DESCRI PTI ON MARI NE REDUCTI ON AND REVERSE GEAR AND HYDRAULI C DEVI CE OF
MARI NE REDUCTI ON AND REVERSE CGEAR Techni cal Field [0001] The present

i nvention relates to an art of a nmarine reduction and reverse gear

appar at us. In nore detail, the present invention relates to a techni cal
art of a hydraulic device of a marine reduction and reverse gear apparatus
I n which outlet ports for hydraulic oil and for lubricating oil are

coll ected at one position w thout any conpl ex branched passage so as to
facilitate piping work. Furt h@BSCRIPTIONr esent invention relates to a
technical art of a marine reduction and reverse gear apparatus having an
electricity generator for inboard power supply, intended to ensure
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reverse gear apparatus reduces a driving power of the engine and then
drives a screw connected to the reduction and reverse gear apparatus by the
power . ThechmicahEBigldducti on and reverse gear apparatus is provided therein
with hydraulic
[0001]
The present invention relates to an art of a marine reduction and reverse gear apparatus.
In more detail, the present invention relates to a technical art of a hydraulic device of a
marine reduction and reverse gear apparatus in which outlet ports for hydraulic oil and for
lubricating oil are collected at one position without any complex branched passage so as
to facilitate piping work.
Furthermore, the present invention relates to a technical art of a marine reduction and
reverse gear apparatus having an electricity generator for inboard power supply, intended

to ensure efficient electric power supply in correspondence to purposes of the supplied

electric power.

Background Art
[0002]

Conventionally, there is a marine propulsion system including an engine and a marine
reduction and reverse gear apparatus for power transmission. The marine reduction and
reverse gear apparatus reduces a driving power of the engine and then drives a screw
connected to the reduction and reverse gear apparatus by the power.

The marine reduction and reverse gear apparatus is provided therein with hydraulic
clutches for forward and reverse propulsion, for PTO output and for the like, and is
provided on an upper surface of its housing case with a hydraulic pressure control
mechanism for controlling these hydraulic clutches (for example, see Patent Literature 1).

In such a ship which drives an engine for driving a propeller, the output of the engine,

in any rotational speed range, includes a surplus relative to load on the ship, unless the



clutches for forward and reverse propul sion, for PTO output and for the

li ke, and is provided on an upper surface of its housing case with a
hydraul i c pressure control mechanismfor controlling these hydraulic
clutches (for exanple, see Patent Literature 1). In such a ship which
drives an engine for driving a propeller, the output of the engine, in any
rotational speed range, includes a surplus relative to |oad on the ship,

unl ess the rotational speed reaches its maxi mum Therefore, in sone of the

ships, eafflioRAIORPELFEIcAChes YiS n@KirhSmPr THérdReE, M bémedf Bkqhipk, dath propeRpnat or

whi ch converts a part of output of the engine into electric power for

i nboar d sistenois providedavithi argelactbiaity genergtbowhishawplerts & part P&woetput bf ther at ur e
2). Patent Literature 1: the Japanese Patent Laid Open zette 2006-112471
Pat ent Le¢ngireainte eleptrictpraves £pm inboardpise st for shargingen batisre (1os esppplessreag

Di sclosure of .In enégon Probl ens to Be Sol ved by the Invention [0003] The
hydr aul i atﬁ‘?téé@ ®¢dntrol mechani smincludes a hydraulic oil passage and a

| Ubr i cat i G pgh: BASHAL: 18AGHRbe Mk Lol SOpEALARE 2004l Awrdr aul i ¢ pressure
RN T

detection neans 1ncluding a ty of pressure sensors, such as an alarm

sensor and PahORiterAGRD: theJapihekd PalentWfaiPOPEECH# 16 206HBE7490y be added or
omtted in correspondence to different specifications of the ship equipped

with the mari ne reduction and reverse gear apparatus. Therefore, an
addi ti onal piping work corresponding tq. the difference of the ship in
specifications is required tiglﬁﬁg?ﬂf‘ﬁe Q?Eﬁlﬁfﬁm{:f’fbassage fromthe hydraulic
oil passage or the lubricating oil passage and to connect it to the
pressure sensor.

Problems to Be Solved by the Invention
[0003]

The hydraulic pressure control mechanism includes a hydraulic oil passage and a
lubricating oil passage, each of which is provided with hydraulic pressure detection
means including a plurality of pressure sensors, such as an alarm sensor and a stop sensor.
Some kinds of pressure sensors may be added or omitted in correspondence to different
specifications of the ship equipped with the marine reduction and reverse gear apparatus.
Therefore, an additional piping work corresponding to the difference of the ship in
specifications is required to branch a piping passage from the hydraulic oil passage or the
lubricating oil passage and to connect it to the pressure sensor.

[0004]

Iﬁ this case, the pressure sensors are attached in a limited space above the upper surface
portion of the housing case, and on the other hand, the hydraulic circuit has locationally
preset portions to be connected to the hydraulic sensors. As a result, a portion of the
hydraulic circuit for extracting hydraulic oil or lubricating oil is limited in location,
thereby complicating layout of the piping passages.

Further, if a different kind of pressure sensor is added because of change of
specifications of the ship, at an operator’s request or for another reason, the piping
passages must be reviewed every time of the addition of the pressure sensor, and a new

portion for extracting hydraulic oil or lubricating oil must be provided in the hydraulic



[ 0004] In this case, the pressure sensors are attached in a limted space
above the upper surface portion of the housing case, and on the other hand,
the hydraulic circuit has locationally preset portions to be connected to
the hydraulic sensors. As a result, a portion of the hydraulic circuit for
extracting hydraulic oil or lubricating oil is limted in |ocation, thereby
conplicating | ayout of the piping passages. Further, if a different kind
of pressure sensor is added because of change of specifications of the
ship, at cReuiQBREeHyahcrasinOMe siumber $ffarts AAE HRMueRS 6NmahiictiicProg@sisssages
must be reviewed every tinme of the addition of the pressure sensor, and a
new por t sothaf thereex taoacfor ecpriopde amprovenoétt. or | ubricating oil must be
provided in the hydraulic <circuit, thereby increasing the nunber of parts
and the H9Er of manufacture processes, so that there is roomfor econonic

i nprovenent.. [ 0005 M the other han in,the cas ha I e ion and
reverse ge_@?l ep%tg?x]atmg, ]inst.hﬁ Vi tﬁ%oa Kﬁ?‘[“ﬁi"gﬁmg RYGEN %elgf b p@éaﬁ@sr gtpgél‘ﬁ%ésdo

descri b eQ/iﬂh%téT@nPﬁtﬁr?%ﬁerH kG éés‘éﬁﬁ'eid]in thd'Pat@R 18leAiae 1MiRlgechGapehRrsiRd to
have a capacity corfesponding to electric power for driving inplenents
consumi ngeleRe a6 davy @l Yapaéigaicorbspoadihgitd Yeleoti® power $ordérivihp lisdplsmentd an
anchor - hoi sting w nch. It results in that the electricity generator

shoul d akesuming oomparatiely griat plectsiciyt ¢.¢.c a pideethrestgypangd am anahpf-beistings
consum ng . conparatively small electricity, e.g., for inboard lighting or as

a power ¥\ e for operation devices. Further, if a separate power
generati on, equj t £ o suppl ving, snall j 1S I to be
o ovi ded db FHLS PRI e RY FabRiaRhug oGk, RRME b aALpRES |0 (e
i neffici Ui ] hbdohing lcbpARGves SRAMLICCRERD e thFinBHEH L] space
for nounti %ﬂgﬁgﬁﬁ?gﬁgn%h?hgfﬁepship.§[0006]c %ﬁggg}org, a Sﬁgggge of

the presendsd kn@te fo8 operafisrodévitesa hydraul i ¢ device of a marine
reduction and reverse gear apparatus, in which extraction ports for
hydr aul i ¢ Birthennf sephrafecroven gensrationr eguinshdnt & supriying map gactricaowear ishout
conpl ex branched passages so as to fagilitate work for pipi for a
hydr aul i EeaBH KLbEPEIded o e Tedusioniay ITENFTSSECAT FINGFaLY 19,25dP %gﬁsﬁléfg thee

Sensors. hJe%?cQJIch, there is difficulty and economic problem in ensuring a space for mounting
the equipment in the ship.
[0006]

Therefore, a purpose of the present invention is to provide a hydraulic device of a
marine reduction and reverse gear apparatus, in which extraction ports for hydraulic oil
and lubricating oil are collected at one position without complex branched passages so as
to facilitate work for piping for a hydraulic pressure detection means including a plurality
of pressure sensors.

[0007]

Further, another purpose of the present invention is to provide a marine reduction and
reverse gear apparatus having an electricity generator for inboard power supply, in which
electric power is supplied efficiently in correspondence to uses thereof without an

additional separate power generation equipment.

Means for Solving the Problems
[0008]



Further, another purpose of the present invention is to provide a marine
reduction and reverse gear apparatus having an electricity generator for
i nboard power supply, in which electric power is supplied efficiently in
correspondence to uses thereof wi thout an additional separate power
generation equi pnent. Means for Sol ving the Problens [0008] The present
i nvention provides the follow ng neans for solving the above-nentioned
probl ens. [0009] As claimed in claim1, a hydraulic device of a marine
reduct i on Pdpresine irfen@@aprodides tt feHowihg! metes fhosoddng tianabovevemsienddydr aul i ¢
clutches, a selector valve operated for engagi ng and di sengagi ng the
forward prodlensver se hydraulic clutches, a hydraulic pressure source, a
hydraul ic oi] passage extendi ng between the hydraulic pressure source and
the sel et@09P1 val ve, a lubricating oil passage, a communi cation passage
extending {raomthe.hydraulic,oil passage o the |ubricat] ' age, an
oil passa SF@?“&@P&%@FH&’&‘B¥§?§8¥§66 ?ﬁglﬂvﬁFﬁﬁ Pé#%i p%%é%%%EQZn oi
passage [farfd fEhlBORAwRICHRCErd ndifull Rikhal b aBeAb vil0O PRI T -
pressure detection neans for detectihg the pressures. The marine reduction
and revees@goligaind RARhgdgius fitas farwad faag erebate Mydruliochitylbsaual hydrawlit r ument s
thereon, and the hydraulic device further includes a source pressure
di st ri bupiessurgpbatres, athydisblic bil phssage extprabingbriweey the dydienligpresswee guseesur e of
the hydraulic oil passage .and the oil passage for.detecting the pressure of
the hydr &l the S@Pworp‘aai%eaa@lbmén%wh%é%&?e a ?wgm&@a?ttoé R3seeee ﬁ%&nﬁ% EfPinbut i on
plate is,.disposed on _a substanti.al|y cepnter rti f, the
mari ne rg‘(‘fJ@@f%‘ﬁlcaoﬁgp?s&ﬁgrtg etﬁaehét?mg%%%(ragtpﬁaés,a%gfn%{ ?ﬂé’%sszel eg o(f}&%/cgpgea and the
pressur e del £k A MERASIHALE $HsSHRES 88 ANpdsBibeStHt IREBRE adfreéshresbf fUNd the
source pPessure dis??ibu%ion‘%#igg. [OOl%]g%;As clainé% ?%Tclain12, t he
hydr aul i bdeaingeoil pisshgel and ptassies datectiorsineansefor ddiesting thatpressures.atEhear r anged
adj acent to the source pressure distribution plate, and comunicated wth
t he sourmeripe gsduetien dindt reverse i gsar pbparatus tes Ly lSurpagsi 1. mpuigingr Rydraylicof
pressure, detection neans f{o etectin re re of the lubricating oi
passage SSEUHFLSQE§OHN a"t‘%e‘-{‘? g@{dﬁ}’h’@nge‘g?‘ét 'UIEﬁEt sivdgy A éf’urfﬁoqﬁsgre As
cl ai med | j i j g r S, J:ncl udes
an’i nput CEREpROF Bk, B BRlshIGe L b Ror iaclitt fe pfedBlor MPRIRRIS e L0F
for transmidel 4 hBQildpds¥el FoP A¥RELIHOthe pRésie! dfehe hidrallis bil PhSageibit shaft
connected to a main electricity

connected. The source pressure distribution plate is disposed on a substantially center

portion of a surface of the marine reduction and reverse gear apparatus, and the selector
valve and the pressure detection means are disposed on the surface so as to surround the

source pressure distribution plate.

[0010]

As claimed in claim 2, the hydraulic device further includes an instrument distribution
plate arranged adjacent to the source pressure distribution plate, and communicated with
the source pressure distribution plate through piping. A plurality of pressure detection
means for detecting pressure of the lubricating oil passage are disposed on the instrument
distribution plate.

[0011]

As claimed in claim 3, a marine reduction and reverse gear apparatus includes an input

shaft for receiving a driving power of an engine, an output shaft for transmitting the

driving power to a propeller, a first PTO output shaft connected to a main electricity



generator so as to transmt the driving power to the main electricity
generator, a countershaft for reversing and transmtting the driving power
to the output shaft, and a housing case supporting the input shaft, the
out put shaft, the first PTO output shaft and the countershaft, so that the
i nput shaft is arranged in parallel between the first PTO output shaft and
the countershaft. The marine reduction and reverse gear apparatus further

i ncl udes a second PTO out put shaft provided in parallel on an outer side

portion génerdisr ROUS 1 tramsheit bk \iaivehg! powed be tho widier«dvaidity aadrdibie asecond
PTO out put shaft is connected to an auxiliary electricity generator for
smal | el emintérshafiofve reversing ynd fratGhiiting the ddviag pewer to theaiutnud shatheandwr i ne

reducti on and reverse gear apparatus further includes an openin rovi ded
in a si dBOUSiRG ease sepporte thewapuh ghath dbe supwathalts &6#@%@68&&%?@%&4 a
second PJIO housi ng.cas ort] he second PTO.qu shaf

det achab ‘%ﬁ"‘f‘%ﬁ‘g& §oo?l}aﬁl§)éégg>ﬁt ngaé gn?imélgggé? ptaﬁ%lglu%%&\%\% (t:h% {iﬁgﬁggcond PTO
out put s RIS ogki co t y I;a%gg] As

cl ai ned ?ﬁ&%ﬁ gl?d% ,@H?e%%%%gToqgﬁﬁoﬁgwsﬁg%@nf%g nﬁ%ﬁ?%ﬁaﬁ and the

count er shafher BicRidad 4 ge6ad PTOdNepus st mbadédnh mdlleboeambutersidematimsof ower as
approachi ng the countershaft, and the second PTO output shaft is di sposed

sl ant wi stheupwaing dasowutveed dooum the ceuntdrshafl, @od 4he secand ATE waput shafl & m 6,

t he housing case is diyvided into upper and | r parts by .a parting face on
whi ch r espeeted & apaxiligry elggtiity genesies fgm”bﬂf&g%%’?w‘frl‘?&gﬁ’lﬁput shaft and

t he count&rgﬂaft are joined to each other, and the first PTO output shaft,
the inpu é ft and the countershaft are rotatably supported on the parting

face. Effeg! c19fmddnf clai¥ aNiHe MarliRPddheti D EndHe088O fedr Y SRAtLORIrBET iRBIRAENE
fol | owing effects. [0016]
an opening provided in a side surface of the housing case outward from the countershaft,
a second PTO housing case supporting the second PTO output shaft and detachably
attached to the opening, and a gear through which the second PTO output shaft is
interlockingly connected to the countershatft.
[0013]

As claimed in claim 5, the first PTO output shaft, the input shaft and the countershaft
are aligned on the same slanted surface which becomes lower as approaching the
countershaft, and the second PTO output shaft is disposed slantwise upward from the
countershaft.

