @ dherdssefart .
The marine propul sion device described in claim3 is characterized in that

t he mari nehproputscah desfcei asprestiebietoipendaratd Ofie 2t bpctarees s
control unit, which propels the ship in a propul sion node selected from
mot or proputsedntpnawbkithom of te pdwer, tambssshonoe! geohrpubri hsa
di sengaged state, the notor generator is driven as a notor and hybrid
propul si o FagRAL el Wetthtele tpower unrssindisBitore dbasehpput.in t he
connecting state, the notor generator is used as a notor or a generator
whil e the drivel#8 PpRFiBeneECHyleAe RSy @fyidascribed in claim 3 is
characterized in that the marine propulsion device as described
in ¢laim 1 or 2 includes 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 transmigsion 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 claim 3, includes a two-way inverter connected to a power

supply to control the motor generator,



The marine propul sion device described in claim4 is characterized in that
the marine 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: perforns operation on
receiving i nput of a steering wheel command signal output by a ship
operator's handling a steering wheel to designate t he nunber of revol utions
of the propeller and | oad |nfor ion on_ he main en |n outputs a

nmode sel ect si gh&f-3or- s%t??ﬂbra Sht 781 TREAE G The or generator to a

revol uti on nunber control node o t t I
conmmand si gnal FP%IFE%JFT% ﬁ’&rtaﬁemrpo?ﬁrr%r g(rajé%ggn{oo eg‘ge ee%]tﬁgg(l‘fogl\ég t)er node

to the two ey 'nvegétgogcordgggaht hspariLhpe ts.'ﬁalrl&fyt%  ByeLpanpuLputs

ower fransm SSi o utch’i the

connect i ng. siate, o Lhe, i seRgager; SLaLe 10,1116 POET.E ANSTLSHAN ol ut ch

and furth a-gover nor command signa grving a nd of

revol utiop, puibeg of cbbemaLy epdine tre]frbeer@rtéengl ne, to thereby

control gener at or e revol uti nunber control node in the

mot or prODU'S'O&t@B@s%O%% steligcg 4809 Eeraggtwﬂgr@lcarttef@pwde

generator in the torque control the hybri d propul sion.
of the motor generator to a revolution number control mode or

atorquecontrolmodeandenlinvertercommandsignalfordriving
the motor generator in the selected control mode to the two-way
inverter according to the arithmetic result, furthexr 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
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 torque
control mode in the hybrid propulsion.

The marine propulsion device described in claim 5 1is
characterized in that the marine propulsion device as described
in claim 4 includes a power generation engine and a condensed
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 controller 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

r ecei vi ngchaklgigiongetddt R niamoraiEtdof f9on iheccongensedidpsbhtgge
mechani sm and stops charging of the condensed di scharge nechani sm

accor di ngMeghanérargerdl sénryehegrivye of grlag grienntedt AesebAdERsed

di scharge nechani sm when _t he char%%gg dﬁglh of the condensed di scharge
mechani snPELEEEGS T2 HF@HR B fihaF A IR, A haehar 98 CSohthcol §1vhRe LT
generator controlled in the torque control node through t he tmo-w%¥
inverter §6 PR&tCPREchErgudlBebones BerBandsavERa™t He® FALHAYSLTIT he

condensed di scharge_nechanism_ [Effect of the Invention Accor di n
O s T LIS A AN e T e e o B

imuth thrust ted t t | si di ti b | vi th
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dopts _th t i ich.t i i ne_|i t t
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end side. jTherefare, a3l e and conpact-sized configuration can be
! d .
realized ang ass ﬁbﬁr%g to gﬁe ship can be facilitated to reduce the

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

hi ndr ance pafRdct-he CltHL Sl one power transmi ssion clutch, being

sinple without a speed reducer, so that the reliability as the marine

propul si on devi gecbgdihghto 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_clutchxuithout
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 canbe facilitated to reduce
the manufacturing cost. Furthermore, even when one of themain
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 reliability as 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
of freedomin |layout can be hei ghtened by downsizing. . ~ According to

t he mari nBUPEbpINSIten déprecadePEedcks BeBYPHL1E| AV 9 21 WhEhABtoR RFSIRET at or
is fixed directly to the base part, which is nmounted at the bottom of the
ship and BBURRECRSt Hdeh aFICRBHSHICT ikt 1 Ot pBt CeRatRat 807 PEedleafdEhe

not or generator is direct-coupled to the other end side of the iqup{output

shaft, socPHARSt RECEHRE §RCRt GF1EL AR widi%e i s Furiheontro
conpact - si_.zed, Furghernnre, in performng,the oggratiqp,fqﬁ installing the
mari ne prophl $PEntaEVLeEdi AtRRE Shi bPPnSRIBRTPY Y, TTFWFTE SuffTEE T o
t the_b t at.the bott f th hi d t the.mai i

of the ShTBSLETHEIERTHPRG IASTe! BF R As PO TP H, S0 Tha Gpd A 1on i s
inple. That _is, . t_f h t i f ti the b t at th
FLTPe: TOBkg G ol LATLAER QRO | G g, e pags,papt 2t (e
ired it f tt. i ' t t
require ggg'{e%h%ﬁs%ag%ggerﬁrﬁt%}]elocg%a%ohﬁ% SR 0% 498.4 %‘%{Eﬂ%ﬁ a&JﬁﬁciS&{m 0

t he i nput ut s Se part, ARG therefof & the man-hour can be

d d ' f .ed i | f i f s

oot eased:hg dAHZE M LI, LAYE LD do BU BRI 0RE O/ unca ming,

motor Propul si ofccbhfidly BoCOnL gf?érfﬂ@(hiyfégmswn_t&@vieévé@ecféis@ﬂw&dst at e
neeaed, at e

of the main engine i's not SO t neration of heat and power |oss
in the poygroisansm sshOmA W Carfausad: Bk sl B reert kot oCaRe hss geduced.

Further, 1 n the case of stopping the main engine in the notor propulsion,
the runniggreqsmeﬁ § Ben@ £e8H0lS - 192 H A &8 IaN tARDYRE pdihi Ngo thiat ciengi ne
stop can be decreased. The notor generator sharing the Foad with the main
engi ne mayhdr hweijzusit 101 dpu Aaguef shder ovk paitcea, t hadmpher mgeaer at or
can be mniaturized to be carried integral on the base part of the azinmuth
thruster gehbottoa hisndriares -cthgperesd i onei othbe ol bodd oégictre of the
mai n engi ne i s decreased, and the operation in the efficient load region is
possi bl e snptihdbutpelt ctrgunptdcortlist | tpe ovedf i¢nrahéonoter tpeopilodieon
since the notor generator is driven as the notor, the torque can be 100%
out put evéeviipet he foewthet atdprst asdzed . quiektperespondin peheopnopzl | er

| oad and facilitate fine adjustnent. Thus, ship handling performance can be
i nproved. the theraybrndfpropussibhinghihe maeipe apedipetsdenvécHavenygtgood
transm ssion efficiency is performed by the main engine, the notor

gener at or teansipép e d asirHerfot oF Wiliheigjehee QMo rdrng3F8 PHE" | oad
state, so that in acceleration, torque assist can be gbtai ned fr€n1the

mot or gendFatBf BeEFRY a8 BhAOIREP FRACFONSERY BRE BRERI RAPENOLtHRS ot or
generator acting as a generator perforns eneration to therggéncharge

the condef3&8 & SERAEEY Hee ﬁ&’rﬂ%erﬁgﬁﬁlﬁm&§%§\g%;‘?f‘é’l‘?hp_rs(ﬁ/FH@cP%?r_ and
surplus energy can befecquered. Acgording to the fmride propylgiom,device
bagse 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 ship or again connect the same to the input/output shaft
on the base part, and therefore the man—hoﬁr can be decreased
to realize further reduction in manufacturing cost.