[0014]

As claimed in claim 6, the housing case is divided into upper and lower parts by a
parting face on which respective axes of the first PTO output shaft, the input shaft and the
countershaft are joined to each other, and the first PTO output shaft, the input shaft and

the countershaft are rotatably supported on the parting face.

Effect of the Invention
[0015]
The present invention brings the following effects.

[0016]



According to claim1l1, ports for extracting the hydraulic oil and

| ubricating oil can be di sposed on the upper surface for nounting hydraulic
i nstruments thereon around the source pressure distribution plate, so as to
shorten the pipings therefromto relevant instrunents such as pressure
sensors, thereby reducing the nunber of parts and the nunber of manufacture
processes. Further, the source pressure distribution plate facilitates
addition of a pressure sensor or pressure sensors. [0017] According to
claim 2, t)%l@coﬁc‘liﬂ%@d chaim Qf porte it WkRadliagahé hpdralikesib asdilubkieatingroibedndst easi |y
wi t hout any conpl ex piping nmenber. [0018] According to claim3, electric
power cadispesed uppthicaperf fur€icerfor monntitg bydravliti instnmenty therean aiongd ghepower

generation equi pnent_in correspondence to how it is used, there i mprovi ng
economi c8ures pressuss djstribytionoplate, g @s/ta; %&?@“?Ib\?{lq BiPHES, tﬁ?‘ﬁ@(”i’i‘aﬁ F‘Fié’la%td uction

° t : S o
output siareRrar SRE T foSREc reBF SOGHE R Hehbior SRR S
change ofyM6&! OP midiPshlre pro€&S&di NEirther, Cthd! dBurde pfeSsu?& (RAMLIDE PlateP Ut

shaft can be disposed wthin the lateral width of the housing case so that
t he mari fRilltetedigddition ehachréssinersssof eepresdnfeaseatons does not have to form an
addi tional sideward projecting part, thereby conpacting the housing case.
[0021] [0&d@brding to claim6, the first PTO output shaft, the input shaft

and the countershaft capn easjly be. instal]ed.into the housin ase, thereby
reduci ng tAEORLRS & clgim £§§%ﬂlﬂr ity Plressuedetsotion H@F“é"’o‘iﬁng&‘fﬁ’&ri‘q%& 8IS, Bri ef

Descri Pt {afloR any 26mpleR Yo mediBar]
[0018]

According to claim 3, electric power can be supplied efficiently without additionally
providing a power generation equipment in correspondence to how it is used, thereby
improving economical efficiency.

[0019]

According to claim 4, the marine reduction and reverse gear apparatus can easily be
provided with the second PTO output shaft for the auxiliary electricity generator without
elaborate change of design.

[0020]

According to claim 5, the second PTO output shaft can be disposed within the lateral
width of the housing case so that the marine reduction and reverse gear apparatus does not
have to form an additional sideward projecting part, thereby compacting the housing case.
[0021]

According to claim 6, the first PTO output shaft, the input shaft and the countershaft
can easily be installed into the housing case, thereby reducing the number of assembly

processes and thereby reducing costs.
Brief Description of the Drawings

[0022]



Fig. 1 is a perspective rear view of an entire construction of a marine
reduction and reverse gear apparatus according to an enbodi nent of the

present invention. Fig. 2 is a rear view of the entire construction of
the mari ne reduction and reverse gear having a hydraulic device. Fig. 3 is
a plan view of the entire construction. Fig. 4 is an enl arged

fragnmental view of the marine reduction and reverse gear apparatus. Fig. 5
is a hydraulic circuit diagramof the hydraulic device. Fig. 6 is a plan

view of a squgcCleisprespetteredicat view Wi iaf Rnfieadofistruction bf @ mafink $eductiortlendvi ew of
an instrument distribution plate when viewed along arrows Cin Fig. 4. Fig.
8 is a cuavemsagearapparhtyd aenordiog ti arcambodihergodthe present]:ingenngm s a sectional
side view of .the marine, reductlon and reverse gear .apparat usaé\\%nen vi ewed

al ong arr ondig 3 i aegr visw of the epfire cpgstyuctign §§(§lﬁ @ﬁ%‘l‘e UrHOR; B IEYCISE gear
arrangenent ,of. th reductlon and reverse gear apparatus. Fig. 11 is
a perspe§?F98w9$3§W§$m¥%§§ ear arrangenent . ) PP °

Fig. 3 is a plan view of the entire construction.

Fig. 4 is an enlarged fragmental view of the marine reduction and reverse gear
apparatus. |

Fig. 5 is a hydraulic circuit diagram of the hydraulic device.

Fig. 6 is a plan view of a source pressure distribution plate. |

Fig. 7 is a side view of an instrument distribution plate when viewed along arrows C
in Fig. 4.

Fig. 8 is a conventional hydraulic circuit diagram.

Fig. 9 is a sectional side view of the marine reduction and reverse gear apparatus
when viewed along arrows B in Fig. 2.

Fig. 10 is a sectional plan view of a gear arrangement of the marine reduction and
reverse gear apparatus.

Fig. 11 is a perspective view of the gear arrangement.

Fig. 12 is a perspective view of surroundings of a second PTO output shaft.

Fig. 13 is a plan view of the surroundings of the second PTO output shaft.

Figs. 14 (a), (b), (¢) and (d) are sectional views of the second PTO output shaft,
when viewed along arrows D, E, F and G in Fig. 13, respectively.

Figs. 15 (a) and (b) are sectional rear views of the second PTO output shaft and a
countershaft, showing their arrangement relations, (a) showing them in 1500 rpm style,
and (b) showing them in 1800 rpm style.

Fig. 16 is a perspective rear view of an entire construction of a marine reduction and
reverse gear apparatus provided with an observation window according to another
embodiment of the present invention.

Fig. 17 (a) is a plan view of the observation window, and Fig. 17 (b) is a rear view of

the observation window.



Fig. 12 is a perspective view of surroundings of a second PTO out put shaft.
Fig. 13 is a plan view of the surroundi ngs of the second PTO out put shaft.
Figs. 14 (a), (b), (c) and (d) are sectional views of the second PTO out put
shaft, when viewed along arrows D, E, F and Gin Fig. 13, respectively.
Figs. 15 (a) and (b) are sectional rear views of the second PTO out put
shaft and a countershaft, showi ng their arrangenent relations, (a) show ng
themin 1500 rpmstyle, and (b) showing themin 1800 rpm style. Fig. 16

IS a perspeqigVi® i§ & perspéctive MHewddT a@niltematieOsttrvaidn window. a marine reduction
and reverse gear apparatus provided with an observati on wi ndow according to

anot her enbodi nent of the present invention. Fig. 17 (a) is a plan view
of the observatl on f\(vl ndow, and Fig. 17 (b) is a rear view of the

observat i CWPH@@V@ H10Ns8 | s a perspective view of an alternative
observat i @% ndow Descrl ption of Notations [0023] 1narine reductl on and
reverse g ?’ appar atus 2i nput shaft

marine reduction and reverse gear apparatus
input shaft
output shaft

2

3

4 first PTO output shaft

5 second PTO output shaft
6 countershaft

7 housing case

10 hydraulic device mounting surface

27 reverse gear

30 second PTO gear

31a  opening

35 lower housing case

51 source pressure distribution plate

52a  pressure sensor (pressure detection means)
52b  pressure sensor (pressure detection means)
54 instrument distribution plate

202  hydraulic pump (hydraulic source)

203  forward friction clutch (hydraulic clutch)
204  reverse friction clutch (hydraulic clutch)
206 forward-reverse selector valve

210a hydraulic oil passage

303 lubricating oil passage

303a lubricating oil passage

309 communication passage

502  propeller



3out put shaft 4first PTO out put shaft 5second PTO output shaft

6count ershaft 7housi ng case 10hydraulic device nounting surface 27reverse
gear 30second PTO gear 3la openi ng 35l ower housing case 51source pressure
distribution plate 52a pressure sensor (pressure detection neans)

503  main electricity generator

504  auxiliary electricity generator

Best Mode for Carrying out the Invention

[0024]

Next, explanation will be given on embodiments of the present invention.

Firstly, explanation will be given on a hydraulic device of a marine reduction and
reverse gear apparatus.

Fig. 1 is a perspective rear view of an entire construction of a marine reduction and
reverse gear apparatus according to an embodiment of the present invention. Fig. 2is a
rear view of the entire construction of the marine reduction and reverse gear apparatus
having a hydraulic device. Fig. 3 is a plan view of the entire construction. Fig. 4 is an
enlarged fragmental view of the marine reduction and reverse gear apparatus. Fig. Sisa
hydraulic circuit diagram of the hydraulic device. Fig. 6 is a plan view of a source
pressure distribution plate. Fig. 7 is a side view of an instrument distribution plate when
viewed along arrows C in Fig. 4. Fig. 8 is a conventional hydraulic circuit diagram.
[0025]

[Marine reduction and reverse gear apparatus 1]

Firstly, referring to Figs. 1 to 4, explanation will be given on an entire construction of a
marine reduction and reverse gear apparatus 1 having a hydraulic device of the present
invention. Hereinafter, right and left directions are defined on an assumption that an
arrow A in Figs. 1, 3 and 4 is directed forward.

The marine reduction and reverse gear apparatus 1 is directly connected to an output
shaft of an engine 501 (see Fig. 9), and includes an input shaft 2 for receiving driving
power of the engine, a gear mechanism for reducing and reversing the inputted driving
power, an output shaft 3 for transmitting the power to a propeller 502 (see Fig. 9), a first
PTO output shaft 4 for transmitting the power to a main electricity generator 503 (see Fig.

9), a second PTO output shaft 3 for transmitting the power to an auxiliary electricity



52b pressure sensor (pressure detection neans) 54instrument distribution
pl ate 202 hydraulic punp (hydraulic source) 203forward friction clutch
(hydraulic clutch) 204 reverse friction clutch (hydraulic clutch)
206f orwar d-reverse sel ector valve 210a hydraulic oil passage 303l ubricating
oi | passage 303a lubricating oil passage 309 conmuni cati on passage 502
propeller 503main electricity generator 504auxiliary electricity generator
Best Mbde for Carrying out the Invention

generator 504 (see Fig. 9), a countershaft 6 arranged between the input shaft 2 and the

second PTO output shaft 3, and a housing case 7 rotatably supporting the input shaft 2,
the output shaft 3, the first PTO output shaft 4, the second PTO output shaft 3 and the
countershaft 6 through respective bearings (not shown).

[0026]

The marine reduction and reverse gear apparatus 1 has the housing case 7, and the
input shaft 2 and the output shaft 3 are inserted into the lateral center portion of the
housing case 7 to be aligned in parallel and downward in this order. The first PTO
output shaft 4 is inserted into the housing case 1 on the left side of the input shaft 2, and
the countershaft 6 is inserted into the housing case 1 on the right side of the input shaft 2,
so that the first PTO shaft 4, the input shaft 2 and the counter shaft 6 are aligned in
parallel and rightwardly downward in this order when viewed in front.

[0027]

At the upper right side of the countershaft 6, the second PTO output shaft 3 is
detachably attached to a side surface portion of the housing case 7. The input shaft 2,
the output shaft 3, the first PTO output shaft 4, the second PTO output shaft 3 and the
countershaft 6 are drivingly connected to one another through a plurality of gear
mechanisms in the housing case 7. Therefore, in the housing case 7, the inputted power
of the input shaft 2 is transmitted through the output shaft 3 to the propeller.

© [0028]

The input shaft 2, counter shaft 6 and first PTO shaft 4 are provided thereon with
respective hydraulic clutches, i.e., a forward friction clutch 203, a reverse friction clutch
204 and a PTO friction clutch 213 (see Fig. 5).

[0029]

By engagement/disengagement switching operation of the forward and reverse friction
clutches 203 and 204, the rotational direction of the output shaft 3, meshing with the input
shaft 2 and the countershaft 6 through the gear mechanisms, is switched so as to switch
the forward/reverse traveling of the ship. By engagement/disengagement switching

operation of the PTO friction clutch 213 provided on the first PTO output shaft 4, the

10



[ 0024] Next, explanation will be given on enbodi nents of the present

i nventi on. Firstly, explanation will be given on a hydraulic device of a
mari ne reduction and reverse gear apparatus. Fig. 1 is a perspective rear
view of an entire construction of a marine reduction and reverse gear
apparatus according to an enbodi nent of the present invention. Fig. 2 is a
rear view of the entire construction of the marine reduction and reverse
gear apparatus having a hydraulic device. Fig. 3 is a plan view of the
entire Copghticatdfitemainielbctritity gefdtatonisamnieted srogroght al  vi ew of the marine
reducti on and reverse gear apparatus. Fig. 5 is a hydraulic circuit diagram
of the hj®a@ulic device. Fig. 6 is a plan view of a source pressure
distribution plate. Fig. 7 is a _side view of an_jpstrunent distribution

pl at e wherflydraglisginsirenentareaygied éorjgperstige the fqrvver.dl gwflgn gﬁﬁ@hg@nt@‘@ﬁfl

appar at ubiciph et 2 PPhoanifin i3 GG R BUbeb A FERE PRY

gi ven onpapiebid£ construction of a marine reduction and reverse gear
apparatus 1 faving a hydraulic device of the present invention.

Her ei naf fom31] ri ght and left directions are defined on an assunption that an
arrow Ain Figs. 1, 3 and 4 is directed forward. The marine reduction and
reverse gedpreappeifiedllysasishowndi Figst 3 gndbrthebousing wsahisoorperd thetear it an

engi ne 501 (see Fig. 9), and includes an input shaft 2 for receiving
driving poysRuks mﬂ%@“@ﬁ onting sygfage éﬂ‘?a‘ﬁ]i“g‘iﬁ?flﬁ)tf:r'?iléﬂﬁﬁffdnﬁ’ué‘?‘?@r?sé\}@r si ng

the i nputte R p . out I P . power to
a propel ! W%gg% ?fgg%slﬁ%§?5§§€d1%n ic?rgc%r %{#@%86%%?5 psef%esl@?;ég‘ #g?@&%ﬁgﬁ tting
the povefeiQ Roffng QHEEE 10, nl%eBENRIRE Welcefd? VaBRE afid the We ard dipesad PTO
out put shaft 3 for transmtting the power to an auxiliary electricity

gener at ofirobfidithe Se@cEp@ssudd disttibotemplateshaft 6 arranged between the i nput
shaft 2 and the second PTO out put shaft 3, and a housing case 7 rotatably
supporti¥§32he input shaft 2, the output shaft 3, the first PTO out put
shaft 4, the second PTO output shaft 3 and the couptershaft. 6 through
respecti vel eSQP‘l’cﬁé%eS?‘HSldngl‘FgWﬁ?.p T?)glzé‘iwes a"FI’f’eﬁﬁ%ﬁ‘i"ﬂ eré’&ﬁﬁ?‘i’ro%grﬁﬁﬂlg? ever se
gear appgay . Sing: t i S t he

ot put " PR ot bl E U, Ging 0oL pri, dEcdabll, PREMosth el 0 g
case 7 t§ beoahnl@R@tdoh Pahaba30el copisurbl@evangdiailié Rilspaesaber210aheith iar st PTO
out put shaft 4 is inserted into the housing case 1 on the |eft side of the
i nput shhabticinganiblpaseageci0Bat e Aspiping ©rvisg anadiypass passage tI0@a hobeinchpdcase 1
on the right side of the input shaft 2, so that the first PTO shaft 4, the
i nput shfiem shydraplicied sidsnertéon efithe corsmypigatign; paswge PR ﬁa?Sa'louﬁqu@ﬁa the

1 ght mrl%lrcﬂ/'alﬂl%vgl\l\ﬁa{vgné &etsglllr%e %{'eggurre\{\@ﬁl% s\(/)lur%\é%geslsﬁ]refd’is?rq{guﬁon plate 51. A

piping serving as a bypass passage 307b is branched from a lubricating oil side portion of

the communication passage 309 so as to introduce the lubricating oil having the source
pressure to the source pressure distribution plate 51.
[0033]

The source pressure distribution plate 51 is surrounded by a pressure sensor 52a,
serving as pressure detection means, disposed forward therefrom, a second relief valve
305 disposed rearward therefrom, a forward-reverse selector valve 206 and an
electromagnetic-controlled pilot valve 209 disposed rightward therefrom, and pressure
indicators 53a and 53b, serving as pressure indication means, disposed leftward therefrom.
These instruments surrounding the source pressure distribution plate 51 are connected to

the source pressure distribution plate 51 through respective pipings including a piping
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[ 0027] At the upper right side of the countershaft 6, the second PTO

out put shaft 3 is detachably attached to a side surface portion of the
housi ng case 7. The input shaft 2, the output shaft 3, the first PTO out put
shaft 4, the second PTO output shaft 3 and the countershaft 6 are drivingly
connected to one another through a plurality of gear mechanisns in the
housi ng case 7. Therefore, in the housing case 7, the inputted power of the
i nput shaft 2 is transmtted through the output shaft 3 to the propeller.
[0028] pdfResd 3076l Nhably, Bydragidprasurshabé led tate pliratkity oPhisiratiad presbusr e
provided thereon with respective hydraulic clutches, i.e., a forward

fricti ondeteetionmeas, meludmg @:esmessuretﬂenm seruand futrzating il arertptvéred Eomon
clutch 213 (see F By en nt [ di.sengagenent switching
oper at i oY PPH%W 118?483 platherseurce P?"é?‘}‘gﬁlsmb&ﬁ’%g]g“%?, and 204, the
rotationgg % rection of t he out put shaft 3, nmeshing with the input shaft 2
and the 3 ershaft 6 through the gear nmechanisns, is swtched so as to

swi tch th }EﬁhﬂﬁEQAﬁﬁM%kﬁﬁmﬁﬁﬁY@@Tng of the ship. By
engagenment/ di sengagenent sw t ching operation of the PTO friction clutch 213

provi ded oNeitheefbiringt toPFi@. Gy tepplanstivafl twild bet fieen opeamichtie cinstrisetionaoin
electricity generator is switched on or_ off. [0030] Hydraul ic instrunents
requi r edhy ﬂulwpélrcattloﬁghYﬁéuliQﬂm‘pbmﬁ?vha@tSHbWOeI utch 203, reverse friction

the. housi nEie dedestic ciguh pr tﬁwﬁvéragﬁéfqoﬁ{r megteg: o el By 2ng 4,
t he houskgé}aon %%Bhﬁa&ﬁ%g ! R8Rc inas Eylgcﬂgl!u{ god. Nstrument nmounting

surface I scusse ourc ressure distribution plate
51 is prngng on a center portlon of an upper surface of the hydraulic
devi ce nmounting surface 10, and relief valves, selector valves and the |ike
ar e di sposkithtlgy exphutiatidrewicher gieenporethe bydradicssil supply arcup8f.e 51.

The hydraulic oil supply circuit 200 has two systematic hydraulic oil routes 210 and
212.

A pair of hydraulic pumps 202 pump hydraulic oil filtered by respective suction filters
201 so as to deliver pressurized hydraulic oil to the respective hydraulic oil routes 210
and 212.

[0036]

One hydraulic oil route conducts hydraulic oil through the hydraulic oil passage 210a
to the pilot valve 209 and the forward-reverse selector valve 206, and then supplies the
hydraulic oil to either of the forward friction clutch 203 and the reverse friction clutch
204 through respective hydraulic oil passages 210b.

[0037]

The other route conducts hydraulic‘ oil through a hydraulic oil passage 212a to an
electromagnetic-controlled clutch on/off valve 215, and then supplies the hydraulic oil to
either of the PTO friction clutch 213 and a neutral brake 216 through respective hydraulic
oil supply passages 212c and 212b.

[0038]
A pair of pressure sensors 52c¢ are provided to detect respective pressures of hydraulic

oil in respective hydraulic oil passages 210b between the forward-reverse selector valve
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[ 0032] The source pressure distribution plate 51 serves as a place where
ports for extracting hydraulic oil and lubricating oil, having source
pressure, are collected. As shown in Fig. 5, a conmmunication passage 309
comuni cates a hydraulic oil passage 210a with a lubricating oil passage
303a. A piping serving as a bypass passage 307a is branched froma
hydraulic oil side portion of the communication passage 309 so as to

i ntroduce the hydraulic oil having the source pressure to the source

pressur e 206 sid thevdshedtive faivarddnd révdbdfritdos elutcha203%and 204 pass passage 307b
is branched froma lubricating oil side portion of the comunication
passage B@B90 as to introduce the lubricating oil having the source
pressure to the source pressure distribution plate 51. [0033] The source

€n .
pressure dlke Prohdraplicgibrogtes {passagep) #1L7d0) By 2242 L grepokided Wik,
serving as_pressure detectio an di sposed forwar.d t I econd
relief vEF® cn§8?‘l igggég%v?se%qﬁ?aa}eﬁeﬁ%tﬁr%%ecté\pef %@r{\kfg?sd{h?%@g rsglglinsg:?szct or
val ve 206; b G : ijpt val ve 209 di sposed
ri ghtwar 18%%@%%{r?]%gg%gp%rgg%ggﬁlgggg%{a?gt@ggﬁ%g' and 53b, serving as
pressure[00ad] cati on neans, disposed |eftward therefrom These instrunents

surrounding the source pressure distribution plate 51 are connected to the
sour ce pr eSahref diesehéfbalvasr209| istsupplied withayhackpmsease.i e Wieiressyre efcl udi ng

i pi 307c. ly, hyd | i b d .th
o1 r 1 1y resmee b e s SHRU R AP B 8 H PRI ur o
L VBl dreadi s dppessiicetbracts $5u
ol T oct ofith s BEVHEE 2 el SRR I MBS ol Ul ok BEF RARINE T C

control BREPARGEILAREAs a pré@tite sef B R §grid@ O Fig. 5, explanation will be
given on an entire construction of hydraulic circuit of a hydraulic control

mechani spoo40p. The hydraulic circuit of the hydraulic control mechani sm
100 mai nly includes a hydraulic oil supply circuit 200 and a |ubricating
oi | suppl yNeitrexplanagoowill] eogwin qr the {ubyicatingnibsyaplysircwit B90-be gi ven on t he

hydraul i ¢ ]Qlllel lugrlilgtﬁlng oﬁ is{lﬁ:p'lj)il E:ir&(l)tOS‘OO has a lubricating oil route 303.

In the lubricating oil supply circuit 300, a surplus of the hydraulic oil mainly used for
actuating the forward or reverse friction clutch 203 or 204 is sent as lubricating oil to
lubricated parts such as bearing parts. A part of the lubricating oil is conducted to the
later-discussed source pressure distribution plate 51, and is drained to the oil tank 207
when its pressure is larger than a pressure set by the second relief valve 305.

[0042]

The lubricating oil supply circuit 300 includes a drain oil passage 304 for draining the
hydraulic oil discharged from the PTO friction clutch 213 and/or the neutral brake 216, or
the hydraulic oil, whose pressure is higher than a set pressure of a third relief valve 306,
to the oil tank 207.

[0043]

The communication passage 309 is branched from the hydraulic oil passage 210a. A
hydraulic oil pressure regulating valve 208a, an oil filter 302 and an oil cooler 301, which
are discussed later, are connected to the communication passage 309 in this order.

[0044]
The hydraulic oil having passed through the hydraulic oil pressure regulating valve
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The hydraulic oil supply circuit 200 has two systematic hydraulic oi

routes 210 and 212. A pair of hydraulic punps 202 punp hydraul ic oi
filtered by respective suction filters 201 so as to deliver pressurized
hydraulic oil to the respective hydraulic oil routes 210 and 212. [0036]
One hydraulic oil route conducts hydraulic oil through the hydraulic oi
passage 210a to the pilot valve 209 and the forward-reverse sel ector valve
206, and then supplies the hydraulic oil to either of the forward friction
clutch 208821diliehal Byewerdiefilidri 302] Breosledttythe@dl doblepdgty andshactdasteeshaydr aul i ¢
oi | passages 210b. [0037] The ot her route conducts hydraulic oil through
a hydr aulubcicating gphsssage 303Ra The hydraglie ofl reachigg ¢hd lubdenting oilipessags 3A3bh on/ of f
val ve 215, and then supplies the hydraulic qil to _either of the PTO

frictioniscdividedhsothat gpgipart thetrof & supphisdeaslybricating of it thegresspresst BY eaul i ¢

i | | 2 d . i
are provioaht FRASHNE 005 BRReT hIRrieHRE Rl aeseb A0is &l p BLFSRY CF ORIRO L2, Pl
hydraul i Parf frobiaSe A0ER 1%&99%@&%\'9?%& tHeCOthQ" R a8 IR AncteloqRs Ol 1l ve 206

and the tespective torward and réeverse friction clutches 203 and 204.
[0039] 20he two hydraulic oil routes (passages) 210 (210a) and 212 (212a)
are provided with respective first relief valves 205 branched from
respecti [4pbrti ons thereof serving as discharge oil passages of the

respective_hydraulic pu
P Theybypass passggen?

87a21%25ranched from the communication passage 309 at the
upstream side of the hydraulic oil pressure regulating valve 208a, and is connected to the
source pressure distribution plate S1.

Two systematic routes of branching (oil) passages are provided within the source
pressure distribution plate 51. One route is connected to the bypass passage 307a, a
piping passage 307e communicated with the pressure sensor 52a, and a piping passage
307d communicated with the pressure indicator 53a. The other route is connected to the
bypass passage 307b, a piping passage 307f communicated with a plurality of pressure
sensors 52b, a piping passage 308 communicated with the second relief valve 305, and
the piping passage 307c communicated with the pressure indicator 53b. The bypass
passage 307b is communicated with the lubricating oil passage 303.

[0046]

Namely, the bypass passage 307b is branched via the other route in the source pressure
distribution plate 51 to the piping passage 308 and to a plurality of detection passages.
The detection passages are connected to the respective pressure sensors 52b for detecting
pressure (source pressure) of lubricating oil iﬁ the lubricating oil route 303, and to the
pressure indicator 53b. The piping passage 308 is connected to the second relief valve
305.

An instrument distribution plate 54 is disposed between the pipes to respective pressure
sensors 52b and the source pressure distribution plate 51 so as to facilitate piping to the
pressure sensors 52b.

[0047]
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[ 0040] Each of the relief valves 205 is supplied with a backpressure,
I.e., the pressure of hydraulic (pressurized) oil delivered fromthe
hydraul i ¢ punps 202, and has a spring so that each relief valve 205 drains
excessive hydraulic oil to an oil tank 207 when the backpressure exceeds a
pressure set by its spring. [0041] Next, explanation will be given on the
| ubricating oil supply circuit 300. The lubricating oil supply circuit 300
has a lubricating oil route 303. In the lubricating oil supply circuit

300, a surRlpdschéd pdxSadey@ilabdage)dvinged pluyality 6l etterctias pod isngotibled inor war d
or reverse friction clutch 203 or 204 is sent as lubricating oil to

| ubri cat éet ipsinneens distribatiobplatei g  Eetof thefexractiongforts ireconnéatédcthrdugh thsi | i s
conducted to the later-di scussed source pressure _distribution plate 51, and
i s dr ai nipirgpassage 3PT1 to dhasopire nRprewreidisiritytion plateS] and ig cgmmupicy él‘“g‘r essure
set by the ,second reli valve 305. [00 The lLubricati |1 ply
circuit F5OPYPAM Iﬁi’a&gerﬁgp’a?lﬁi tg‘F |09&§%g%cg%%@grt§ 8¢ %eﬁf?%" F%erg%fat?‘g’gl ic oil
di schar ged. ik W @bk dnGhl R0 ~ VK Qe fiBeyneut ral brake 216,

or the h?%rsauﬁeél%(}?ﬁ %osgehq%%%séﬁﬂe&ﬁg I gher t(gaenﬁg'ezs)ét pressure of a
third refgoaB] val ve 306, to the oil tank 207. [0043] The conmuni cati on

passage 309 is branched fromthe hydraulic oil passage 210a. A hydraulic
oi | pr essuMethatfor switclgng firverd208 agvesss foctionfdlutclags 209 2ndiAeHlan oi | cool er

309" 1 't hi et rglamat oW DB gaPRUTEE of e fRrV R TBHOL B TR O e
hydrauli ¢ Qlsk sRERE MG s@eY! ati ng valve

The switching operation of the forward and reverse friction clutches 203 and 204 is
performed by the forward-reverse selector valve 206, and the switching operation of the
forward-reverse selector valve 206 is performed by the pilot valve 209.

[0049]

Each of the forward-reverse selector valve 206 and the pilot electromagnetic valve 209
can be switched among three positions, i.e., a clutch neutral position N, a forward clutch
communication position F and a reverse clutch communication position R, the forward
and reverse clutch communication positions F and R being disposed at left and right sides
of the neutral position. The pilot valve 209 is communicated at an outlet port thereof
with a left or right operation port of the forward-reverse selector valve 206.

[0050]

The pilot valve 209, when being at the clutch neutral position N, communicates the left
and right operation ports of the forward-reverse selector valve 206 with the oil tank 207
so as to switch the forward-reverse selector valve 206 to the clutch neutral position N, so
that the forward friction clutch 203 and the reverse friction clutch 204 are communicated
with the oil tank 207, thereby disengaging the forward and reverse friction clutches 203
and 204.

[0051]
The pilot valve 209, when being switched to the forward clutch communication

position F, conﬁnunicates the hydraulic oil passage 210a with the right operation port of
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208a is filtered by the oil filter 302, is cooled by the oil cooler 301,
and then reaches a lubricating oil passage 303b. The hydraulic oil reaching
the lubricating oil passage 303b is divided so that one part thereof is
supplied as lubricating oil at the pressure set by the second relief valve
305 through a lubricating oil passage 303c to a plurality of bearing parts
provided in the housing case 7, and the other part thereof is drained to
the oil tank 207. [0045] The bypass passage 307a is branched fromthe
communi C@ld PPvAESERIR stlkicrtvalRe06PSs be tmtaukél pilbt plessuby thr auwlitckingithe
pressure regul ating valve 208a, and is connected to the source pressure

di st ri buforeardetestse Selector Mabves3G4 el dormand ekitahf commuuicatip position fassages
are provided within the source pressure distribution plate 51.. One route is
connect edhewsfarpehe ipdiguligad passacsdilp is éommﬂf@teﬁa@-@sgg B9rRYRTTC at ed

with the pressure SQ 2 an i pin sage .307d co ni.cat W th
the pr es§%? o5 WHY%Zﬁ M g“?af?ﬂ’éar tﬁ&&"‘f@ﬂ%@%} @%ﬁ%bé’c?rg&g?gqﬁ éforg')?%gss
passage ﬁ@&ﬁncﬁt&%ﬂg passage 307f communicated with a plurality of
pressure sensors , a piping passage 308 communicated with the second

relief vpdose] 305, and the piping passage 307c communi cated with the
pressure indicator 53b. The bypass passage 307b is communi cated wth the
| ubri cat i ngndh¢ ofiws hayd tBePilof 9461209, Whew bpingtsvatchgp ie thepreversgeldrb i s
branched via the other .route in the sourﬁe pressure disérébu%&o giate 51
to the pFRPAYnisatiomnpesitiogRa fompmynicales (he, hydryulis o @pssags oH éﬁ% T The

d i d h i 52b f
det oot | nEPRRRGCFCo e FFRARGELES: fekctol el EBR oyt o PARF EPIG MERRRILS: 2201 1o
oi | rout EWQ%%Wfo&wmfdt}%v&gﬁawt@r mg&o g@& @ 1R3RvertBRIREP cHgmPAREAGE 308 is

connected to the second relief valve An instrunent distribution

pl at e S54positich RpoTheredfsrtyenhydisuliol gikpassage esMedd corampniestsd rtbroagingloy s 52b
and the source pressure distribution plate 51 so as to facilitate piping to
t he presSuwerdseswerse selg2er. vahGo20p] with the reyessrcfiistion slisi04( Bicreby£8828i8  havi ng
a plurality of extractio rts is provided in the instrunent distribution
pl at e 54thegayerss Pﬁ‘é"gﬂcggﬁ& on ports is connected through the piping
passage g?)éé]to the source pressure distribution plate 51 and is

communi ¢ wi th the bypass passage 307b, and the other extraction ports

glr Si c 3 n ggonggegllsﬁg%ﬂi??g;sﬁggg%ﬂ%i@ 2[9% g}g]uﬁae@ SRR with a1t aslay viles pesy i ve
which prevents the forwarci or réverse friction clutch 203 or 204 on the turn from being
suddenly engaged.
[0054]

As mentioned above, the hydraulic oil pressure regulating valve 208a i§ connected to
the communication passage 309 so as to regulate the pressure of hydraulic oil by use of
hydraulic oil from an on/off selector valve 211 formed integrally with the forward-reverse
selector valve 206.