According to the marine propulsion device as described

in ¢laim 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 at or iastlze netorsrscbAdiivg b2t heoBHine MaARi ABISNat ES NfenéByedssi sti ng
the main engine, or the notor generator is acted as the generator to
gener at e powePali TRNSHASLGS ehelgRt PGS P& ciedit Shildd BRIfHg i s enabl ed
according to the load state. In addition, since the main engine can be

oper at ed FRAPABLEFLPE et ¢RGiaoFed G¥l CRD MR Ereh todnChR Fedaeuged -
According to the marine propul sion device as described in claim5, the
power to YRECRECor iRaM bt 84°PPIRG RESgBALPRTIN_NYE FESaA® HFe
condensed discﬂgtge mechani sm so tha%ﬁgge capac%%élof t he generat.ion
engi ne cai® BBYNEIE s nh Pt “RRAAS RSt it OF SHE M 0L G 8 &P and
conpactness can he realized by downsi zing. Further, the po supply is
Gven.  ectARLy S05 Fat PeveRTAHON SHER S dtenEIRARELr atron TERT e
performed_w t hout a hindrance. .. According to the marine. si on
devi ce asgﬁﬁéﬁ%EBEdS?%r%?%ﬂhf%}Oéﬁewé%ﬁP%6?NEP95 ﬁgﬁgeﬁﬁﬁyfgggﬂ%ﬁgg%ﬁarging

depth of the gendensed disehar g aeehani Smy, Anduben, L Leachesag SErtain
p or nore, g 1 he or &

char gi ng dept enerat1o r‘om no geneérator 1s paused to

aV;Oi d Ov%ﬁﬂﬁégﬁrizgﬁr it%f b@%gEEREidO@n(Efegl.rI&q gr@‘@ﬂégﬁase part of the

azimuth thruster without a hindrance. The operation in the
low load region of the mailn engine is decreased, and the
operation in the efficient load region is possible so that fuel
consumption is improved. In the motor propulsion, singe 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 load
state, so that in acceleration, torgque assist can be obtained
from the wmotor 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 as 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 show 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 contro

state of each part in the respective operating conditions of the marine
propul sion device according to the first enbodi ment of the invention;
Fig. 4 isia diagram shbfi Aglohencelng isgys iy Feiowveddy t eV aindera 5¢
revol utions of a propeller _and the propeller output in a notor propul sion
regi on andnffgB2RGBr FENBregdes] @ﬁ'ﬁ%@i§ﬁnﬁﬁoﬂﬁérsﬁﬁptpﬁﬁﬁ#ﬁgS@F&F@lﬁh t he
respective pgerating conditions of the marine propul sion device according
to the fi?éitehpbatBan &het HOtORY SRfiegRtor and thg graisl jRE B ock i agr am
typically show ng the openating conditions of each part in the case where
the mari nelPrEpidsPaPrIE A I atb6r BP YT 1R FPF st® ERBEG ToRE -
invention_is controlled jn the t.or praopulsion region in the shi.p running
state; O ENSRThy Rl TiteR REaBram s OBl | JosHom TR The Skt i ng
conditions of, ea P part i.n the case where the rine ropu%s' n device
accordinga?g fﬂe% Frgfggﬁaoﬁﬂﬂ? %ﬁQQMéﬁPﬂﬁ%ﬁgﬁﬁﬁwl 2on? o#ﬁ%dm?ﬁnthe
hybrid prgl%ﬂrslleoins LERLON L r}]:Ja{[sDeel%QIdP g %'o@l%r%tlalteeﬁ controls the motor
" 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 lcad

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 claim 5, the power to the motor can be supplied from the

generation engine and the condensed discharge mechanism, so

rthat the capacity of the generation engine can 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 avoid overcharge.
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Fig. 7 is a diagram showi ng a marine 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
t he assi siBwofef Heesot Opt genepét bhei dreedeiovddd, and the out put
characteristic in the independent state by the relationship between the
nunber ot revolRidons iof & heeomionahgy hevasdovhagnaha pHghAeradt B&Etin the
case where the marine propul sion device according to the first enbodi nent
of the i mvemiprcpslednptr opFRANEAT AB Ry BIEiTd N5 GPRERYOH FedgiDRGH the ship
runni ng state; Fig. 9 is a control systemdiagramparticularly
showi ng t#ecesRingukat fohisptactbpriisrrsy stferhlit HE erdtal configuration
of the marine propul sion device according to the first enbodi nent of the

i nventi on; Flg-F?g%s1@_F%béedFﬁﬁﬂﬁﬁﬂgﬁbﬁ@ﬁ@”fﬁbtﬁﬁ%éﬁ?ﬁ

configuration of a ship including%a mar i ne fropulsion devi ce accor%%ng to a

second enBfdf HEWE2BLORIRE FREART DR PR FS19R Jsimee accoraingiiP tPE ' 4
bl ock diagramtypjcally show ng the oper.ating conditions of each part in
the case ahE?E %ﬁ%oﬁﬁW¥ﬁE B%gﬁgﬁsﬁgﬁeﬁgﬁfgﬁ according to the second

enmbodi nrent of the invention.is controlled f the fire fiqghtli t yation;
Flg. 12 1's a diSGfam shovi ny (HE-UenarardoRfrgarariey Scare of sack

I"guratton
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
jfla.motor'propulsionAregion.and.in,aihybrid.propulsioh.region
in the ship running state in the respective operating
conditfions 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 biock 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 hybrid propulsion region in the ship running

state;
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of the conventional ship carrying the conventional type azinuth 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 configuration of a marine gropulsion device according to a third .
enbodi nent of tFHegi rivéatd diagamsm showing Fmgring ¢ube AEHRCHe YRt e
diagran1showﬁng_int%%rticular the configuration of a control systemin the
general c@hiFjuiati éﬁ%@ﬁﬁﬁﬂ%ﬂ#&w@ﬁﬁﬂ%ﬁ%nt@%vmﬁéna%E%FH?n50¥8ténﬁburth

enbodi nent of the invention. [Mde for Carrying Qut the |nv [ [
Enbodi nengreed and the main eégine output inyth% cagse where éﬁglég]i&é First

propulsion 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 ot 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
controlled in the hybrid propulsion region in the ship running
state;

Fig. 9 is a control system diagram particularly showing

i the configuration of a control system in the general
i configuration of the marine propulsion device according to the
first embodiment of the invention;
% Fig.10iseidiagramshowingthegenerationconfiguration
of a ship inciuding 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
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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
mai n engi Be taie canfrehen cganesial weatravieicht eadensfena ilowrilzoppala 7imputy out put
shaft of the azimuth thruster, respectively. (1) Configuration (Fig. 1 and
Fig. 2) thrusteAs showh i®aFtgxed, pitchherstereof aafshipRigarabaig t he
mari ne propul sion device 1 of the enbodinent, a floor 3 serving as a base
part of aandzemitilret lpnugt;er 17 of the marine propul sion device 1 is fixed
at the bottomthereof. A gear case 4 is nounted on the top surface side of
the floor 3, an@ig.hoBizem aidgyan Shfing donweeteadt ¢ inguradngime 5
shown in Fig. 2 to transmt the driving force, a power transm ssion clutch
7 where t hé thmobrnyeaft ogeilssibnreatad- nHt be it isngel PR3 F8HtAl

i nput/output shaft 8, one end side of which is connected to_the output side
of the polBrustaasnivEsrEbrlchutahl Folami i vpperlbevel 2yedr forepi®l is a
first turning nmechani sm provided at the substantially central part of the

i nput / out put shBRE-8L4 aPe? KEWSE@ )i AYEREM MATTIR SEPYIRG YRA2Tasdl AT
Further, as shown in Fig. 1, a strut 18 and a casing, 10 are fitted to the

| over surFE@eQquéﬁﬁrqqﬁQQIQﬁmaﬁ??%F¥%%o?¥%t%@Ibﬁ/?ﬁ% gRPFT3! The strut 18

and the casi% 10 can be revolved by a revolving drive nechanisn1not shown.
One end sf@g 3€H§%ﬁﬁﬂﬂ Qﬁuﬁsﬂ%ﬁﬁn?ﬁp¥?@9g%???cg?véﬁﬁf CrrrHdTEohReft ed to
t he upper _bevel ar.9.int ear. case_4 provided on the top face of the
floor 3, EE&I§%§%§§¥¥V%%ﬂ:s af %J?E%%%F%%ﬁesa?ﬁrough the floor 3 and the
bottom of the shi Q be disposed..i he. - i . One
end side of a p?&%éf}%ﬁss §¥¥&f§ﬁi%Yggﬁﬁég%%%£€%E%ﬁgﬂgg%gg%gﬁgé%l e (the