[0055]

The on/off selector valve 211 can be switched among three positions, i.e., a center
neutral position N and left and right communication positions T, and is formed integrally
with the forward-reverse selector valve 206 so as to be switched together with the
forward-reverse selector valve 206.

[0056]

In this regard, when the forward-reverse selector valve 206 is set at the neutral position
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[ Method for switching forward and reverse friction clutches 203 and 204]
Next, explanation will be given on switching of the forward friction clutch
203 and the reverse friction clutch 204. The switching operation of the
forward and reverse friction clutches 203 and 204 is perforned by the
forward-reverse sel ector valve 206, and the sw tching operation of the
forward-reverse selector valve 206 is perforned by the pilot valve 209.

[ 0049] Each of the forward-reverse sel ector valve 206 and the pil ot

el ect r ompg ARt dnfof¥ Sd1¥ordRBreCaN iD8ls6 Wétiat ichea Bl 1Bsitioh S8 sP@StotdofMiunidate. , @
clutch neutral position N, a forward clutch conmunication position F and a

rever se elbatkcthamdernofitheatieass qngage vabve H)Sht wich fheroibtavk 200 se that hydradicut ch
comuni cation pasitions F and R being disposed at left and right sides of

t he neut PRIPTEwYTIEdgHD ismpat sppnlist to, epaclogmbsr. c onmuni cat ed at an outlet port
t her eof g&%? a left or right operation port of the forward-reverse sel ector
val ve 206. b050] The pilot valve 209, when being at the clutch neutral

posi tion Ny, LGOI 82 Bl PEpdoflof B i@t oiPPRRERE RiBuRAKE SaRE 2088 is |

§
forward-reverse Sel ector va%\)/e 2060 wth the oﬁé tank 7207 So as to switch

the forwafegtly @v@dSens sd dat hie hyataubic 81 résourt hegubdting alve0B4 Alncfioss dsiaon N, so
that the forward friction clutch 203 and the reverse friction clutch 204

are conmrahief agled witlt fow edied ipressamak whereby thiydrashy otli (peasspuized @il) Heont dhenar d and
reverse frjctjon clutches 203 and 204. [0051]. . The pil ot val ve 209, when
bei ng swhYdadis PE‘“P%@O?O‘FVFSIFBS%I gf”@ht oLﬁﬂH‘H 531108 PEECt 1%% oughy Rfuni cat es

e e PR IR A I B AR S e,
swi t chi ”g)OBE'F forward-reverse sel ector valve 206 to the forward clutch
conmmuni cation position E Therefore, the hydraulic oil passage 210a is
conmmuni cat@g thid btheg haiid) ewtenr tharfdewed-esveesesel eetol oalveal0teis28Gtahed o e
forward friction clutch 203, thereby engaging the forward friction clutch
203. [ 00fgyvard clutch communication position F or the reverse clutch communication position R,

the on/off selector valve 211 is switched to corresponding one of the communication

positions T so as to communicate the back chamber of the release engage valve 208b with

the hydraulic oil passage 210a, so that hydraulic oil is supplied to the back chamber.

[0059]

Therefore, this hydraulic oil gradually increases the relief pressure, so that each of the
forward friction clutch 203 and the reverse friction clutch 204 is operated for its
engagement by gradual increase of hydraulic pressure, thereby being prevented from
being suddenly engaged.

[0060]

[Method for switching PTO friction clutch 213]

Next, explanation will be given on switching of the PTO friction clutch 213.

The switching operation of the PTO friction clutch 213 is performed by the clutch
on/off valve 215.

A communication passage 310 is branched from the hydraulic oil passage 212a
between the hydraulic pumps 202 and the clutch on/off valve 215, and a hydraulic oil

regulating valve 214a is disposed on an intermediate portion of the communication

passage 310. The hydraulic oil released from the hydraulic oil regulating valve 214a is
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On the other hand, the pilot valve 209, when being swtched to the reverse
clutch comruni cation position R, comuni cates the hydraulic oil passage
210a with the left operation port of the forward-reverse sel ector valve
206, so as to cause a pilot pressure for switching the forward-reverse
sel ector valve 206 to the reverse clutch communication position R
Therefore, the hydraulic oil passage 210a is conmuni cated through the
forward-reverse selector valve 206 with the reverse friction clutch 204,

t hereby gngRdithGubhe [ubRNaiSEoil pdseideBV4E, tHé SirdeUef vRRR38b and AMébriduakigul i C
oil supply circuit 200 is provided therein with a clutch delay val ve 208b
whi ch preﬂgaﬂsagdiﬂﬂbftomhnantiankw’bverse friction clutch 203 or 204 on the
turn fron1be|ng suddenl y engaged. [0054] As mentioned above, the
hydraul i 801 pressure regulating valve 208a is connected to the

by se g?uﬁ%F@‘&?’is%‘%gffﬁ‘%?‘F At R GhkLE Gmbnt Bif BBt B at coral 1 y
with the,Lorardasenes Eﬁgﬁ%‘ng%ﬂ% ﬁa&ﬁm&&cm ot and 4 BgtcRiRhfa g%éx% ect or

val ve 211°Can‘be switc ree p05|t|ons i.e., a center

posi ti oncommndich®dd pésibn 7.9 hﬁh@@]ﬁtﬁhﬂbrﬂ@ﬁf ivalveX1Si ik icomsnuhicatedatiah duvlléfmd
integrally with the forward-reverse selector valve 206 so as to be swi tched

t oget her side tportt thereb D threugh- the\hyrdswlis elilessipply pasbage 22@6 Willo 686E TO ririctirs
regard, when the forward-rever tor valy s set neut r al
posi t i onclutgh Z1Aeordhoyeh thedvdrautie 03 ‘FRX@Y Qzﬁageglgb Sthdhe neyiral ﬁ@kﬁgfﬁ ral

position d}kzg as to communi cate a back chanber of the rel ease engage val ve
208b vvith oil tank 207 so that hydraulic oil (pressurized oil) is not

suppl i ed tp,d fgchBrbAGARRRES; wh@r(lg at the clutch neutral position N, communicates
the PTO friction clutch 213 and the neutral brake 216 with the oil tank 207, thereby

disengaging the clutch and releasing the brake.
[0063]

The clutch on/off valve 215, when being switched to the clutch engaging
communication position Y, communicates the hydraulic oil passage 212a with the
hydraulic oil supply passage 212¢ so as to supply hydraulic oil to the PTO friction clutch
213, thereby engaging the PTO friction clutch 213, and simultaneously, communicates the
hydraulic oil supply passage 212b with the oil tank 207, thereby releasing the neutral
brake 216.

[0064]

Similarly to the forward and reverse friction clutches 203 and 204, to prevent the PTO
friction clutch 213 on the turn from being suddenly engaged, a clutch delay valve 214b is
provided with the hydraulic oil regulating valve 214a between the hydraulic oil passage
212a and the lubricating oil passage 304a. A back chamber of the release engage valve
214b is communicated with the hydraulic oil supply passage 212c¢ to the PTO friction
clutch 213.

[0065]
In this regard, the clutch on/off valve 215, when being at the clutch neutral position N

or the clutch disengaging communication position Z, communicates the back chamber of
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Therefore, in this case, a spool of the hydraulic oil pressure regulating
val ve 208a is greatly wthdrawn, so that the hydraulic oil pressure

regul ating val ve 208a functions as a relief valve with low relief pressure,
wher eby hydraulic oil (pressurized oil) fromthe hydraulic punps 202 is
rel eased fromthe conmmunicati on passage 309 through the hydraulic oil
pressure regul ati ng valve 208a and is sent to the lubricating oil passage
303. [0058] On the other hand, when the forward-reverse sel ector valve
206 is syHetreleask kpabb&alvera@bdvied eHeChil @207 thadughnthe d8idiadutio ol spplyne
reverse clutch comuni cation position R, the on/off selector valve 211 is
swi t chedpassaged1Res pbrthisrgse thee rohiefiressuxerafithé bydrawdic gposgulatng vaive3l4es t o
comuni cat e the_back chanmber of the rel ease engage, val ve 2?8b W th the
hydraul i & bW pNaemdee shtgh oweth yalve Byariaget @t &g Cl”é"%sﬁﬁ?}’ﬁ‘la #9518 the back

P . urrr e !
orter prabaiion SNE Rl el vhibaba® bed PRl IRBETR, T

reverse firi&i ¥ 85k ' IR nelY] Paaskeal
i ncr easefso(%r s‘g?gﬁ‘k#tc&%r}égéglrli?ﬁ?her etg{yé %ﬁen%f%rtg\r}gﬂt ed fr oanMbgi ngé%uddenl y
engaged. 304206 hdn\haé bluethf vofs valve Dl 1§ LT the clutdhalisenpagingcatd@imibletian,

explanation will be given on switching of the PTOfriction clutch 213.

The swi t positinn Bpeumliioef hyldraubie oibapplyingdhé neutral brake2 Y0118 draingskthropgh#he by t he
clutch op/off val ve 215. A co ni.cati Qn passage 0 is branched fromthe
hydr aul i BydspuliGpiregglatmg valva2ldgdo.the lypricaiieg Pﬁ‘ség%%ﬁ%% 202 and the clutch
on/ of f V@é%ﬁfl& and a hydraulic oil regulating valve 214a is disposed on
an inter te portion of the comrunication passage 310. The hydraulic oil

lr el eased f@Qelditer WA, 34t eh Ghélhtch SFIGRIAIND 145k ¥RitdHediao Hife clBtcR Eﬁ?@iﬁgh rough a
ubricating ol passage 304a, the third relief valve 306 and a Tubricating
oi | passegemBfiéstidnopdsitonoyY, the 20 #{3%on [cAAEN213 is communicated with the back
chamber of the release engage valve 214b. When the PTO friction clutch 213 is going to
be engaged, the hydraulic oil is supplied to the back chamber of the release engage valve
214b so that the relief pressure of the hydraulic oil regulating valve 214a is increased
gradually so as to increase operation pressure to the PTO friction clutch 213, thereby
preventing the clutch from being suddenly engaged.
[0067]
When the clutch on/off valve 215 is switched to the clutch disengaging communication
position Z, the hydraulic oil passage 212a is communicated with the hydraulic oil supply
passage 212b so as to apply the neutral brake 216. Simultaneously, the PTO friction
clutch 213 is communicated with the oil tank 207 so as to be disengaged.
[0068]
The above-mentioned hydraulic control mechanism 100, in this embodiment, has the
source pressure distribution plate 51, on which extraction ports for detecting pressures of
the hydraulic oil and of the lubricating oil are collected, thereby facilitating attachment of
pressure sensors and pressure indicators, and shortening pipes.
[0069]
[Source pressure distribution plate 51 and instrument distribution plate 54]

Next, referring to Figs. 3, 4, 6 and 7, explanation will be given on details of the source
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The clutch on/off valve 215 can be swi tched anong three positions, i.e., a
clutch neutral position N, a clutch engagi ng conmuni cation position Y and a
cl utch di sengagi ng conmmuni cati on position Z. The clutch on/off valve 215 is
- conmuni cated at an outlet side port thereof through the hydraulic oil
supply passage 212c with the PTO friction clutch 213, or through the
hydraulic oil supply passage 212b with the neutral brake 216. [0062] The
clutch on/off valve 215, when being at the clutch neutral position N,
comuni careQard distribUtidr platetsil @ind chefnsthurddnd dantbutibe phutei54.al Hareiakdder2dghtwi t h t he
oil tank 207, thereby disengaging the clutch and rel easing _the brake.

[0063] arfiheftalineciidnscan¢ definedadnyen 2ssBmptipie tha e mrovwitis g Bo4tard &cisut ch
engagi ng_comuni cati on position Y, comruni cates the hydraulic oil passage
212a wi t#iracked fardul i ¢ oi | supply passage 212c so as to supply hydraulic

oil to the,PTO friction clutch. ther i.ng P lfon
clutch Zlgljhea??&rcsei R{?ﬁué%&su%stﬁl&l? %:ﬁﬁtﬁuﬁfés: eag 8?(%29 ﬁ%?ﬁéﬁf‘?c"%@ég pply
passage st ' itRQ Hlurk S TN Palda@asbMand PE NEHe éxddmdlr ake
216. [00 %Bcﬂgﬁslfgﬁ? t{hgtretﬁit;%t?ozpwartc-lll@and rﬂevea?se friction clutches 203
and 204, foi@ offievsatcetpiessitt Qistribution plute b Litsafot Rindted o thheoftthis enfbodimedngi ng
suddenly engaged, a clutch delay valve 214b is provided with the hydraulic
oi | regudmsitit may\aitemetively he pelygeral, eyliadtisali onanatherdprm pakydhifecan have Bikd t he

| ubricating_oil_ passage 304a. A back chanber of the rel ease engage val ve
214b is @Bﬁhﬁfﬁféélt@asa%ﬁ'h the hydraulic oil supply passage 212c to the PTO
friction J@l': ch 213. [0065] In this regard, the clutch on/off valve 215,
when bei [198 the clutch neutral position N or the clutch disengaging
communi Catd PghoRSint Fx?” 6Za R ofadfafie kb@cd pedssird AMpebutioh plitbe&1rgdsease
engage valve 214b with the oil tank 207 through the hydraulic oil supply
passage ét@etion poitdi66a,cElbeand e opériedf orpside smd euppkr strdadey diexedfi andoisl

regul ating val ve 214a is |low. Wien the clutch on/off valve 215 is set at
the cl utevidedthesein yoigh theoril pessagedt®commupicatingsWith dhe gxtracHan PRES R)#r aul i ¢

punps 202 to the comunicatio assage 310 is drained t ugh..the. hydraulic
oi | regu?®h al Vele35AY1PY 0? Hg: 9 i@%ﬁs}lﬁ?g‘ﬁ%f‘f)&bo&élgtag 13@%5&@@3& t he
clutch o ff  valhv i i i 1 i on

posi 1 orb 61 Blniaere dbfocitn e bl oty BERGPAIAIEpRATIITIGEY 2", §
drai ned §fik eeail faguch Bl bamhriugicaiihg wRE Heaixtagionglove 62d,4dbland 6he | ubri cating
oi | passage 304a. [5066] On the other hand, when the clutch on/off valve
215 i s sy@oftlhed to the clutch engagi ng comuni cation position Y, the PTO
friction clutch 213 is conmmuni cated with the back chagtagr of t.he rel ease

engage valkhe extupstionnper 60p ipventecied: ioothecPynash Pessess S04 Hglefopteengaged,
t he hyd lic.oil i | ed k.chamher. ;
vatve. 9 Gtion' aer 304 G bk oL ApEBEH ifRERRGleSt MR i RRaR SIR0C

val ve 2 IS, | r al j RASOnARERl) P8 RERaRUre to
t he PTOl?A?rg?SI(l:lfel o%ﬁ%ﬁgggﬁlvglz??&t hyeegﬁragrﬁgélgg{t%elt@he clutch fr oﬂr}n bei ng

suddenl ysepggaRadhrough the piping passage 307e, and the extraction port 60c is connected to

the pressure indicator 53a through the piping passage 307d.

On the other hand, the extraction port 61a is connected to the bypass passage 307b and
is led to the lubricating oil passage 303b (see Fig. 4). The extraction port 61b is
connected to the second relief valve 305 through the piping passage 308, the extraction
port 61c is connected to the pressure sensor 52b through the piping passage 307c¢, and an
exfraction port 61d is connected to the pressure indicator 53b through the piping passage
307c.

[0072]
As shown in Fig. 4, the source pressure distribution plate 51 is detachably attached to
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[ 0067] When the clutch on/off valve 215 is switched to the clutch

di sengagi ng communi cation position Z, the hydraulic oil passage 212a is
comuni cated with the hydraulic oil supply passage 212b so as to apply the
neutral brake 216. Simultaneously, the PTO friction clutch 213 is

comuni cated with the oil tank 207 so as to be di sengaged. [0068] The
above-nenti oned hydraulic control nechani sm 100, in this enbodi nent, has
the source pressure distribution plate 51, on which extraction ports for
det ect i nghedéen®s Portsonodf thb&pparchutite 6f thi lhoadinl edsetby bolty orctht ilikg. OThe ar e
collected, thereby facilitating attachnment of pressure sensors and pressure
i ndi cat oseyrcaumessire rdistributipnpplptess! [sopogided Sorward threfsernrveith thet presurd on

plate 51 and instrunent distribution plate 54 xt, referring tq Figs. 3,
4, 6 and SSORR A ARaaEh thireiTony Vit g‘érﬁewdd@flﬁﬁl 1§ V%ﬁbé,h%glgwaﬁdcgleregrpgssur e

di st 11 bulsong ! e, S0 LRE.SHIATRN Ly ich! IBULLARPIALE: Sve 200,

Herei nafter, "rig rections are on arr assunption’ that an

arrow A iidhvidr@Sherdtrot Wit the beselirt 8diSHords 093Wadid. 53b, TRE 1SAWEES BIrRaRMT €
distribution plate 51 is nade of a rectangul ar parall el epi ped nmenber, and

i s for metherdéfeone imithwhé pressupd sensdriSey. of oil passages 60 and 61. The external
formof the source pressure distribution plate 51 is not limted to that of
this enbd@7dknt, and it may alternatively be polygonal, cylindrical or

th f ly if it h t | |, i f oil . 070 As
oot ORIl bS58, A R B3t B LRGP ST B o
51 h : I 6 Sl f
oL e NS BB SR e SARREY ARy BB o e

the extr gkdrieAthgRRbdsStabifieuting @bnRHoPOthe MstrBREntd Ahl kQRlcR prdtSurs MssCe
pressure distribution plate 51 has extraction ports 6la, 61b and 61c opened

on side g0F4upper surfaces thereof and is provided therein with the oil
passage 61 communicating with the extraction ports 6la, 61b and 61lc.

As mentioned above, according to the present invention, in the hydraulic device of the
marine reduction and reverse gear apparatus 1, including the forward and reverse friction
clutches (hydraulic clutches) 203 and 204 and the forward-reverse selector valve (selector
valve) 206 operated for engaging and disengaging the friction clutches (hydraulic
clutches) 203 and 204, the hydraulic oil passage 210a extends between the
forward-reverse selector valve (selector valve) 206 and the hydraulic pumps (hydraulic
pressure sources) 202, and the communication passage extends from the hydraulic oil
passage 210a to the lubricating oil passage 303a. The piping passage (oil passage) 307¢
for detecting the pressure of the hydraulic oil passage 210a and the piping passage (oil
passage) 307f for detecting the pressure of the lubricating oil passage are connected to the
source pressure distribution plate 51, the source pressure distribution plate 51 is disposed
on the substantially center portion of the hydraulic instrument mounting surface 10 of the
marine reduction and reverse gear 1, and the forward-reverse selector valve (selector
valve) 206 and the pressure detection means, including the pressure sensors 52a, 52b, ...
are disposed on the hydraulic instrument mounting surface 10 so as to surround the source
pressure distribution plate 51.

[0075]
Therefore, due to the piping of the bypass passage 307a branching from the hydraulic
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[ 0071] The extraction port 60a is connected to the bypass passage 307a,
is led to the conmuni cati on passage 309 (see Fig. 5, and then is

comuni cated with the hydraulic oil pressure regulating valve 208a. The
extraction port 60b is connected to the pressure sensor 52a through the
pi pi ng passage 307e, and the extraction port 60c is connected to the
pressure indicator 53a through the piping passage 307d. On the other
hand, the extraction port 6la is connected to the bypass passage 307b and
is |ed toiltgeeidnudf the @binfginivation passage3 B0 seatingghe Aydradlivcoit phssagd i on
port 61b is connected to the second relief valve 305 through the piping
passage 308 withéhedubricating oil pessage 803a, the hydranbic piddaviog thesoprce prissuse sensor
52b through the piping passage 3Q7c, and an traction rt _61d is
connect edfitiaduesdeini e Soiiree pregiuee disiibyggn Pﬁf%ﬁﬁ h @miet rﬁ{jﬂ%&é@é@ &%307¢.
[0072] As.sho in_Fig. th rce.pre r ' I: O, i's
det achab Pi}’%na% \?Agc feB lgel I?aﬁsggg g’r(l) t% g ﬁ’rpcg P&#O’%&gftﬁ? ﬁiéﬁ%%{p'}g %islu%‘rgé:rgggft l§et1 he
housi g eapfdiciolPAsksbe0o! e hbrk@tind BR hatiHp HRe RAuBRSHERUR i§ ikttdautddon pl ate
51 is provided forward therefromw th the pressure sensor 52; rearward

t her ef r ointwtHelsotule pesageadistriblutied plad 3ie 305, rightward therefromwith the

forward-reverse selector valve 206 and the pilot el ectronmagnetic valve 209,
| ef t war d[@07€éf efrom with the pressure indicators 53a and 53b, and leftwardly

f dt f ith th 52b. [0073 A di.ngly, th

br csour e SOHEHH dest s desi” Tiared STB, tneabi pors FDATHIE Whe | | ke
e . ' i ' 51,

Cher aby DRAf B Sirck BralP U e WG pSAULACRIARSHL (O bkl AL ® 21

reduci Ng4Rr &uBeH BresfRd -cah U7 ddllecte@Sorli® thé QH@Le FoQ¥@e ESEBLEIMPlate 51he
present inventioh, in the hydraulic device of the marine reduction and

rever se g@deesrdmghathetpipses o thermastiudienty, sueh af trepasssurasehsoe¥2x; searfged oh ithen
clutches (hydraulic clutches) 203 and 204 and the forward-reverse sel ector
val ve (s8ppetseritacgf the hopsing epserTatsedhortencdang agicARPI PIRING ENGRISiTeRitche
friction_,clutches (hydraul.ic cluytche 203 and 204. the ,hydraulic,0i
passage Jf ye?‘f"é‘ﬂ&’é‘yﬂg@tm\éﬁ% I‘fgef'ﬂ’r‘%ro‘f?gm?’é s@?e‘?}%l?e\{v%ﬁ%se’(ng | ect or
val ve) nﬁggcggg the hydraulic punps (hydraulic pressure sources) 202, and
the co nicat1on passage extends fromthe hydraulic oil passage 210a to
the | ubrigayj ng oil passage 303a. The piping passage (oil passage) 307e for
detecting the pressure of the hydraulic oil passage 210a and the piping
passage (dnla qaseHiged! 30Fulit oircuitdssbowndn Fige8 phe pessuse sensorh 824 el 32bat i ng

oi | passage are connected to the source pressure distribution plate 51, the
sour ce pHEsRrgssEreyingiGaigsy Opemng| Bpeans theliks asoicattersd onnRIPSH FEH LREYER | y
center portian of .the hydraulic.,instrtu t t.i sur.face 10 of the
marine r SRR O nARGUPL RS e cﬁegy&i?hcarrlggptaﬂgoﬁlg’mﬁﬁﬁ- P gvgtﬁ%rgg% i g%ttyor val ve
(selecto e r; t I i {4

br essur oogiickfhe BYing Qoutl? IRNGRSETR 8 SRGRCORIRAIED UL pUIA: N

mount i ngsdiiéd pressuiddis@ibasor plafls T, ahgipkditd e presurprsessdw §2:darmlt $Ahthd on

plate 51. [0075] Therefore, due to the piping of the bypass passage 307a
br anchi nprefsuperintdicatdry $Bawaingd S3b and the like can be collected into the vicinity of the
source pressure distribution plate 51.
[0078]

As aresult, the piping routes for hydraulic oil and lubricating oil are simplified, thereby
facilitating work for piping for the detection of the pressure sensors 52a and 52b, and
thereby economically reducing the number of assembly processes.

[0079]

In future case that an additional pressure sensor or the like is needed in correspondence

to change of specification of the marine reduction and reverse gear apparatus 1 or the like,
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oil portion of the conmunication passage 309 conmuni cating the hydraulic
oil passage 210a with the lubricating oil passage 303a, the hydraulic oi
havi ng the source pressure is introduced into the source pressure

di stribution plate 51. On the other hand, due to the piping of the parall el
passage 307b branching fromthe lubricating oil portion of the

communi cati on passage 309, the lubricating oil having the source pressure
is introduced into the source pressure distribution plate 51. [0076] Due

t o t hesealpagipenassigesilyCoanand B0 Bparehetraationapdrt operpdr é1s tHeosoulgedr aul i ¢
oi |l having the source pressures in the two hydraulic oil routes and for
| ubri cat pregsusé Histrébution plabeeSk oueasdy pranshed andopassdsethrayigh dleq somresrpresstifee sour ce

pressure distribution plate 51. Accordjngly,. the pipes o e instrunents,

such as @ﬁ@bmle%glﬁf‘e%er@arse@?é}s r&moa?éége éﬁle& ﬁeﬂﬁﬁ’gg? ctoa# 8 P3te e

housi ng g@gﬁ:Y, is shortened and no conpl ex piping route is required,

t her eby Smi cally reducing the nunber of parts and the nunber of

assenbl ygmggﬁesses. [ 0077] In a conventional hydraulic circuit as shown
, t

in Fig. e pressure sensors 52a and 52b, the pressure indicators 53a

and 53b arThd prirdlitk ®fgiressseasdnssre b2bnfopi deesting presswad Linr the rlelspmtng \oél
extraction ports for hydraulic oil and lubricating oil, thereby greatly
conpl i capissagep3(5i arg attechedsto andineheeinstryment iféstpbusion milate o andrEet pregsyre

provi ding the_source pressure distribution plate 51, .the pi to the
pressur eg@é AT 5 CB?B%“PH% %‘Fé%sgﬁp’é’n{)‘ll’fgtf‘gﬁtﬂ%lr%la@g’ﬁ a&ﬁgﬁ%%’r%?nd t he

| i ke can | | [ GL A e source pressure distribution
pl at e 51?@%]8(%@?%%5@g%?é&??}e%gﬁﬁfa%ﬁa {:;3(?@)Ut es for hydraulic oil and
Iubricathnglpil are sinplified, thereby facilitating work for piping for

t he detection of the pressure sensors 52a and 52b, and thereby econom cally
reduci ng tRefemingheFigf/, hedastinmenpdistibates plafeB#79 ] rectangulantmangber sdecht hat an
addi tional pressure sensor or the like is needed in cornes&Pndence to

change ofs Ispikse blfapediwihem vistved e fioat iand isrrgvided Brongridderapiens e Bgpar at us
L et SO BTl S B RORE i B B R BRI L0
o1, Do R EIRONAR ATSH G ChIL S Mokl S sisensor
communicated through the piping passage 307f with the source pressure distribution plate
51 (see Fig. 4), and the other end of the through hole 38a is closed by a plug or the like.
[0082]
A plurality of communication holes 54b (see Fig. 4) extend perpendicular to the
through hole 38a, and are opened on an upper surface of the instrument distribution plate
54 at predetermined intervals. The communication holes 54b are communicated through
the piping members 55 with the pressure sensors 52b, and the pressure sensors 52b are
provided on the apparatus distribution plate 54 sideward from the respective
communication holes 54b so as to be aligned in parallel. Accordingly, the source
pressure distribution plate 51 is communicated with the pressure sensors 52b through the
through hole 38a, the communication holes 54b and the piping members 55.
[0083]
As mentioned above, the instrument distribution plate 54 is arranged in the vicinity of

the source pressure distribution plate 51 and is communicated through the piping with the

source pressure distribution plate 51, and the plurality of pressure sensors (pressure
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[ 0080] The plurality of pressure sensors 52b for detecting pressure in
the lubricating oil passage 303 are attached to only the instrunent
distribution plate 54, and the pressure sensor 52b are communi cat ed t hrough
the instrunent distribution plate 54 and the source pressure distribution
plate 51 to the bypass passage 307b. [0081] Referring to Fig. 7, the
instrunment distribution plate 54 is a rectangul ar nmenber which is L-1ike
shaped when viewed in front, and is provided in one side portion thereof
with a tidereagh hod) 380 forhe BeteGiorxdfenesaredh anglublieating it pussage 308 aect i on of
the one side portion of the instrument distribution plate 54. One end of

t he t hr odighosed|an B8anstemeohrigtibotiore olateh pbumeretyethginsesaere sersoays2Boar wit h
the source pressure distribution plate 51 (see_Fig.. 4), and the other end
of the. t RISRETCAIN capaecied 18 hsauiepng ofPatyass B any Popeiss piping
pIuraIité1 fe?onnunication hol es 54b (see Fig. 4) extend perpendicular to
the thro é%ﬂhdle 38a, and are opened on an upper surface of the instrunent
di stribufagea) pl ate 54 at predetermned intervals. The communication holes
54b are conmuni cated through the piping menbers 55 with the pressure
sensors 52Anothadsphfeccopimaaststion eleSdband2be proeidpd vihd @édtramehthdistapp@omt us
distribution plate 54 sideward fromthe respective conmmuni cation holes 54b
so as toplste 54 itygenespang so fittug| addifonoricd prgssure sensos o1 theeliksr oserging to
distributjon plate 51 is c ni cated, wi.th t e pressure sen orﬁ 52b t hrough
the thr oGeHERdNeSPEEACAOR0 ATIRS, Fodystion, pad T8 eag\‘?i‘rtaﬁgarﬂﬁ‘ﬁi §" t€hber s

55. [008 Nty e, the. | i St 1 ' 4 s
arrangedﬁ%ﬁh?ﬁ%&gﬁtﬁkggﬁqgagﬁﬁ “gaﬁ@%gﬂ§?§§§ﬁ§%“*?@ﬁ?@@ﬂ%{gﬁ pdg%g‘ 1 and
IS connugkgﬁﬁggx&&{ough the piping with the source pressure distribution
plate 51, and the plurality of pressure sensors (pressure detection neans)
52b for {0085Hetection of pressure in the lubricating oil passage 303 are

di sposed on the instrument distribution plate 54, whereby the pressure
sensors 52Nexaexniangriomivilhbe givsa oagilerdiae pewercsupply afithe marhe Ffustion gk sage
303 wi thout any conpl ex piping nmenber. [0084] Anot her spare communi cation
hol e 54b™ Y& BE¥ provi ded in the instrunent distribution plate 54 to

cor r espondibo filh HeRpBAkIERNViAl JF B HERUESHEARA ofd mbiifle W€ &RT di N ! O

change of ‘sfeci on of the nmarine reduction and reverse gear apparatus
1 or forraRakhesr dppasaR.actdiéingy al eabbdiiedt HOthephsentatkntibnnaligexisract i on

hol e for the additional pressure sensor.

rear view of the entire construction. Fig. 9 is a sectional side view of the entire
construction. Fig. 10 is a sectional plan view of a gear arrangement of the marine
reduction and reverse gear apparatus. Fig. 11 is a perspective view of the gear
arrangement. Fig. 12 is a perspective view of surroundings of a second PTO output
shaft. Fig. 13 is a plan view of the surroundings of the second PTO output shaft. Figs.
14 are sectional views of the second PTO output shaft. Figs. 15 show arrangement
relation between the second PTO output shaft and a countershaft.