| ower - end pldelaf A et i6als shaltdd Lhroughia Lavegeheyeh gear 12

which is a 'secon rning mechani sm er end side~of the propeller

shaft 13 ic%n@ri%ju% Gk & @.r%g%%%@f%%p&%igﬁsaegié@ a@0e @iy aReld er 14

is fitted to the other end si e propeller shaft 13 projected to the

out si de of 4t he HeasrdikntTher prigpel heenddohs a fixed-pitch propeller, and
a substantially cylindrical duct 15 is fitted to the casing 10 to surround

t he propeller 14.
[Mode for Carrying Out the Invention]
1. First Embodiment
A marine propulsion device according to a first

embodiment is an azimuth thruster adapted to set the propulsion
direction by revolving a horizontal propeller 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 output of the
main engine by connecting a main engine and a motor generator
to both ends of a horizontal input/output 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 ment, the driving force transmssion clutch 7 is put in the

di sengagetl st @ figurRédeny (FerF-or’imaist of1Pr opul sion in which the notor
generator 20 is driven as a notor to drive the propeller 14 and propel the
ship 2, and furPfefhPHE PBWELIt r dnsAfs§P6n SERFCR 7 & el 4 ARy 1NT
connectinghstate,to t her eby perform hybrid propul sion in which while
driving i SPpePRELREIPEFPHRE IFE AdGithe BT (he MG FHrator- 395 S used
as a notor or.a generator. In both propul sion nodes, the casing 10
i ncl udi ng®thé1pEopald s?an"fftlg%aaﬁ'l‘g at%é“%kbﬂf@lrlué:‘rt%4 1i7so1%e@?ﬁ Atound

th tical ft 11, thereby i || tti th | i di t
of the SHPRPBLLTAPE PEVSI Rarst 8 RE. U/l MR hat MATE hr GO
Al di to_the, t_enbodi t i.bed in th '
or opul 51 SRR aRVE ¥ GOSN S LS Rl EOF Loy e (ERehal RE ohgToe B i

ti ' he | t t 8
gigé%leéf%ﬁ%%%ﬁf%ﬁ? %%?%%S%f%‘%%&%%nﬁeécrﬁ% & s é@é’%ﬁfcﬁ i and

: | Vv e .

Si'de of TR TR0t GG BT SRATL CBe GhEERY TRE Na b G ne B S The ot or

gener at or. 20 a5e; ¢eRRect #d it ROLR-8RAS 1f cbAfected to the input side,
a horizontal input/output 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 nmain engine and the propeller to forma
hybrid, iprosepossibied dinegad ze ahhybrhdragnduthi¢ hriusher prapiedheirs
further sinple and efficient in structure and hardly causes power | o0ss.
Further, shate Lheprofertgdnératde 20tisgdentadgridid yeamurg e on Thise 1 oor 3
to forn1a conpact structure, in the fitting operation, it wll suffice to
nmount t higreeslter okt tire asmlgezimcmfommeltw,sm taoSphétﬁﬁmaéﬁg’ ine 5,
so the tine and Lrouble for installing the notor generator 20 separately at
a requiredyplaeelralidiecsHimp iz EaRthe tavédrr CASAnG fAghe surrouny £hGugh the
output of the nain engine is determ ned according to the required output in
oper at i onPTAPEhecEohdenti onal propul sion system for the tugboat, the hybrid
propul sion system|ike the present epbodi nent uses the nptor_ generator

as a notor, whefeby ®he ad‘"utgﬁftwnoﬁnb%%% tlhean‘ﬁf’ﬁ%n%?‘ﬁ%r%t%ﬁc?C?hé"hﬁﬁthor can
be utiIized so that the small er_out of the mai,n engine 5 will suffice
25 conpar80te 1 T HROTGRVERERORAPCHROFUPSTN 455 Earerry B =Cifen the

out put of e nmain e s made .smal | er_than the cqgventlon

propul si o %£§9§¥%ﬁ]p?Wngaﬁo§sﬁﬁP§IF$CFédﬁbéﬁFﬁ%r%ﬁﬁ§% %Taﬁ%?%fvb?gthe
I-nput shaf tter ﬂ ohreceltl keke%”_ Irl\}egng’sttigcan&%@gé alrr%ll@ @]]%ér}%_ % is a

appl i ed. Hanut e T et

bl ock di ag WL@@' LY fgggﬂ Qg%é%efb%%e%%o%o fi %ﬁa@trﬁooab 5&15& TRy ne

propul si on i'nc ove azinmuth'thruster Shown i n

Fig. 2, the §Q'80hﬂel:{€'§dp[i %%’&Elﬁ)@%d'trffén }ﬂ&%% éi!@eSSEStgé. mari ne

propuIS|on devi ces I ncl u ing t imuth t ster 17 and a drive control
system a ﬁ@?é@tﬁﬁ%ssﬁé?ta%r%@l%gﬂﬁat%Jﬂ]gﬂtl apd left in the stern of

t he ship. e details of the control systen1be|ng mentioned |l ater, the
right and left AmsdAg: B oRyl o Aoy te erb SRInder COold Qiﬂl&ﬂlfﬁf%’ﬁ@' y by
shi p handl i ng neans provi ded on every device. The marine propul sion

devi ce 1 shoMemi8skbd.cliddeludea gensiadicerargia® s22 tient addiddedi, to t he
above main engine 5 wherein a generator 23 is driven by the generating
engi ne 2Zp:épfgeneanaterebecpuileabnpanewhiahd thike neltent rdeaad rapawer2 s uppl | es
the electrical power required for an inboard | oad 24 and the notor

propul si ofiriifde s ectotoaltpaudrve dhetieopel berpropuidponpied gouedddid rom an
i nboard bus bar 25 connected to the generator 23 through a transfornmer 26
to a two-ayendviertgreRthambwde wveanshl esspaedlubabr 8l isvewt tie vt or

generator 20 as a notor is performed by the nunber of revolution control
connecting state to thereby perform hybxrid 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 revolved around the vertical shaft
11, thereby optionally setting the propelling direction of the
ship 2. This 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 mechani sm 30 is capabl e of supplying electrical power
to the nuiDrhgehepatgou2@uitnsaddit 8 ahigroogdrd hsuppontfalony tthe qafe§Eor 23
driven by the generation engine 22 in driving the notor generator 20 as a
mot or, i tdicanseparateltyraauppl sside clwoth it poweithrompherngeBET§EREr at or
20 when feeding fromthe generator 23 is not expected due to_ sone

Ci rcunst @ce.s Bpetlrarively charastiesy dd recatly SRICRA PHEBRNQ Fckkert
receiving state, the condensed di scharge nmechani sm 30 i s charged.

Thus, by the hybet doeopni gehattof. hebeAgPYhEhralPAi8ngREE™S &ndthéPRot or

generator 20 as a driving source and including the generati engi ne 22 and
t he genereeipr 2BBReratpbweP 3UppFPNAREteRe téb%lféﬁ%é?dldcﬁ s%‘%]a&g‘ze mechani sm

30, even if the operation is inpossible due to defect of t mai n,engi ne 5
or the gehewl]Pigtrnli Aeadpd 8t ABdoPEFRBPEIeRY ReSitEd ?iﬁpfgg £6 hiitgat e

Cond 11 bri et WRERS IPRODGE S1OR TRVi 8 OF (RF T PRoRRg, o B Che Tl | 12
marine propul i on dewi oo 1,20CALNG 10 4 1S R S35 SIPOSLHED o dgnahovn 10
o common input/output shaft 8, respectively. Therefore, as
compared with the case of adding a motoxr 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 floor 3 to form
a compact structure, in the fitting operation, it will suffice
to mount this device on the ship 2 and connect the same 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.