Fig. 16 is a perspective rear view of an entire construction of a marine reduction and
reverse gear apparatus provided with an observation window according to another
embodiment of the present invention. Figs. 17 are plan and rear views of the
observation window. Fig. 18 is a perspective view of an alternative observation window.
[0086]

[Housing case 7]

Firstly, referring fo Figs. 1 and 2, explanation will be given on construction of the
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[ 0085] Next, explanation will be given on electric power supply of the
mari ne reduction and reverse gear. Fig. 1 is a perspective rear view of
an entire construction of a marine reduction and reverse gear apparatus
according to an enbodi nent of the present invention. Fig. 2 is a rear view
of the entire construction. Fig. 9 is a sectional side view of the entire
construction. Fig. 10 is a sectional plan view of a gear arrangenent of the
mari ne reduction and reverse gear apparatus. Fig. 11 is a perspective view

of the gRaksi da88'9 6 RImarinkFedutiion sndreP@iSHRE bppagatd Bw of surroundi ngs of a
second P170 out put shaft. Fig. 13 is a plan view of the surroundi ngs of the

second PD8@ut put shaft. Figs. 14 are sectional views of the second PTO

out put shaft. Figs. 15 show arrangement rel atjon_between the second PTO
out put shahs shoven ia Kigdhietherhepsing ‘3asPi7g.thelll’.’)P‘i@i‘%{'IEI 59‘?‘%6%’?? %ﬁr:;e%‘e few of an

or ovi ae AP Bead R PRI TOGHIEE B Ao I ShafrdRRis ASARRENY o, 1
\F/)vir ﬁ;gw Hbé%ﬂ%%ﬁﬁ'd ektefifed ih th@ HreRhaRAANELAGRT THeusiE dalie7 Q0 F&kiKalLy on

I's a perspective view of an alternative observati on w ndow.
[0086] [ HRumblROntatheee fartk] ifé,t dnyuppeh@usiigngrsé 81, gmiter hoasing 2ased2pindraat i on
w Il be given on construction of the housing case 7 of the nmarine
reduct i olovamdonsngecase3gear apparatus 1. [0087] As shown in Fig. 2, in the
housi ng case. 7, the input shaft 2, the output shaft 3, the first PTO out put
shaft 4, [Q088] second PTO output shaft 5 and the countershaft 6 are rotatably

el i cal |yl PO cR Sy Gop e dpf B holidgEhictRe il T ohRGARET" [ !¢

vertically sing case "31,

cent er hﬂgﬁmlglgﬁ%d%%nﬁ@dfa%e et pS | The GRSEPES - oul R BBAR 4, TiReinpppEr

housi ng cdse 3 the center housing case 32 have a downwardly rightward
sl ant ed gt 2ngnhd’ arecolitdrsiagt deea . rofabubly istsdorted Ao theppartinp afate Arovgle i nput

shaft 2 and the countershaft 6 are rotatably supported on the parting face
through respesive beasirige ae ithag Sheyaire dligned frethivpdenirogibelatisidn; Nagideths rom t he
AT PR N T LR e R R
o, e, OB b e S Y e L 2 by g o1
t he i nputhegftefal cedrter of the housing case 7, and the output shaft 3 is disposed in parallel below
the input shaft 2.
[0089]
The output shaft 3 is arranged on a lateral center portion of a parting face between the
center housing case 32 and the lower housing case 33, so as to be rotatably supported
longitudinally horizontally in a lateral center portion of the housing case 7 through
bearings.
[0090]
A second PTO housing case 35 is disposed on a right side portion of the upper housing
case 31, and the second PTO output shaft 5 is rotatably supported through bearings on a
parting face between the upper housing case 31 and the second PTO housing case 35.
[0091]
[Gear arrangement ]

Next, referring to Figs. 9 to 11, explanation will be given on a gear arrangement housed

in the housing case 7.
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[ 0089] The output shaft 3 is arranged on a lateral center portion of a
parting face between the center housing case 32 and the | ower housing case
33, so as to be rotatably supported longitudinally horizontally in a

| ateral center portion of the housing case 7 through bearings. [0090] A
second PTO housing case 35 is disposed on a right side portion of the upper
housi ng case 31, and the second PTO output shaft 5 is rotatably supported

t hrough bearings on a parting face between the upper housing case 31 and

t he secopghoRTTO housing case 35. [0091] [Gear arrangenent] Next, referring
to Figs. 9 to 11, explanation will be given on a gear arrangenent housed in
t he housi rikheciapet shaft 2[i§ Bsi¢cted fomeardrfpun thettmwiusing case pans} iscovaectedrtoded from

t he housing case 7 and i.s connected to the qutput shaft. of qtilhe engi e. In

t he housPwguicshas of the gagingpJp the, Beysing ¢ase dng}ltﬁﬁefsﬂdégiw & PERH ?ﬁf th a
PTO out pyt 17 f 1 | | | .8 th
Front s Heretan & PAck oy heaF Alrg b Sciefed Bl acrb 38 o
PIni on 9gdh G, &R %é’g:%ﬁti@&? Polab®ly BfoVilcd H686n 4ith dMSrwWAI PRSP SbarIRRr 17 i's

meshed at an upper t poftion tthereof with a first PTO gear I8 fixed on

t he firsteaR¥4ad Grinptie foledrtl géar BNd The @ TIMomputcegedT islifieshed meahepbealefn | ower
right portion thereof with a reverse gear 27 fixed on the countershaft 6.
The r evepertiondhered Mwitls arfissth¥HO greaa b8 figpd on theyfirst BAQ pwnut sheficbfanditheh a

d PTO 30 fi t d PTO out put, shaft 5. 3 Th
put s gt Y veat i Hoeh e PR Vel IR OISR | PR Ton
clut ch) 13 0RLNESTG! NEnd RLUAL Bl OATis hibsflth: W %pbd M ool R8ediSAth 20- The

counters I's"relatrvely at-abl'y provi h a reverse

Pi ni 0N g8RLcodd PTERINRSE ik EPER thBSedoBY PTEFOWRAhAYS5. and is provided with the
hydraulic clutch (rearward friction clutch) 204 between the reverse gear 27

and the (098] se pinion gear 29. The first PTO shaft 4 is provided with the
hydraulic clutch (PTO friction clutch) 213 rearward fromthe first PTO gear
18. [ 0094]The input shaft 2 is provided with the hydraulic clutch (forward friction clutch) 203
between the forward gear 19 and the forward pinion gear 20. The countershaft 6 is
relatively rotatably provided thereon with a reverse pinion gear 29 rearward from the
reverse gear 27, and is provided with the hydraulic clutch (rearward friction clutch) 204
between the reverse gear 27 and the reverse pinion gear 29. The first PTO shaft 4 is
provided with the hydraulic clutch (PTO friction clutch) 213 rearward from the first PTO
gear 18.
[0094]
The forward pinion gear 20 and the reverse pinion gear 29 are meshed with an output
~ gear 21 fixed on the output shaft 3. The output shaft 3 is projected rearward from the
housing case 7 and is connected to the screw 502.
[0095]
The first PTO output shaft 4 has a rear portion projected rearward from the housing
case 7 and connected to the main electricity generator 503.
[0096]
The second PTO output shaft 5 is extended through the second PTO gear 30, and the
second PTO output shaft 5 is connected to the auxiliary electricity generator 504 at an end

portion thereof opposite to the second PTO gear 30.  As discussed later, the second PTO
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The forward pinion gear 20 and the reverse pinion gear 29 are neshed with
an out put gear 21 fixed on the output shaft 3. The output shaft 3 is
projected rearward fromthe housing case 7 and is connected to the screw
502. [0095] The first PTO output shaft 4 has a rear portion projected
rearward fromthe housing case 7 and connected to the main electricity
generator 503. [0096] The second PTO out put shaft 5 is extended through
the second PTO gear 30, and the second PTO output shaft 5 is connected to

t he auxi bhphtsheh8Gé détadtablydtiaciedt®theTdsiag cave 7end portion thereof opposite
to the second PTO gear 30. As discussed later, the second PTO output shaft
5 is det fi9dbly attached to the housing case 7. [0097] In this gear

arrangenent, when the hydraulic clutch 203 is engaged and .t he hydraulic
cl utch 204nthis geaarpngeaent; waer the hydgaulis wiptchy 203 Weenéﬁ%i%r?é‘dé @ hydraulic

t it f ] haft 2 th he. .0,

5 e out phEtheld s dhiens Bl weoTiing pokr dPel s BT, il HEE e 1 °
irectio i : i I h
208" s gpuPstcy kitetdn Badhbwgd il Bhar A0 LY bl huputitest AR AnIURE Suphe Bl Lt C

powver of shafie3 eretare Dt opfositeairectidnte ghd inpuashhe2f orwar d gear 19 on the
input shaft 2 to the reverse gear 27 and then transmtted fromthe reverse
pi ni on gE®P8P9 on the countershaft 6 to the output gear 21, and the out put

shaft 3 is rotated in th nme djrect.i ith the i
Further, when the ixyc?ragl?c clutcil 2%% ils %?servxmgz;[ged tan(? tﬁenlg)y%rau?ig%tl&tclg 20£ 9s099]

engaged, the driving power of the engine 501 is transmitted from the forward gear 19 on

the input shaft 2 to the reverse gear 27 and then transmitted from the reverse pinion gear
29 on the countershaft 6 to the output gear 21, and the output shaft 3 is rotated in the same
direction with the input shaft 2.

[0099]

On the other hand, the driving power of the engine 501 is constantly transmitted
through the PTO output gear 17 to the first PTO gear 18. When the hydraulic clutch 213
is engaged, the driving power is transmitted to the main electricity generator 503, and
when the hydraulic clutch 213 is disengaged, the driving power is not transmitted to the
main electricity generator 503.

[0100]

The construction of the first PTO output shaft 4 in this embodiment with the hydraulic
clutch 213 for on/off switching of transmission of the driving power to the main
electricity generator 503 is not limitative. Namely, alternatively, the first PTO output
shaft 4 may be provided without the hydraulic clutch 213, so as to constantly transmit the
driving power to the main electricity generator 503.

[0101]

The driving power of the engine 501 is transmitted through the forward gear 19 and the
reverse gear 27 to the second PTO gear 30, and the second PTO output shaft 5 drives the
auxiliary electricity generator 504. |
[0102]
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On the other hand, the driving power of the engine 501 is constantly
transmtted through the PTO output gear 17 to the first PTO gear 18. \Wen
the hydraulic clutch 213 is engaged, the driving power is transnmtted to
the main electricity generator 503, and when the hydraulic clutch 213 is

di sengaged, the driving power is not transmtted to the main electricity
generator 503. [0100] The construction of the first PTO output shaft 4 in
this enbodiment with the hydraulic clutch 213 for on/off sw tching of

transm ssi @Rcé{d FTE heliding dige PSWer to the main electricity generator 503 is
not limtative. Nanely, alternatively, the first PTO output shaft 4 may be

provi ded wNextorefertihg tchkigs.ai2l tb d Scéxplariation 9/jll bo giaren po theoseserd R TQ hpwdmgni t t he

driving power to the main electricity generator 503. OéOlOl]r@Jéghé driving
power of casse3eiispmeraing the secondsPTQ1dsar SArandgthe sreendol 1 ray af P and the

reverse ar. 27 to,the sgcond. PTO r 30, and the s nd. PTO,qQ t shaft
Sar ves ernder kb BRARER 0Bt ot G hed o o ASphPiod B el ey o

housi Nng 634 $Pls direNed Forwagf €rring to Figs. 12 to 15, explanation will be
gi ven on the seconé: PTO housi ng case 35 incorporating the second PTO gear

30 and tpgoggcond PTO output shaft 5 . Hereinafter, right and left
directions are defined on an assunption that an arrow A in Figs. 12 and 13
i s direct €thd gronemekntipaaioight sideipertaimorfeherspper hoesing tagh314$ Gumgd mithon of t he
upper housing,case 31 is formed with a fore-and-aft el ongated.rectangul ar
openi ng §‘¥S‘a§@ﬂ9§t éﬂﬂqgéqeﬁyrmﬁrf%?ﬂn%eﬂc?o dptfally ¢ “Ba’(’%dgeﬁ@?‘g.tgﬁS), and

the openi gt 6 e dTEh Y ard Ve SPEAME 3T R N BPhER8&nd PTO Ro0:Hhe
case 35.
[0104]

Namely, the second PTO housing case 35 is detachably fixed to the upper housing case
31, the second PTO output shaft 5 is rotatably supported through bearings by the second
PTO housing case 35, and the second PTO gear 30 is fixed on the second PTO output
shaft 5 and meshed with the reverse gear 27 on the countershaft 6.

[0105]

The second PTO housing case 35 is mainly formed by a casing member 36, which
forms a main body, and a front lid member 37 and a rear lid member 38, which are
provided at front and rear ends of the casing member 36.

[0106]

The casing member 36 is formed integrally with a fore-and-aft elongated rectangular
basal part 36a and with a shaft cover part 36b, which is formed on the center of a plane
surface of the basal part 36a so as to extend along the elongated direction of the basal part
36a.

[0107]

The shaft cover part 36b is shaped into a half part of a cylindrical member divided into
halves along the axis, and is formed at front and rear ends thereof with holder parts 36¢
and 36d for fixedly holding respective bearings 16.