Although 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

recei ving and i ncase 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
t he st at eobf thhemadndengedediss ehdriges ufschamiasm SOpave ¢ warle theted in the
| ateral colums, are controlled to be the optinmumfor the respective

oper at i ngceBHantilens.l propul s AaprRy RN abdle thespustd veheperiat iongput
conditions, the control operation in ship running will be described first.
Fig. 4 shehstPReMReNaElgis 5 bét Weste (et hkatb et Fles of e ToREionad
propel l er and the propeller output of the nmarine gropulsion device 1 in

shi p runnPhEPEASIAT FYRIEE™ 3 1tAd SSRAGE I it Zedwte t Hlee poRhE1@8 which the
nunber of revol utions of the propeller 14 reaches a sw tching predeterm ned
nunber of 4F8UEFGEI Shst i dddtitnglehé PARRAF e 6P VRYSNUtHD TSR he
mai n engin t he notor, propul sion . notor propul sion_region in Fig. 4)
only by tﬂg %B‘? P e R8BS ° 2P d‘ﬁp\}é&? s A5t of PF Ut e FCHrS S t ched
to the hybridbgrogé#si%n (a hybrid region in Fig. 4) by the main engine 5
and the nbtor °as&r§H <6 -t he notor generator 20. The swi tchi ng nunber of

evol ut ons of bike 2 ehbogoye; B gl Lapetly sluaptL i de e

First, ascéﬂ@‘f@ui}:‘gtﬁiog: o% 1?11&9 nl:airgi'neSpr%pmts rorPEl%erjl_lc%i Qnincluding the
above azimuth thruster 17. As shown in Fig. 2, the ship in
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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region in which the nunber of revolutions of the propeller is equal to or

| ess than the switching nunber of revolutions will be described. In this
not or propul sion region, with the power transm ssion clutch 7 put in the
di sengaged state, the notor generator 20 is speed-controlled as a notor,
and the input/output shaft 8 is rotated by the notor generator 20 as a
notor to perform propul sion. When regeneration occurs in this notor

propul sion region, the condensed di scharge nmechani sm 30 stores el ectri cal
power. or thaéctordimgcpotiied eEnvdyr itofralwagzi WMMHaT &t uster, as descri bed
above, the slip control is conducted by the power transnissian clutch in a

regi on where th@ununder of FBPBRULPOAIJof 2/hé HIBIFEMSED i 9% 0 or less

than the idling nunber of revolutions of the nain, en iQe 5.1In th%§tpontrol
met hod, howeheRistha pkdFEnacighfte GélﬁnBYaobgaVo%%Y%H Fh 1 he & egi on
equal to or less than the idling nunber of revol utions. é@i%ﬂ?
contrary, 2R et B2 F ADEhCYRF 6B ef Y97 FoF Q%%Eﬁ?B?¥dlgﬁﬁbﬁF§F§ﬁfsysten1
according to the present enbodi ment, the drive is rfo

speed- cont (TR BYGEYR ke REtIrCHeherdiDr 156) a?rﬁqheer%ﬁﬁ%e%‘{}%ﬁltequal
to or less than the swi tching nunber of_ revgl ution h eller
shaft 13 E@APHécPof BPBIE IR IR WA E e cbf ﬁgmc?ﬁgegggbi %‘55% gﬁ er%'gcgcpt he
swi t chi ng nunbe f revol utigns .n i f i y the
motor.  CUTrT ePh ?ﬂi Sc3LRTT h‘éhéﬁgi ‘%H%ﬁg(?#éiﬂﬁ%lgn geé)%gzt&ian&?:ﬁeé%thﬁ}%g

state, and be.3Lopped, 2, uell, 0N he, (BN 00HAELS ocBhapRgdso Lhe

Use gas em ssion anount can be reduced to

contribute tobggcggagg?épgiﬂggéggggggggllﬁggerEMgnjﬂ@%ﬁﬁkﬂeg@ﬁékég&ﬂne 5

i s put in“tR&"rdl Tng” st to the slip control in the power
transm ssign; ¢l ybghy 7.1 s Bof caugsdl 50r F5at + BR S Se SAVHP L Bid LT et aty be

obt ai ned.

the generation engine 22 in driving the motor generator 20 as
a motor, it can separately supply the electric power to the
motor generator 20 when feeding from the generator 23 is not
expected due to some circumstance. Further, in the anchored
state and in the shore power receiving state, the condensed
discharge mechanism 30 is charged.

Thus, by'thé 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 ig 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 hybrid region in which the nunber of revolutions of the propeller is
equal to or nore than the swi tching nunber of revolutions as shown in Fig.
4 and Fig. 6 will now be described. In this hybrid region, with the power
transm ssion clutch 7 put in the connecting state, high efficient

propul sion is perfornmed using the main engine 5. In the hybrid region, the
motor generator 20 acts as a notor when a conparatively large output is
required dpenssisy ¢ded proput sirostofp themigian éngehehdr igg.aghsshgra
generator when only conparatively small output is required to perform power
gener at i grower receiffhengemd dn tasehef R TEreyi oG 1215 Ldé$EF bed
further concretely. As illustrated in Fig. 7, the main engine for the
general shipghasdrpe i neowbes cHdiacesriestilys AtAREchUERe DHSURYEPSthe i n
engine is proportional to the cube of the nunber_of revolutions. As
conpar ed o t hevheudlepat o6f thRe LRBR /ORGINE SHARthG sUdiE RRGTRE Ctbe
characteristic, as shown in Fig. 8, when the |oad is higher |ike the output
char act erfeRrf &t égseof nthewiag w@PH}nﬁhéfm&ﬂﬁ'3?99%NQﬁK§hﬁHﬁ?Yﬁqed to

assi st the output of the main engine 5. Wen the %gtput of % e nai_n_engi ne
5 is assisfEASMAFERBUgALERENNINDERCOPPREGEIEEI 6RTYAS e Ofr 5p& I'6F°T4 does
not change, the torque is increased for._ the ab%vehaQME%f g%{tg%r as shown
in Fig. S9SRREALPRE T 0&lS PFHReT “F AT He MAFne e (e S haracteristic | i ke
the output _characteristic case in jnde dent _navi i - h e where
the char g?%&“?eﬁf‘ﬁ %tfaTsﬁé’fcgﬁaé:r%Aderm%gﬁérS&e aﬁ@&%%%égnﬂgsh;#b\%gqc ar gi ng,
the notor_generator. 20 | s _used as-t ra ed
dischargeaﬁ%cﬁéﬁﬁgﬁléﬁ.kﬁe age?%&seg%ﬁgﬁ%fh%gkoggqﬁyq#¥§%£§%qgﬂg%%i 5is
hi gher as_in.the accel erati , { ggﬁﬁg 20 is driven as a
notor to %%?%%FW]gégig |n3?g§ﬁggygé1%4§§%gﬁﬁﬁto t egagéﬁ'engine 5 is | ower
B L aihe O Ul SAgaS| Bhe 3B0LN-ERB deqsleidng Sl @und T Gendensed

di scharge nechani snt 30 nay be charged to recover sur pl us energy.

Next, as égﬂwgohnoEEgatgoniQnt@%fﬂ“ﬂﬂﬁﬁ%hétﬁif& E@edgﬁﬁﬁiﬁégiﬂﬁr5taﬂd t he
not or generator 20 are stopped, and the power transm ssion clutch 7 is put

in the di sengagedqst gt gnokhergeneraticadbrengdipes Rdkel tihwughmoependi ng on
the required elec%rical power, generally cover the inboard | oad 24 by

revolutions of a propeller and the propeller output of the

al
i

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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opetalLiug at | east one generating engine and al so charge the condensed

di scharge nmechani sm 30. As shown in Fig. 3, in the shore power

receiving state, in the shore power receiving state, simlarly to the above

anchored state, the main 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 al so stopped, and the shore power

receiving 31 is connected to the inboard bus bar 25 to cover the inboard

| oad 24 angycbar e vhieclc endensetedi s€haegel nethani s 30 Hurpeadeofi s

enmergency, as shown in Fig. 3, the main engine 5 is operated, the _power

transm sségnatlit eir Tebs tphan ithe beicohiogt imgbsrar®, ravrel Wimyes vaf 1

revol utions of the input/output shaft 8 is set equal to or nore than the

i dl i ng nusdeteofr ¥isxb| utirons ;. sthet eptsroryelferEt FEIA0N sWEBJTRIPO¥FLY one

of the generating engines 22 is operated, and the condensed di scharge

nmechani sntB38nesimet ousedut ¢B) 7 Gownt i Hurtdte oH s Iasif G cIt SRt MY FPGCT9)

The control systemin the marine propul sion device 1 according to the

present epbodratar 28 dRowRelRs-FoRt11Rd Sfovh B9 # g. 2% thRe narine

propul sion device 1 according to the present enbodi nent includes a steering

wheel 35 jmpuhdpdtong ahakitpsand BOERREROPY driaAM ALY IERTRTY UhiE for

suitably switching the above notor propul sion and the hybrid propul.sion. As
b T 68

descri bedabBPbPE WPt ReEEPEReREOPHG SHGL- 2WOFR FRECHFE S Fent. the
mari ne propul sion devices_1 includin thﬁgﬁzinqih th&u%ter %g gnd the drive
control s?%%énWQF@erSPPHé&18W~Fﬁ%ﬂﬁ%bhﬂ: FIFBFt 165 SEEFA%0f the ship
2, respectiveléﬁ and the steerin wheeH_SS %QQ the controller 40 are al so
provi ded BRCRABIPIGRL SHETEST € LG e br dpulsi on devi ces 1 each, whereby

cont ol | od | naeBERAEALTY bp EREn STNGT Ty Bap VATl ot ooF! g wpoe D 35,
described above, the slip control is conducted by the power
transmission clutch in a region where the number of revolutions
of the propeller is equal to or less than the idling number
of revolutions of the main engine 5. 1In this control method,
howéver, the propeller shaft cannot be rotated in the whole
region equal to or less than the idling number of revolutions.

Onthecontrary,jjltheazimuththrusterit7forthehybrid
propulsion system according to the present embodiment, the
drive is performed by the speed-controlled motor (the motor
generator 20) in the whole region equal to or less than the
switching number of revolutions, so that the propeller shaft
13 can be rotated in the whole region 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 themain engine 5 is stopped,

the running cost and the greenhouse gas emission amount can
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As shown in Fig. 9, the controllers 40 for controlling the main engines 5
and the two-way inverters 27 always acquire a steering wheel comand signal
fromthe steering wheels 35 and the | oad information and the revol ution
nunber information about the main engines 5. The steering wheel conmand
signal is 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 be degigadt eot henhuhbeteotor 8eokeapensnofnVhsopingpéEliedcad. As t he
revol uti on nunber information about the main engine 5, the governor

revol ut i cBvenneeni Aeormatn ornd ¥om A govdihor 36 pieVliided séh tehe LRERN
engine 5 can be used. As the |load information about the main engine 5, the
gover nor FREKtPIdIe isdiH fPamet 6R EFREPERRT JovaPFiBE S 3EOProvided “or St he
main engine 5 or the load torque information_ output by a dynaponeter 37
provi ded %@Fm@éﬁsﬁﬁeSﬁaFﬁaén&Pﬁégééﬁﬁﬁﬁéﬁbﬁ%ﬁﬁ%%ﬁmﬁﬁ%é@%ﬁ@%ﬁ%%ﬁ?ﬂcan be

used. As the |load inforpation, between the above two ginds of information,

at | east one ki e VBT GRETVh W MRISHE FRELYBPEF 10T HRY S G It i on
ho the J]oad of the main engine 5, any other infornation.m fice.

?hemiontrB??e?rﬁ@eéé?FoF%EegﬁghaFPoﬁrbﬁggﬁ SﬁaPL§ éngﬁ&Jﬁﬁgéiy S%hand
i I d_the l.oad. inf ti . ut th i i 5 i t

the ari { NHEET FREATTE S5ATSIE KEAdS of TohtHer S onarie e d il the

fol | owing, are, out gyt 18 Lhe, cespeative arts of (Lhe HRC, PLORE] on

f
device 1. contr out’put s "a Mod€é€ Sw tching signa

setting tRe contLak EBARCLRN e D! (fefierdt O c2lnl Nofof8YOLYLT 20 NUMber

contr ol € Or I'n a torque’c an I nverter  conmand signa

o ory B0 e REneE Bt P ~ekcted optioi e ale
Putting motor generator 20 acts as a motor when a comparatively large
output is required to assist the propulsion of the main engine
5, or acts as a generator when only comparatively small output
is required to perform power generation.

The control in the hybrid region will be described
further concretely. As illustrated in Fig. 7, the main engine
for the general ship has marine cube characteristic in which
the output of the main engine is proportional to the cube of
the number of revolutions. As compared with the output 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 is increased for the above assist. Further, as shown

in Fig. 8, when the load is lower than the marine cube
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t he power transmi ssion clutch 7 in the connecting state (ON) or in the
di sengaged state (OFF) to the power transm ssion clutch 7. Further, the
controller 40 outputs a governor speed command signal for giving a conmand
for the nunber of revolutions of the main engine 5 to the governor 36 of
the mai n engi ne 5. In the notor propul sion region, the controller 40
outputs a control node signal for the speed control to the two-way inverter
27, and a clutch control signal for putting the clutch in the off state to
t he powerchdanstessiancclikeh the tchepety qhsttaciptiet ©f BPE | At he
di sengaged state. In this state, corresponding to a change of the steering
wheel commiepshdant pausgdthypnt hénopee atdon Wiethd g €& héEPSS, an
inverter conmmand signal for designating an increase in nunber, of
revol uti o titse quirpieen sed tdibs chrgmyme (el ap 29 2 lakia Yottt fed
command signal is output as still zero to the governor 36 of the in
engi ne 5,m¢here9?npeat@ﬁnﬁﬁgiﬁh@ﬂﬁﬁ(ﬁs[ﬁﬁﬁhﬂ%ﬁ%ﬁﬁ%%ﬁt?%lChﬁrﬁﬁiEﬁgthe mai n
engine 5 is stopped and the notor generator 20 is separately operated as a
notor. condengpdt Hé sebeGISp s o rifyi on, when the steering wheel 35
is operated for the speed control, the nunber, of revol%%b%p of the
i a

propel | er shaf tThaschuhgesths pPaFoltci SRt Farfe SIG Ikt St \Wien the
nunber of revolutions of the propeller 14 corresponding to t. i ng
wheel ' condneng| §REF LT G IFe 5SS I SWT& °r3§‘:1‘9§§c‘—’htecgr aﬁsvﬁecﬁ]ﬁg&
predet er mi ned nunber of revolutions, .a _governgr speed d. si to
reach thea§WiFEﬁFﬁbtﬁU965F°6F‘?§§6FGngHSaP§'%u?%ﬁﬁl H%%gﬁﬁg %%%gﬁﬁhfer 40

to the governor 36 .of .the main .engine 5 f onf j>r o.n hat the main
engi ne 5 %%alFﬁeSnﬁ?o#QWﬁﬁﬂ?%rﬁ?g%ﬁ%‘?8%@%?“% %?%%%hgﬁgn??o?h%ignal f or

putting t %cgagggﬁéggi%E%ﬁ%ﬁn%b%t8o£ae8EEBUEiEQhEQSeDB%@Eahﬁgﬂsﬂb5%%%2

clutch 7 e connecting state,; and a control

signal foy the Eg%ﬁ”%é"ygééuef d¥§é¥E LQe1he two-way inverter 27 to

switch the contr region fromthe tor propulsion region to the hybrid

regi on. ggagbe Qﬁbghgwhe%%iﬂ@n tihe 3hi Ruhanster operaf esnéhe

st eeri ng wheel of the speed control, a steering wheel command si gnal

propor ti Oﬂghnt@n%fﬂﬁeagtéﬁ&iﬂge ;AU dehd B o bhe sesppell erndOthand the
controller 40 outputs a governor speed comrand signal to give a command for