[0108]
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Nanely, the second PTO housing case 35 is detachably fixed to the upper
housi ng case 31, the second PTO output shaft 5 is rotatably supported

t hrough bearings by the second PTO housi ng case 35, and the second PTO gear
30 is fixed on the second PTO output shaft 5 and neshed with the reverse
gear 27 on the countershaft 6. [0105] The second PTO housing case 35 is
mai nly formed by a casing nenber 36, which forns a nain body, and a front
lid menber 37 and a rear |lid nenber 38, which are provided at front and
rear ends WfthishegR@SdsBoWR D ®ig. 36(a), 184 B61der parh86& Rsfbfigedimrbaubs@fitially f or med
integrally with-a fore-and-aft el ongated rectangul ar basal part 36a and

wi th a shalf tougimet-lijastaps Gthen wikvedd in Srdnd seresl taohavieroneenttie inngrf angd piteine
surface of the basal part 36a so as to extend ong the el.on ateg di rection
of the baeiherhpurtamey3ofand3og TheiBnaperipherah A acs R ISPpIFiEe LB nto a

o o o tpanffythe Sihé flienTBNaS heitter SRt iEeaBh0 16, L e BLe. A0
fixedly ?%5;%&9 s{%ﬁéﬂgﬁ‘ﬁg‘ NQeRACHEOSnd Bas fiBLQSally thé RarhidinéRBAE As s Shown
a), t he (0] er

in Fig. part 36d 1s formed in"a substantially half
doughnut ektedngl ginapsiowhenthe 1eeedistudséd Rat 1ié enentber 38haVhe hokdeepart B6d imner and
outer peripheral surfaces 36f and 36g. The inner peripheral surface 36f is
seni ci r cptoaided terbiasvigud ptusality af taypcdgmholsarvéﬁdi @mr&gg@ﬁd radially avithresnestl

di mensi on of the bearing 16. The ouyter ri ral rface 36g,is.

seni ci rcifl e SPEMABCEBIFHSPH St 164 S i‘%eogg}?eg@gﬁeﬂ gﬁgabrfgw?%th?x’t“@%al

di nensions.of the.la -dj scus : | e t 36d
IS provi H%‘Hﬂ’f"f?i P‘érlf%e\?n%[: ﬂndat%ﬁ Ioﬂﬁeggﬁ}%%%afl S?rg%%g’ggh%ng}g? re\-/g\ﬁﬁ((i: ar ng??{;ned
radi al |y i &fgﬁ% b Qo BE LSRR KaFpéiion 8Fth chddd membéase of the hol der
part 36da%%%§%gﬁ the ?%n peri pher al s%r#g%e 36f and the outer peripheral
surface, [(36g] and the rear |lid nenber 38 is attached through these tapped
holes to the rear portion of the casing menber 36. {0109] As shown in

Fi g. 14(b)As sheansindiig. 1d@vethe shaft coshpars 3¢l istouerebasntly formaedyenthg yertical

verti cal center,por%ion of the3gasal art 36a sa aveP%Psenicircular

p as.to h
section GHEZPTtieR T dheshasel parh 308 SReATdP IRVF & SPERTYAT SeSHePe WIPIE NP e
secti onal,. di pensi f t.he. : . | y 0.
Taco) o HeRRE U fySon 1 RiAEE g heh e Ridhordl Blerion OF TR PID O 11
an expangdgguPalaf $6€ad Biwil f BXPABESR khe BhyR COves DasiS36hois orredatPo iygonal
sectional sShape, thereby being prevented frominterfering wwth the second

PTO gear pdffion thereof with an expanded part 36e that is expanded outward so as to have a

polygonal sectional shape, thereby being prevented from interfering with the second PTO
gear 30.
[0110]

Furthermore, the holder part 36¢ shown in Fig. 14(d) is provided on a front end surface
of the expanded part 36e. The holder part 36¢ is formed in a substantially half
doughnut-like shape when viewed in front so as to have concentric inner and outer
peripheral surfaces 36h and 36i. The inner peripheral surface 36h is semicircular so as
to have substantially the same dimension as the external dimension of the bearing 16.
The outer peripheral surface 36i is semicircular so as to have substantially the same
dimension as the external dimension of the later-discussed front lid member 37. The
holder part 36¢ is provided with a plurality of tapped holes, which are aligned radially
with respect to the common center, on a front surface of the holder part 36¢ between the

imer peripheral surface 36h and the outer peripheral surface 36i, and the front lid member
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[ 0110] Furthernore, the hol der part 36¢c shown in Fig. 14(d) is provided
on a front end surface of the expanded part 36e. The hol der part 36¢C is
formed in a substantially half doughnut-1ike shape when viewed in front so
as to have concentric inner and outer peripheral surfaces 36h and 36i. The
i nner peripheral surface 36h is semcircular so as to have substantially
the sane di nension as the external dinension of the bearing 16. The outer
peri pheral surface 36i is semcircular so as to have substantially the sane
di mensi o7 asitthétRd BrbeEHRksethpRAToRR tethetfidat partion oflihe casseaehbarso. | i d menber
37. The holder part 36c is provided with a plurality of tapped holes, which
are aligpadijadially with respect to the comon center, on a front surface

of the hol der part 36¢ between the inner peripheral surface 36h and the
outer per i Qmheatheshendthe gpper hapang pase Bl dhprovided femme anggaqk&a%ﬁ g%‘@hed

t hrough these tapped hol.es to the front portion casi r 36.
[0111] oﬁeﬁglgg ﬁae ligeﬁgﬁd‘,’mﬁ HERFSPET S%{} o 5%%%565 r11galibs g%dr §?;F ed forward
and back \ ' ' ' ; [ el | ar
Facesaes T A P e e e

ext er nal 16liveRsieard ifffronhe TIRS@RSIAE membeedbiinasachéed thiha uppeniedsing chseont . The
casing nenber 36 is attached to the upper housing case 31 so as to close

t he open3hgo3ap daosetthatopehiagridesss &t e repeshes ﬁgb codntlicdeoingide frethe

respective inner peripheral surfaces 36h and. 36f provided i.n the respective
front antsSpeEtye HE‘PHE?“PES‘SW&“‘%@ES é@iﬂ“@éﬁ PrOYAdedH] thepesperve hf’ﬁttﬂngrre?rhr ough
hol es. [ 2 e f t.lid nenber 37,1 ' j d menber having a
cylindri ﬁé&erlﬁﬁgf g@f ?@lﬁsia?]tereg’?é‘m "I(lﬁ;“ %lc%zﬁldﬁghrgil%%@%/ fromthe rear surface
of the fgﬁlilﬁ] lid menber 37, as shown in Fig 13. The external dinension of
the projection part 37a is substantially the same as the external dinension
of the cormespsididigerabarimnig alfiscolda@ber having a dylindficargrojecttbnnpentodta 37 i s
provided with a plurality of through hol es aligned peripherally at regul ar

i nt er val projetting slightly frond theerebesurfage pthgdiant He whgmber 34 c tethopd ipHée 3. ont
portion of the casing.ne r 36 by fastenin ggbr such bol t s,

t hr ough TheCKEM We%?lég?tﬁﬁﬁﬁ’l?%@nﬁ%jgzﬂsi Sghg{e Pﬁyg%sw q‘si%ﬁ? 83“8%% o the
i nner peripheral rf hol der part 36c¢ so as to restrain
rmvemsntd en?ﬂ%ogélgtcpﬁéﬁfggpﬁg{i#én@gl% al direction. [0114] The rear lid
menber nglig] a discoid nenber that is provided in the center portion
thereof Wth the through hole 38a having substantially the sane dinension
as the extEfengbndiidemsinber 7 i hgrosided nelitiP BOplmlivyitofs thadughSholdhaligasdr | i d
menber 38 is provided with a cylindrical projection part 38b _projecting

sl i ght | ypérivhmalliiat regaler intervalse” The freer id membesd Bisrdstaciablyiadied & thene
proj ect] gn part 380,12 SUDSLANE] 8l b 16 RR TR B! Hen ST eSO O
through holes, and the projection part 37a is fitted onto the inner peripheral surface 36h of

the holder part 36¢ so as to restrain movement of the bearing 16 in the axial direction.
[0114]

The rear lid member 38 is a discoid member that is provided in the center portion
thereof with the through hole 38a having substantially the same dimension as the external
dimension of the second PTO output shaft 5. The rear lid member 38 is provided with a
cylindrical projection part 38b projecting slightly from the rear surface thereof. The
external dimension of the projection part 38b is substantially the same as the external
dimension of the corresponding bearing 16.

[0115]
The rear lid member 38 is provided therein with a plurality of through holes aligned
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The rear lid nmenber 38 is provided therein with a plurality of through

hol es aligned peripherally at regular intervals. The rear lid nenber 38 is
detachably attached to the rear portion of the casing nenber 36 by
fasteni ng nenbers, such as bolts, through these through holes, and the
projection part 38b is fitted onto the inner peripheral surface 36f of the
hol der part 36d so as to restrain novenent of the bearing 16 in the axial
direction. [0116] Due to the second PTO housing case 35 having the above

const r UChériherallpeat $€uHR dnteialsO UTRY freas hidf teihbérs3 Sist decdohitly ansdhad e dhet 0 t he
right side portion of the upper housing case 31, and the second PTO gear 30
i s meshetkanpettion oé theaasing enaydwr 30 by thintanimghmemberspah ag baliss thrpeeiuthgse | n

this regard, the bearings.16 and the secaond PTO gear 30 are preyi |y
fixed onthrepghdelesnandsheprojgcHon pathah isditted ogtothe inhgt P?quleﬁiﬁffﬁﬁagﬁﬁ%s i s
cl anped Qe n_e of the | nner ri Ur fac nd.36f provi ded
in the rgﬁg’\éﬁgf eg???doﬁ?tasé%ﬁesb%'ﬁfn%‘%ﬁ gr&?éﬂ)esa%g%é ggﬁ%leglggl g’?&{[lélg' second PTO
housi ng g;ﬁgl 35 and each of the recesses 3 | b and 31c provided on the

1a,

openi ng t hereby journaling the second PTO out put shaft 5 in the upper

housi ng case: t31he §c0dABPTO hbligng cdsb @5 having therbloveamstrudiongthi secon@PTaNd 38
are attached so as to |ocate the second PTO out put shaft 5 in the
| ongi t udowtpit sHiak 6ds desachablyatteghed $oithelrighteide pergion leé theawperchopsiog §eser3 130 with

the reverse gear 27. [0119]. Inpcjdentally, this odinent is sily
changeabfd the S%FHB% hépP gfﬁ’é%‘% llsin&eéﬁ?‘*awltﬂ theirh rm%f&‘ﬁ?‘iﬁwgﬁ)%%e&l@\% n

auxi | i arP/ 1EJ( ctricity generator 504. For exanple, the construction minly
shown i nq enbodi ment in which the auxiliary electricity generator 504

i's driven @gimid 200, @ﬂ#\@béaﬁﬁgs T fﬁhd the 68dochd PAD Hér 30 aRIBEvibesIRARED6H the

construction in which the auxiliary electricrty generator 504 is driven at
1800 r pmydcme PFOputl (shdf) 5, didledeh of tHerbdakings teganamnpddobetweanr each ohilgh
rotational speed, the nunber of teeth of the second PTO gear 30 nust be

reduced #oemperipherabguidaces 36h raadi36€ pravidedemnothe respsetivveboManaTorLIRIA shaf t
g_l_ios gzgfggr’[st 3e6(<j: a%ﬁ%%dcolf ct’l?ee setcgn& B?Oc}%%gitng rc%sheaZISt ar?d esa%h% t}tleoreggsggs éﬁ)ean%econd
31c¢ provided on the opening 31a, thereby journaling the second PTO output shaft 5 in the
upper housing case 31.
[0118]

Then, the front and rear lid members 37 and 38 are attached so as to locate the second
PTO output shaft 5 in the longitudinal direction, thereby surely meshing the second PTO
gear 30 with the reverse gear 27.

[0119]

Incidentally, this embodiment is easily changeable to another specification having
another high-speed driven auxiliary electricity generator 504. For example, the
construction mainly shown in this erﬁbodiment in which the auxiliary electricity generator
504 is driven at 1500 rpm (see Fig. 15(a)) can be changed to another construction in
which the auxiliary electricity generator 504 is driven at 1800 rpm (see Fig. 15(b)).

[0120]

In this regard, to ensure a high rotational speed, the number of teeth of the second PTO

gear 30 must be reduced so as to reduce the radius. Therefore, the second PTO output

shaft 5 is supported more close to the countershaft 6 so as to mesh the second PTO gear
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30 with the reverse gear 27. [0121] Therefore, only the required things
are that the front and rear |id nenbers 37 and 38 for axially locating the
second PTO out put shaft 5 are exchanged for another front |id nmenber 37
whose t hrough hole 38a and projection part 38b are nore close to the
countershaft 6, and another rear |lid nmenber 38 whose projection part 37a is
nore close to the countershaft 6, and that the second PTO housi ng case 35
supporting the second PTO output shaft 5 on which another second PTO gear
30 havi ngofwtahe feveisd gés 23upported is fixed to the upper housing case 31.
[0122] Even in this case, the casing nenber 36 does not need to change
its extef@@l] shape, however, this alternative construction can be easily

| ExeSrian S 1ape, howel itione g . thon TR !
e, hol der Ta¥ioR: 90l hde<beal duex HE ths s Ko PERai SGrPeEcy S8 Gna San
th i mber 36 _and | i 3 th
pper - hond g Doessing tp 3 PTG oliphP s s R BRAGRecA foF ety | 0°
through P39 Qflosrehﬁu&ﬂﬁrhdlj: agaeMACHroRBtion Part SHEORE Mk esPW wehaft 5

is extended rearward through the through” hole 38a and is connected at an

end port countériienen fand andthe reditidtmahbdrt3 82viadse plvgection phit 7yiseha@e tloseid y
generator 504. [0124] As mentioned above, the marine_ reduction_and
reverse wagouniopshafhbusndithatibe sedond ATIehousing cash 3§ supportingshe seqend PIRaf t 3,
the first PTO shaft 4, the counter t 6, e housi ng case 7 nd.t he
second PYEPEhRft 5 q’l‘\@"hi“itﬁ‘p"ﬂ\"t Flé‘F“tona %3{9 g 3bH@V’d‘giL%Wﬁ‘gteBt§\kéFuQﬂ"%f’&és engi ne
501. The_qu shaf 1 1ts the driving power, which is speed-reduced
and reveﬁé%éjé,%t{%%u H?leéh%l?%& %?%@‘502. The first PTO output shaft 4 is
connect eghihbeythe main el ectricity generator 503 so as to transmt the
driving power to the main electricity generator 503. The countershaft 6
rever ses abekntinhahisroates thdeasiirg memgepdtvdoest mt nked tutlpuge ithakterr@l shidpe, housi ng

case 7 supports the input shaft 2, the output shaft 3, the first PTO
out put sheweves, this@ltemativenonstarosipm fan be castly raalized yesimply phaagiag positiqns,

d .| s t v the fi PT t put, shaft, 4. and th
Count or AR pif ke FTRERR BRSSPl T pAPRIETT! ( ne
d P t Sl ' | i ti
of the iGNy Peerl P orre S et S8 ARl Pl g K p R oL AR

out put Sbﬁtﬁe@pgﬁl&lgiﬂg%w.to the auxiliary electricity generator 504 for
smal | electri ¢ power supply. Accordingly, electric power used for the ship

can be s{@B] ed without additionally providing a power generation equi pnment

in correspondence to how it is used, thereby inproving ecgnom cal

ef fi ci encyA sealing member 39 is provided in the through Kole 38a of the rear lid member 38.
The second PTO output shaft 5 is extended rearward through the through hole 38a and is
connected at an end portion thereof to the input shaft 2 of the auxiliary electricity
generator 504.
[0124]