an i ncreaﬁgwgg PYADGMm 1Qfs IRV o ufd a7 tios thier gavermord 3Gewfagdd seaneengi ne
5 corresponding to the steering wheel conmand signal. Thus, the nunber of

revol uti ofRge0fetleaBbR @Agines> 2 s aihangesh idemmopiord iconthe téguacedati ng

anount fromthe steering wheel 35 to thereby control the nunber of

revol uti oaseetrtibaiprepsald ergenerally cover the inboard load 24 by
operaling at least one generating cngine and also charge the
condensed discharge 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 29
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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14. The controller 40 outputs an inverter command signal for a
torque command conputed by the controller 40 to the two-way inverter 27,
and causes the notor generator 20 to assist or generate power according to
t he torque conmrand val ue. Thus, the controller 40 conducts the
integrated control over the main engine 5 and the two-way inverter 27 to
snoot hly cause the transition fromthe propul sion by the notor in the notor
propul si 0B iegbpartoetihetipe gpuvat onraméni ys perfolwedhby 1% ettt tdegi ne 5
in the hybrid propulsion. Further, the nmain engine 5 can be operated in the
ef fi ci ent corgroniot sonpar ahieveinb el g eagr Het spead it ohe ddpvé /fyerut

consunpti on. ~ The operational swtching between the notor assist of
t he not orchefér &t 65 2@TasdUEHe tfovr arferaidlont e +RELABOVE™RGBr P regi on
is perforned as foll ows. In the marine cube characterjstic of_the

mai n engi AEVSlefké@msi. n thiegmororwReResd Qoad i€ ItPeharPthe s i%e cube
characteristic of the main engine 5, the controller 40 conguées "éhe | oad
out put - FRE GENBFALENS KEIHIST emgie " R PeEdn #he MAusCLaFEFTe.
Therefore, .when an inverter conmgnd signal, which is a m nus torque
comand, P$S6UEFEE F@C?ﬁ%”fﬂbJbe”?ﬁV@?f%ﬁe%7, the notor generator 20 acts
as "the generator.", so that the caondensed discharge chani sm 30 can be
char ged mﬁ?ﬁ frefjamesdied QP .§§Stem (#1g° BF

The control system in the marine propulsion device 1
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 acquire
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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When the load is higher than the marine cube characteristic of the main
engine 5, the controller 40 conputes "the |oad output - the output of the-
mai n engi ne"” to be on the plus (+) side. Therefore, when an inverter
command signal is output to the two-way inverter 27, the notor generator 20
acts as "the notor", so that the torque assist to the propul sion output of
the main engine 5 is enabl ed. The output characteristic of the main
engine 5 is known in advance, so that when the characteristic is mapped

i nt o the icorturtghltercdtre shpd inaniag-lae covdbay 06 rheclsedonsadtfi §heénabl ed
by perform ng the above conparison operation in the controller 40 according
to the pressgmllaadibutpute d¢s) osuppllybvia Poep [FENgLlep) SFPRSTITARE so on)
Referring to Fig. 2, Fig. 9 and so on, as clear fromthe above description,
the mari mef phepstetvingetiasl 35ate dedilivgats £he preReh ehBBal HEAPTESs
configured so that the power for driving the notor generatqr 20 can be
suppli ed dff G @ICRELIRE énerdt | DR gV REUD2OBNBVIRE Y SRGEFZEG ‘dischar ge
mechani sm 30. The condensed di scharge nechanism 30 is utili zeqoto make t he
capaci t y afouthet g iR i SAJERGI Re SDesHRVEENThaF IHe TR "% he

respective maxi num powers of the notor pro u'I(%i%n ag:qqthe I nboar.d | gad 24.
Si nce t helrgoverat e e (IR ot é%g‘{}t P SHRIGFA EPES 7 t he

hi gh-1 oad state, ' i ed fromthe, condensed. di !
30 Connedtat 1 $HEE T wdiidy s mAAT e ST ERIOT nE CHATI SUei DA0 S ERte i ot
char ged. “ThiSte HOLGdT P AL ROT NG EOnbBr B BT doTr L6 Shel Crse TEEe: en

el"eéctric propul Sion system

smal | er capaciti. f t t. h T i f 5 d
the i nst i Bepei e ancaie SR ol o RaFYosdiShndile 2hciRNat e 05 O

to the Preﬁgntteﬁ?qgi M t%ﬁ put 1 0L 9RRAGEL GRlU$GMdRPUHEGHE i Ng
alterati SHE5A s p f%fm %@? argeﬂj scﬁarge Eontrol (Fig. 9)
5 and the power transmission clutch 7 can be used. As the load
information, between the above two kinds of information, at
least one kind of information will suttice for it, and 1f
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 ahout
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 generator 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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As shown in Fig. 9, in the charge/di scharge control over the notor
generator 20 of the marine propul sion device 1 according to the present
enbodi ment, the controller 40 always requires the chargi ng depth
information fromthe condensed di scharge nmechani sm 30 to thereby al ways
nmoni tor the charging depth of the condensed di scharge nechani sm 30, and
controls the notor generator 20 not to be used as the generator when
reachi ng gneepbabn changhingsdeptdlotcho? ein Toeheccorrorteta; sthdecdMWol | er
40 outputs a charge/di scharge control signal to give an instruction for

st oppi ng of tharpenditenghegecordersed @ char g graediant shrI0smapdiednt rol s
the notor generator 20 controlled in the torque control node through the
two-way i n¥etter7 27 Bocttteat, the contuelbesoh®Suzeng.s FrarveHoweSI§éter at i on
by the notor generator 20 is stopped, and the charging operation of the
condensedcdinzahdr gé gmedhdmirs mid0 s aaloreghpeel slbet RarPdanage or the

| i ke of the condensed di scharge nmechani sm 30 due to overcharge can be

surel y avoededutions of the gpaar eREdRFLHhé AbBEIAEEFPHtI DA TabBEMAHe first
enbodi nent, according to the present enbodinent, the simlar effects to the
ef fect of ePH&REnventions as claimed in clainms 1 to 6 described in the

colum "Effect of the Invention" can be qgbtained in . the for cqrrespondi ng
to the respecti VB ¥hPPHGERY FHEL 2R FEG ™ 0" ﬁé:qpetstpoglcjtef ggi%l‘%/é)nlfeclsgns. 2.

S d Enbodi t (Fig. 10 Fig. 11 d ' | at

o, & Shi paocPRERad AGUE MY ioput el GiPeedi St ST Par ‘B0 tho P ot

enbodi t d f ' fi | | PLi

ot osent  eHBGRFITEHL: | cGREEPH N The UHE oPLFFRS 10t ES aerhos o1 Kre 1 st
mbodi t d ] pLi in the fi I j ted i34 abl

cI i nat 6-PnbideSEr| BFOR b (AT MPTHG Saib T erer hce &g as RIS i n T he

draw ngs %&t&q%ghﬂﬁg é%ﬁ%%%W?ﬂ“the disengaged state. In this state,

corresponding to a change of the steering wheel command signal
caused by the operation 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 is 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
ofthepropellershaftlSchangesin;moporthmatotheactuating
amount. When the number of revolutions of the propeller 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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As shown in Fig. 10, in the marine propul sion device 1 nounted on the ship
2 according to the present enbodinent, the nain engine 5 is connected to
one end side of the horizontal input/output shaft 8 of the azinuth thruster
17 (an azimuth thruster for a hybrid propul sion systen) through the power
transm ssion clutch 7, and the notor generator 20 is connected to the other
end side of the input/output shaft 8 The propeller 14 is a fixed pitch
propeller, which is sinple in structure and inexpensive. A rear end side of
a drivi ngtshafthefgaveenmi Rcengitihe 8218 enhidee beBRd affeHeRRE 1¥PRARSM ssi on
clutch 7 to utilize the driving force of the main _engine 5 for propelling

t he shi p thatardhe hee it Gigiam Sisdd (her 861t ats TeaFHe £ed SAB€aSPFRE pénp 50