As mentioned above, the marine reduction and reverse gear apparatus 1 including the

input shaft 2, the output shaft 3, the first PTO shaft 4, the countershatft 6, the housing case
7, and the second PTO shaft. The input shaft receives the driving power of the engine
501. The output shaft 3 transmits the driving power, which is speed-reduced and
reversed, to the propeller 502. The first PTO output shaft 4 is connected to the main
electricity generator 503 so as to transmit the driving power to the main electricity

generator 503. The countershaft 6 reverses and transmits the driving power to the output

shaft 3. The housing case 7 supports the input shaft 2, the output shaft 3, the first PTO
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[ 0125] In this regard, the main electricity generator 503 nust have a

| ar ge generation capacity for driving equi pnments consunmng a | ot of

el ectricity, e.g., a side thruster and an anchor-hoisting winch. If only
the main electricity generator 503 is used to supply electric power for al
items of the ship as usual, it results in that the main ele'tricity
generator 503 should also performinsufficient electric power supply for
conparatively small electricity consunption, e.g., for inboard |lighting or
as a powentpapshatied faad the eswitérsigafiopesathad thediaputcemit 7 (xl 26jnged Theardlok e,
according to thejg;esent invention, for small electric power supply, the

auxi | i ar peteicer thei st BTQeutnubsluaft 4ead tecwentgeshatt &t | Brthe apaie redpctien and
O e ek 3B o . besaart ) SUEr dels i Bs e IS 5eeL % 5 now e
el ectri Ca@g,\;?ae bl oF the RS Q%Fgef%awag@ﬁsﬁithg bletah 6408 e Qborfd €Ctric

power. | e auxiliary-electricity generator I’s connected to the

marine reguchitit SRk 5 GV oifectRfo ﬁfepmw% elechivtyngentRtorns04n el edlr i ci ty
generator 503 connected thereto, so that the engine 501 serves as a common

power sotlecteicf miweb atypply.h eA gendinglyoelsctfio posved usifor tthe sleycan dspusuppigg no

addi ti onal equipnent, such as an engine, to serve as a power source of the
auxi | i ar yitbpetadditionally previding apovew genqratigngiquipment i opEsRaRgderpedo haw it ovi ded
in the side face. of t.he housin ase 7 outward fromthe countershaft 6,
t he secoﬁﬂmﬁi%&ﬁ STTRGO B AE ECORgMY 1’9 t he second PTO output shaft 5 is
det achabt tached to the opening 3la, and the second PTO output shaft 5
is intertoCitingly connected to the countershaft 6 through the gears (the

second PTQnURRreghd, Iéimatiel éNETSEneREST 583 Imustadel«laip¢ génerbiieh caphtity
reducti on and reverse gear apparatus | can be easily provided wth the

second PI® ditipgteqaipafentss corsuminge aaloxidfi elegtrictypotg.) @i sije ghrstentand $04
wi t hout el aborate chan(;};lﬁ of design. [0129] . The first PTO out put shaft 4,
t he i npugnchngcheistingWanahh e It eult e JAgintclertigity sonemifecldis P ©athPPY ant ed

Second. PYERUSHRCY SHaPl (6 TdreAboat W ety R R i e
counters E%Ie?'atgr s g}\%qlgit ﬁlg% ¥)e¥[fﬁll§rp Hﬁgﬁg%t lglggrg;goq‘;& s torciRphriif el sposed

Wi thin t at er al ousl ng case so that” the nmarine reduction
and revegagll geaticitpeaisainpton, edQ&6r Mbbart dightiti®or Brarposer ssled fop bpdratigiewar d

projecting part, thereby conpacting the housing case 7. [0130]
operation devices.
[0126]

Therefore, according to the present invention, for small electric power supply, the
auxiliary electricity generator 504 whose generation capacity is considerably_ small is
additionally provided so that either of the generators 503 and 504 is selectively operated
in correspondence to how the electric power is used, thereby improving efficiency in
supply of electric power.

[0127]

The auxiliary electricity generator 504 is connected to the marine reduction and reverse
gear apparatus 1 having the main electricity generator 503 connected thereto, so that the
engine 501 serves as a common power source for both the generators 503 and 504,
thereby requiring no additional equipment, such as an engine, to serve as a power source

of the auxiliary electricity generator 504.
[0128]
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Furthernore, the housing case 7 is divided into upper and |lower parts by a
parting face on which respective axes of the first PTO output shaft 4, the
i nput shaft 2 and the countershaft 6 are joined to each other, and the
first PTO output shaft 4, the input shaft 2 and the countershaft 6 are
rotatably supported on the parting face. Accordingly, the first PTO out put
shaft 4, the input shaft 2 and the countershaft 6 can easily be installed
into the housing case 7, thereby reducing the nunber of assenbly processes

and ther ebyhd @ﬁ&lﬁigrm aGOpovidedl Gl thé kide Chfadewdthlousingdase 7djtward\eoth the
referring to Figs. 16 to 18, explanation will be given on an observation

wi ndow 4 &ourhershafiss, dimotehend RFD bdusimgasoBs suppopingshnsecpnd RRQiostput shaftei naf t er
right and left directions are defined on an_assunption that a{;#gow Ain
Figs. 16i% getaghaply gitached &g therepspimg 3129 1and] the seqenc, FIE) WHPvh §O3 adtv 41 i s

t ted. with th j 31 ili e ;
I R T
b ti ' i1 A . ! e
T oA AR Ay LT S aRe i Aeaed i) rerer

for e- andcaf be @udilgGirbvided andh the séc@hd BT @ dupur stiifies f@otht iaoxilintyeeleaficity t h a
rectangul ar step part. 42a. Furthernore, two square openings 42b are forned
in a sur gemssatof SA4hweitlyue plaperate chaegesd dgsign.o be al i gned in the el ongated
direction of the basal nmenber 42, thereby constituting the observation

wi ndow 41012Pb134]  The 1id menbers 43, each of which is a rectangul ar

pl.at e ek gl Brbl diheed NOkSTRRShIY'S IURL S BREULAT 5L 2hhied @p eni g

menbers s nspecti on w ndow construct ed

as menti gpedaleMRed Safaky tHdl SB&Mmids WBweChesprichinBehd B&intt@sHak 6,had g | ne

reduction and reverse gear apparatus 1 when being suddenly troubled, or the
| i ke cansfenderTOromshteshaftl ¥ iondigpobsd dirhwwiks mgwhide fioird three ninenterskb®t énd 63
Further, due to the basal nenber 42 provided onto the opening 3la of the
upper hodsroerdinglys éheaseconh BT uitmg ﬁhﬁfgé§a@1betdi}ﬁ’0®q§*e‘fﬂthi§ tgqla@tfgglnww@ Phpr oved
inrig diﬂ}eyﬁousing case 7 so that the marine reduction and reverse gear apparatus 1 does not
have to form an additional sideward projecting part, thereby compacting the housing case
7.

[0130]

Furthermore, the housing case 7 is divided into upper and lower parts by a paﬁihg face
on which respective axes of the first PTO output shaft 4, the input shaft 2 and the
countershaft 6 are joined to each other, and the first PTO output shaft 4, the input shaft 2
and the countershaft 6 are rotatably supported on the parting face. Accordingly, the first
PTO output shaft 4, the input shaft 2 and the countershaft 6 can easily be installed into the
housing case 7, thereby reducing the number of assembly processes and thereby reducing
costs.

[0131]

[Observation window 41]

Next, referring to Figs. 16 to 18, explanation will be given on an observation window
41 that is another embodiment of the present invention. Hereinafter, right and left

directions are defined on an assumption that an arrow A in Figs. 16 to 18 is directed

forward.
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[0136] In another alternative enbodiment, a slidable |lid nmenber 44 may be
provi ded. In this regard, as shown in Fig. 18, a pair of upper and | ower
rectangul ar nenbers 45, L-like shaped when viewed in section, are extended
in the fore-and-aft direction so as to face their recesses to each other,
and are fixed onto the upper and | ower surfaces of the step part 42a of the
basal nenber 42, and the rectangular |id nmenber 44 is provided so as to be
slidable longitudinally in the recesses. [0137] According to the
construcfgign] when an operator inspects the inside of the marine reduction
and reverse gear apparatus 1 or in another case, it is not necessary to

| oosen a Phauobseivationfwibddw 41 fip courttugiet i with thecopenthgnidiabehensthe aukidiaspy

i mprovi ng mai ntenanceability. Industrial AppILcabiIityé[0138 The

t echni caPlegiFicky gepmatar A i Petigoded algdrs opsratgr fyefusth qrlop avqther rgaygn.

ccor di ndnt BP¥ReREP B BARY Bt L PAETthbnR R A9F L8 sRARE 280 on
and reverggsgear apparatuses. CLAI M5

The basal member 42 is a plate member elongated in the fore-and-aft direction, and is
formed on a center portion thereof with a rectangular step part 42a. Furthermore, two
square openings 42b are formed in a surface of the step part 42a so as to be aligned in the
elongated direction of the basal member 42, thereby constituting the observation window
41.

[0134]

The lid members 43, each of which is a rectangular plate member, are fixed to the
respective square openings 42b by fastening members such as bolts.
[0135]

Due to the inspection window 41 constructed as mentioned above, daily inspection,
check of the inside of the marine reduction and reverse gear apparatus 1 when being
suddenly troubled, or the like can be performed easily only by detaching the lid members
43 and 63. Further, due to the basal member 42 provided onto the opening 31a of the
upper housing case 31, the surroundings of the opening 31a can be improved in rigidity.
[0136]

In another alternative embodiment, a slidable lid member 44 may be provided.

In this regard, as shown in Fig, 18, a pair of upper and lower rectangular members 45,
L-like shaped when viewed in section, are extended in the fore-and-aft direction so as to
face their recesses to each other, and are fixed onto the upper and lower surfaces of the
step part 42a of the basal member 42, and the rectangular lid member 44 is provided so as
to be slidable longitudinally in the recesses.

[0137]
According to the construction, when an operator inspects the inside of the marine

reduction and reverse gear apparatus 1 or in another case, it is not necessary to loosen a
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1. A hydraulic device of a marine reduction and reverse gear apparatus,
conprising: forward and reverse hydraulic clutches; a selector valve
operated for engagi ng and di sengagi ng the forward and reverse hydraulic
clutches; a hydraulic pressure source; a hydraulic oil passage extending
bet ween the hydraulic pressure source and the selector valve; a lubricating
oi | passage; a communi cati on passage extending fromthe hydraulic oi
passage to the lubricating oil passage; an oil passage for detecting a
pressur e pRirall tﬂ@f bolekrforiddtechtig tho HE ageer a4, thértbyhiaghedag fmaintaahenbiling a
pressure of the lubricating oil passage; pressure detection neans for
detecting the pressures; a nDunting surface of the marine reduction and
reverse gear apparatus for &é U|IT i nstrunments thereon; and a
source pressure dlstrlbutlon %ﬂak P@W‘Eﬁe oi | passage for detecting
t he presiﬁpg]of the hydraulic oil passage and the oil passage for detecting

the pres of the hydraulic oil passage are connect ed, wherein the
source pre’?ﬁﬂﬂ Ehefitad bt ﬁfggpks% RRAaf dvidRal 38akd@hg apaent er
portion of g nnun%ﬁng surfa@E Y he selector val ve an theépfgssure

det ect i oandvRasut adhafisli fop as@smiding isboakli o sappliyaacortingido tthe spresentind t he
source pressure distribution plate.
invention is widely adaptable to marine reduction and reverse gear apparatuses.
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2. The hydraulic device of the marine reduction and reverse gear according
to claim1, further conprising: an instrunment distribution plate
arranged adj acent to the source pressure distribution plate, and

comruni cated with the source pressure distribution plate through piping,
and a plurality of pressure detection neans for detecting pressure of
the lubricating oil passage, wherein the plurality of pressure detection
nmeans are di sposed on the instrunment distribution plate. 3. A marine
reducti on and reverse gear apparat @GLAEM®rising: an input shaft for
receiving a driving power of an engine; an out put shaft for transmtting
the driving power, which is speed-reduced and reversed, to a propeller; a
first PTO out put shaft connected to a main electricity generator so as to
transmit lt hé ydralis deyisnera paringreduetion aaf seMerse &etAPgaiaRIEcfOBIPIISHIE:
countershaft far reversing and transmtting the driving power to the out put
shaft; a hy Fﬁanﬁggglgﬁﬁﬁg?f%k%c%he i nput shaft, the output shaft, the

first PTO t : fd; ithe t j is
arranged i %L&S%U‘?f I%}eaﬁfebgﬁév%/&e%% I}tgﬁ (eéﬁg?iigrlg S“%@O& 1%e3 putgstﬁ%ff?ﬁgdrn% IOdtkﬁﬁelseak}%é
count er shgdfaili@¢ldtchest second PTO output shaft provided in parallel on an
outer side portion of the housing case outward fromthe countershaft,
wherein & hpdrsdgessPE®ougeput shaft is connected to an auxiliary

electricit eneratQr for small _electric power, sypply.
X h%draulic oil passage extending between Rlevfydraullllgppx)éssure source and the

selector valve;

a lubricating oil passage;

a communication passage extending from the hydraulic oil passage to the lubricating
oil passage;

an oil passage for detecting a pressure of the hydraulic oil passage;

an oil passage for detecting a pressure of the lubricating oil passage;

pressure detection means for detecting the pressures;

a mounting surface of the marine reduction and reverse gear apparatus for mounting
hydraulic instruments thereon; and

a source pressure distribution plate, to which the oil passage for detecting the pressure
of the hydraulic oil passage and the oil passage for detecting the pressure of the hydraulic
oil passage are connected,

wherein the source pressure distribution plate is disposed on a substantially center
portion of the mounting surface, and the selector valve and the pressure detection means
are disposed on the mounting surface so as to surround the source pressure distribution

plate.

2. The hydraulic device of the marine reduction and reverse gear according to claim 1,
further comprising:
an instrument distribution plate arranged adjacent to the source pressure distribution

plate, and communicated with the source pressure distribution plate through piping, and
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4. The marine reduction and reverse gear apparatus according to claim 3,
further conprising: an opening provided in a side surface of the housing
case outward fromthe countershaft; a second PTO housi ng case supporting
t he second PTO out put shaft and detachably attached to the opening; and a
gear through which the second PTO out put shaft is interlockingly connected
to the countershaft. 5. The nmarine reduction and reverse gear apparatus
according to claim3 or 4, wherein the first PTO output shaft, the input
shaft and & Briraly Rf @résbakt detdction nicane dorodetehimgspenusl afhthedubricatiag ik hat
beconmes | ower as approaching the countershaft, and wherein the second PTO
out put spaskage, whelieaythe plirality of pieswiraidsteqtionfmeans atealisposask @i thi afstrumgnt The

mari ne reducti.on and reverse gear apparatus according to one of clains 3 to
5, wher efli§tribyomplats ng case is divided into upper and | ower parts by a
parting face on which respective axes of the first PTO out put shaft, the

I nput shaft and the countershaft are joined to each other, and wherein the

first PTS optpine$Efiction hltfrel@Rdibead Bfatatd) dotpsisigunt ershaft are rotatably
supported on the parting face.

an input shaft for receiving a driving power of an engine;

an output shaft for transmitting the driving power, which is speed-reduced and reversed,
to a propeller;

a first PTO output shaft connected to a main electricity generator so as to transmit the
driving power to the main electricity generator;

a countershaft for reversing and transmitting the driving power to the output shaft;

a housing case supporting the input shaft, the output shaft, the first PTO output shaft
and the countershaft, wherein the input shaft is arranged in parallel between the first PTO
output shaft and the countershaft; and

a second PTO output shaft provided in paralle] on an outer side portion of the housing
case outward from the countershaft, wherein

the second PTO output shaft is connected to an auxiliary electricity generator for small

electric power supply.

4. The marine reduction and reverse gear apparatus according to claim 3, further
comprising:

an opening provided in a side surface of the housing case outward from the
countershaft;

a second PTO housing case supporting the second PTO output shaft and detachably
attached to the opening; and

a gear through which the second PTO output shaft is interlockingly connected to the

countershaft.

5. The marine reduction and reverse gear apparatus according to claim 3 or 4, wherein
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the first PTO output shaft, the input shaft and the countershaft are aligned on the same
slanted surface that becomes lower as approaching the countershaft, and wherein the

second PTO output shaft is disposed slantwise upward from the countershaft.

6. The marine reduction and reverse gear apparatus according to one of claims 3 to 5,
wherein the housing case is divided into upper and lower parts by a parting face on which
respective axes of the first PTO output shaft, the input shaft and the countershaft are
joined to each other, and wherein the first PTO output shaft, the input shaft and the

countershaft are rotatably supported on the parting face.
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