t hrough a step-up gear 39 to utilize the driving force of the main_engine 5
for sprayiing @t qeiterol signal ier ghgrlelng rFftehé%éEé%’l aft $heapPng taaEer
using the fire punp 50 in the ship 2, as shown in Fig. 10 and Fi 1, the
power tr airfs FdEIEn tel HReIPIVES tdiﬁ“%@%ﬁ?ﬂeo%i@éﬁﬁbgdggt%‘f‘é,thfnﬂigFS%Lul si on
is perforned only by the notor generator 20 driven as a notor sotl'_tlhat t he
mai n engilit TereGOPREGEERT 0RFFEFor 28Fe PR e “\qq?ee SR Bfor FRE T o
the contrary, in the shi,p includi ng Ege convent i onal @.Zi ftl:thrwljl_ ter
(clutch &P EWPL L2y G5t BPF QEOTREY it e Tﬁ%l $1 6 "déevi ce as
shown in Fig. 12, it is necessary.to mount a_high-f.unctjon. lled a
full-sli &*tefgucf%fht%%iblé?%%ﬂ Rat she BRI §e &ghaglgfr}% vfu‘“%lcg’lha%%h%@a mai n
engine 5 aggl Ige azimuth thruster. In using a fire punp 50, the nunber of
revol uti hP ot tFedHeaih engine 5 is set to the maxi mum nunber of

revolutions and. constanL, ; hNe. L1 L8, RMEh the ship handler operates the

steering wheel 35 for the speed control, a steering wheel
command signal proportional to the actuating amount is input
to the controller 40, and the controller 40 outputs 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 torque 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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SOis rotated through the step-up gear 39 fitted to the front end side of
the driving shaft of the main engine 5, and for propul sion, the input of
t he maxi mum nunber of revolutions is slip-controlled by the full-slip
clutch 60 at the rear end side of the driving shaft of the main engine 5 to
be I owered to the required nunber of revolutions, and a fixed pitch
propeller is driven. In this related art, since the nmaxi mum nunber of
revol ut i ofise ins i8] epgdort B all ethe hobrsbipescont s obhi ngruhehed] ithg meysl uti on
to realize | owspeed rotation, anong the full-slip clutches 60, which are
hi gh- f uncéhgimel &t chrspeespecihakby inhéhlearddr. cdapacitggione %5 needed, so
the marine propul sion device cannot hel p costing high. Furt her,
accor di ngcewpahet tvalgnhighabngyseesperf thereilpeef fyhti AGRABARTASARG t he
fire punp 50, as described above, the full slip clutch 60 is slipped at
hi gh speed, restieioreiatiteaproblemondgbearverBat-NEo8ototoReFeEr &écor di ng
to the present enbodi nent, such a problemis not caused, and energy loss is
smal | to BhaEeneper gjenerator I ranerthadtgmigneiagiondn ithea adpive
i ncludi ng the conventional azinmuth thruster (the clutch-contained azinuth
t hr ust er ) h@8r kd naeghenpi sparsterT§syidde T Urieh only by the main engine 5
wi t hout providing an expensive full slip clutch an %thou.t a _not or
generator, when'@ &2 i @ DT FrHTA TG HE TS PF VU IThSTEHd %P a
fixed pitch propeller, the fire pu ng i s _operated by .the main engine 5
and si nul $BREBUST Y tHhe Dr SPURRI ?‘3 elssﬂicg"ec%rﬁﬁél St FEHEE By he
control of_ the vari.aEI.e itch propeller 6%. Howev t variaple . nitch
propel | _erc%ir?gt§§b§ %F\fg%, Egﬁdﬁ?bgt%gsmset udttiy §° Ec%glﬁérri %é C%r Spusi on
devi ce Inﬁ¥hé?ﬂ£%d9§1%ﬂﬁ?—eéggngh gut of the main engine” to be on the

minus (-} gide. Therefore, when an inverter command signal,

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

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

so 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 controlier 40 computes

“the load output - 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 motor generator 20 acts

as “the motor”, so that the torgque 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
controlier 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 output.
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On the contrary, the marine propul sion device 1 according to the present
enbodi nent is so constructed that propulsion is perfornmed only by the notor
generator 20 driven as a notor, and the main engine 5 nay be used only for
operating the fire punp 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 conpared with the conventional marine propul sion device
as shown in Fig. 12 and Fig. 13. 3. Third Enbodi nent (Fig. 14) Fi g.
14 is a conlrolpsygt e BpagramFol .a2mfiite gr gl storPevi ce 1' accordi ng
to a third enbodi nent, which inproves the first enbodi nent shown in Fig. 9,
and provi des a RySteninddpt &da-02inPuE - t hetFb w6l @RI oS rtfef S5 bfgt i on of
the notor generator 20 fromthe two-way inverter 27 to a controller 40

The substapeval figssuhetionpohBat BaadNEhBEEPYL SLRE FEVdCerbBICRENL S e
designated by the sane reference signs as those of Fig. 9 in Fi .144 to

el i m nat et® Hehal@as et gmbodiment 1|SnCPﬁél§Pé§éin?°e%%Hifr‘fé%tP,o‘*fergfé or
controller 40° , which controls the main engine 5 and th% t Wo- i nverter
27, al waySr hE4RPr BECi RPbPHRERBRTBL Ot he Onﬁﬁtﬁe?eoﬁup G FEHT @W}mé’ in

engine 5 and the nunber of revolutions of the notor, nerator. 20. .In

swi t chi ngtre GRTETRD 6%&@%?%@qiﬁiﬁnc?%dﬁnﬁﬁéré]dsg&éagﬁ%% m&tC%g‘ns‘v‘a“{ chi ng
Bontrol - of Gnal TP SiATRYS Aoe g eoartort 2t M ¢ na
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the contro ways nonitors utions of the main engine

R
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 shown 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
discharge mechanism 30 to thereby always monitor the charging

depth of the condensed discharge mechanism 30, and controls
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coi nci dence of both nunbers of revolutions, whereby sw tching of the
control region can be realized wthout any shock. 4. Fourth Enbodi nent
(Fig. 15) Fig. 15 is a control system diagram of a marine propul sion
device 1" according to a fourth enbodi ment, in which as conpared with the
system of the third enbodi nrent shown in Fig. 14, in order to acquire the
revol ution nunber information of the main engine 5 and the notor generator
20, revol uheomohorberngirekaps 20anceéyv dbubieom segiresr thiec RKepSTE tefr Omai n
engi ne and a revol ution nunber pickup 80 of the notor generator) are
i nst al | edreachhagr 6t aeintg ishathes g imes pedtilv edy N t A€ EENCOBIArET 40" i s
capabl e of acquiring the information of the nunmber of revolutions of the
mai n engi hbeaAantEe lieidl oLtPEES 6t FHASIGY dsehastdsr g8 et G264 rom
the respective revol ution nunber pickups 70, 80. The substantially same
conponent 051 ¥ha5el Bt F et T PR £O TenbIlp HRH O aF bR HBSRY T4t By Krrdse!
ref erence signs as those of Fi %} 14 in Fig. 15 to elimnate the
descri pti Bascharge mechamiggugh 1 FE EPRHIGh MBI GG & t he
main engine 5 is _acquired fromthe governor 36 and the reyvol uti on_nunber
i nf or mat i ATSE OLHEIrotio - e &= F0L JBRRT eGRF PRA ¢ hBSt WEOWEHY i nvert er
27 in Fig, 14, accqording to th resent enbodi ment, the respective
revol uti on™HGHEET pi'ckihd AT, tg"@potfort%e ﬁ%?‘ﬁmgﬁai hete anfoh‘f e fotor
generator 20 are.installed to.thereh ke dyal .the revoluti er
i nf or mat i SA"EEGUTTTh Yu_rﬁﬁ"tes TP AT eve Oﬁm%ﬁ %%eS%?Sng’sgﬁgorggg?s
broken, tig, ¢ontobLedk98nC8R O PULLNAL ML A LPREBREM: sm 30 is

also stopped, so that damage oxr the like of the condensed

discharge mechanism 30 due to overcharge can be surely avoided.

As clear from the above description about the 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
quoted 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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[ Reference Signs List] 1. Marine propul sion device 2._ Ship 3._ Floor as

base part 5._ Main engine 6_. Input shaft 7._ Power transm ssion nlutch
50 . Main key

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
rransmission clutch 7, and the motor generator 20 is cbnnected
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 is 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 forece of the main engine 5 for spraying of waterx.

Therefore, in the case of spraying water using the fire
pump 50 in the ship 2, as shown in Fig. 10 and Fig. 11, the
power transmission clutch 7 is pub 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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8._ Input/output shaft 9_. Upper bevel gear as first turning mechanism 11
Vertical shaft 12 . Lower bevel gear as second turning nechanism 13 . B
Propel l er shaft 14. Propeller 17 . Azimuth thruster 20 _. Mdtor generator

22 . Generation engine

50 is rotated through the step-up gear 39 fitted to the front
end side of the driving shaft of the main engine 5, and for
propulsion, the input of the maximum number of revolutions is
slip—controlledk&rthefull—slipclutchGOaﬂ:therearendside
of the driving shaft of the main engine 5 to be lowered to the
required number of revolutions, and a fixed pitch propeller
is driven. In thig 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
loss is small to save energy.

Further, as 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 gimultaneously
the propulsion of the ship can be controlled by the control

of the variable pitch propeller 61. However, the variable
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23_. Generator 27_. Two-way inverter 30 . Condensed di scharge mechani sm 35
Steering wheel as control neans 40, 40', 40" . Controller as control

50_.

Fire punp Cains [Oaim1l]

pitch propeller 61 is expensive, and in this structure, the
marine propulsion device inevitably becomes expensive.

on the contrary, the marine propulsion device 1 according
to the present embodiment is so constructed that propulsion
is performed only 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.14iseacontrolsystandiagramcﬁfanmrinepropulsion
device 17 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 motoxr
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
controller outputs a clutch control signal for putting a clutch

in the on state after confirming that both numbers of
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A marine propul sion device, conprising: a power transm ssion clutch
provided on an input shaft to transmt the driving force froma nmain
engi ne; a horizontal input/output shaft, one end side of which is connected
to the input shaft through the power transm ssion clutch; a notor generator
connected to the other end side of the input/output shaft; a vertical
shaft, one end side of which is connected to a substantially central part
of the inpavbdutpunsshkafinctieotghaapdvest tranaihgs hetahisa 4 HoEiYont al
propel l er shaft, one end side of which is connected to the other end side
of the vetbpcalusphfin theodghnacsessndtabe nidy! FECRAISs i CAMET Al Fosel | er
fitted to the other end side of the propeller shaft, in which the propeller
i s drivenSippathel FhienteEER FORF DY SpI I L¥RI [Fa YahdV ¢ ReChroopef IS tHaf t and
the propeller are revolved around the vertical shaft to set rogul ion
directi ontdf CRELIRI regionferdt tihd"Me?t ne” Propat St oh®dévicECf Grther
conprises; a controller, which Qropel s the shiﬁ in.a rogul Siﬁﬁn nod
sel ect ed FYERMLADESTL PR op ¥ Hon EVRANTETH AP ERET hBY Bt tPAMERT sEIBI ©l ut ch
put in a disengaged state, th tor. generator is driven a
mot or anci hyBF %p%&ﬁﬁffépgni‘”ﬁleﬁ gt% % R Powert " 1R ecrﬁozlsﬁolh S put
in the connectin th%te he rrgtlror ner.at or i sed t r
generatormﬁﬁil:;té) h% rin\%fﬁ%ef "7 fréar‘%edﬁ:oﬁlor%%eo i h- e%agiﬁ}l%@}l% agt%\rgqmy
| nverter conngcled.to-a ROVRL. SURR! Ve LG, CONIIY! LIS MRLOr 8engrAl gLy and
wher ei n, rt ReF Y the controlTer: perforns operdtion on recéiving input of
a 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 diagramof a marine propulsion
device 1” 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 generatoxr 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 acguiring 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 signs as those of Fig. 14 in Fig. 15 to

eliminate the description.
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steering wheel command signal output by a ship operator's handling a
steering wheel to designate the nunber of revolutions of the propeller and
| oad information on the nmain engine, outputs a node sel ect signal for
setting a control node of the notor generator to a revol ution nunber
control node or a torque control node and an inverter command signal for
driving the notor generator in the selected control node to the two-way
inverter according to the arithnetic result, further outputs clutch
control signal RbFhpuehi AgetHevpbwer R rAABREEsHOROEPE R i b tHe Widect i ng
state or the disengaged state to the power transm ssion._clutch nd further

out puts acBB¥BENSr 18 oRmERHT 8f ghaP™f e FITHHAL cd e rEVSH G S nunber
of the main engine_to the naigﬁﬁ&gine, nﬁﬁ%&gre8¥ controli}gg éggnnntor
gener at or HAPEReI PEQBIAELGR R TGt §° -9 “Uhd® ot s

the two-way inverter 27 in Fig. 14, according to the present

embodiment, the respectiﬁe revolution number pickups 70, 80

of the main engine 5 and the motor generator 20 are installed

to thereby make dual the revolution number information

acquiring units, so that even when one of the sensors is broken,

the control region can be switched without a problem.

[Reference Signs List]

1... Marine propulsion device

2... Ship

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... Generation engine
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propul sion while controlling the main engine and controlling the notor
generator in the torque control node in the hybrid propulsion. [ aim 2]
The marine propul sion, device according to claim1l, wherein a base part, in
whi ch the power transm ssion clutch, the input/output shaft and the first
turni ng nmechani smare nmounted on a top face side thereof and the verti cal
shaft is provided to penetrate the top face, is fitted to a bottom of the
shi p, and23... Geddmeatmtor generator is integrally nmounted to an upside of
the base part. [C aim 3]

27... Two-way inverter
30 ... Condensed discharge mechanisnm
35... Steering wheel as control means

40, 40f, 40”7... Controller as control means

50... Fire pump
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The marine propul sion device according to claim 1 conprising a generation,
engi ne and a condensed di scharge nechani smas the power supply. [C aim 4]
The mari ne propul sion device according to claim3, wherein the controller
nonitors a depth of charging of the condensed di scharge nmechani sm on
receiving charging depth information fromthe condensed di scharge
mechani sm and stops chargi ng of the condenseddi schar genechani sm
accordi ngt oa charge/ di scharge confdelimsi gnal given to the condensed

di scharge nechani sm when the chargi ng depth of the condensed di scharge
mechani dMlexwveédls a predetermni ned value, and also controls the notor
generator controlled in the torque control node through the two-way
inverter so fhata¥heet gifeeulsion device, comprising: a power

transmissicn 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 motor generator connected to
the other end side of the input/ocutput shaft; a
vertical shaft, one end side of which is connected to
a substantially central part of the input/output
shaft through a first turning mechanism; a horizontal
propeller 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 the marine propulsion device further
comprises: a contrecller, 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
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becones zero to avoid overcharge of the condensed di scharge nechani sm

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; and
a two-way inverter connected to a power supply to
control the motor generator, and

wherein, further, the controller:

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,

outputs a mode select signal for setting a
control mode of the motor generator to a revolution
numpber 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 command signal for
giving a command of revolution number of the main
engine to the main engine,

thereby controlling the motor generator in the
revolution number controel mode in the motor
propulsion while controlling the main engine and

controlling the motor generator in the torque control
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mode in the hybrid propulsion.
[Claim 2]

The marine propulsion, device according to claim 1,
wherein a base part, in which the power transmission
ciutch, the input/output shaft and the first turning
mechanism are mounted on a top face side thereof and
the vertical shaft i1s provided to penetrate the top
face, is fitted to a bottom of the ship, and

the motor generator is integrally mounted to an upside
of the base part.

[Claim 3]

The marine propulsion device according to claim 1
comprising a generation, engine and a condensed
discharge mechanism as the power supply.

[Claim 4]

The marine propulsion device according to claim 3,
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 mechanilsm 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 wvalue, and also controls the motor
generator controlled in the torque control mode

through the twec-way inverter so that the torque
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becomes zero to avoid overcharge of the condensed

discharge mechanism.
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