Office de la Propriete Canadian CA 2394148 A1 2002/04/18

Intellectuelle Intellectual Property
du Canada Office (21) 2 394 1 48
v organisime An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2001/10/05 (51) CL.Int."/Int.CI.* B63H 11/08, B63H 11/11, B63H 5/10

(87) Date publication PCT/PCT Publication Date: 2002/04/18| (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2002/06/12 ISRIGAKI COMPANY LIMITED, JP
(86) N° demande PCT/PCT Application No.: JP 2001/008829 | (/%) Inventeur/Inventor:

ISHIGAKI, EIICHI, JP
(87) N° publication PCT/PCT Publication No.: 2002/030741 _
o o (74) Agent: GOWLING LAFLEUR HENDERSON LLP
(30) Prioritée/Priority: 2000/10/06 (2000-307264) JP

(54) Titre : DISPOSITIF DE PROPULSION POUR BATEAU
(54) Title: BOAT PROPULSION DEVICE

Prl

J
2\ ' */

17

19

"/"."E" 16
1b
14 40 4a 13
(57) Abrége/Abstract:

A boat propulsion device, wherelin a suction casing (4) comprising a suction port (4a) opened In a bottom (1b), a suction flow
passage (4b) raised aslant to the rear side from the suction port (4a), and a horizontally formed impeller chamber (4c) Is
disposed at the bottom part of a stern, a delivery casing (10) linked to the suction casing (4) Is dipped Into water below a
waterline at the stern, and axial vanes (8) rotatable in forward and reverse directions are disposed in the impeller chamber (4c)

of the suction casing (4).
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ABSTRACT OF THE DISCLOSURE

A vessel propulsion system having a suction casing (4)
configured with a suction inlet (4a) opening at a vessel bottom
5 (1b), a suction flow path (4b) inclined to rearwardly ascend from
the suction inlet (4a), and an impeller chamber (4c) formed
horizontal, and disposed at a bottom of a stern, a delivery casing
(10) connected to the suction casing (4) and submerged under a
draft of the stern, and a set 6f forward and reverse rotatable

10 axial flow blades (8) disposed in the impeller chamber (4c) of

the suction casing (4).
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DESCRIPTION
VESSEL PROPULSION SYSTEM

TECHNICAL FIELD
This invention relates to a vessel propulsion system, and
more particularly, to a propulsion system for vessels of a type

utilizing the reaction force of discharged water jets for forward

or backward travel.

BACKGROUND ART

A water jet propulsion system without protrusions such as
a prOpeller and helm at the vessel bottom can be free from
entanglement of string-like drifting matters, allowing the vessel
to travel on shallow water.

A conventional water jet propulsion system draws water by
suct.ion from a suction casing opening at the hull bottom, guiding
drawn water to a pump casing, pressurizing with an impeller, and
discharges pressurized water rearward as flux of water jets from
a delivery casing opening at the stern at a level above the draft,
making use of the reaction force to propel the vessel forward.

In particular, a water jet propulsion system disclosed in
Japanese Patent Application Laying-Open Publication No. Heil-
11-124090 is adapted by a deflector for changing the discharge

direction of water jets to turn the course of travel, and by a

reverser for reversing water jets to propel the vessel rearward.

The conventional water jét probhls"ibn "sys'tﬁer'n, which allows
the vessel to travel backward by reversing water jets discharged

behind the stern toward the bow, has a great power loss, and gives
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a wide range of turn to the vessel coming alongside or leaving
a pier, with the propelling force to be weak upon reversal of water
jets.

Japanese Patent Application Laying-Open Publication No.
Hei-5-105190 discloses a counter-rotating double-impeller type
water jet propulsion system including-a combination of a front

impeller for generating swirling streams and a rear impeller for

rectifying them into straight streams to convert energy of rotation

into thrust forces, to have an increased propelling force.
This invention aims at provision of a vessel propulsion
system which employs the reaction of water jet discharge to provide
a vessel propelling force, and which has a minimized energy loss
upon switch between forward and rearward movements, allowing for

the vessel to come alongside or leave a pier within a narrowed

range.

DISCLOSURE OF THE INVENTION

An aspect of the invention is a vessel propulsion system,
which comprises a vessel propulsion system comprising a suction
casing configured with a suction inlet opening at a vessel bottom,
a suction flow path inclined to rearwardly ascend from the suction
inlet, and an impeller chamber formed horizontal, and disposed
at a bottom part of a stern, a delivery casing connected to the
suction casing and submerged under a draft of the stern, and a
set of forward and reverse rotatable axial flow blades disposed

in the impeller chamber of the suction casing.

SN e —— — —~—— - d— —

_Acwcqording to this aspect of the invention, the impeller in
a pump casing is adapted for reverse rotation to draw water by

suction from a delivery outlet of the delivery casing, which
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discharges jets of pressurized water in a forward travel, and to
discharge jets of pressurized water from the suction inlet of the
suction casing, thus switching the suction inlet of water and rhe
delivery outlet of pressurized water jets therebetween, enabling
switch from forward travel to backward travel.

The impeller chamber of the suction casing and the delivery
casing may preferably be formed circular cylindrical at inside
diameters thereof to be substantially identical in size. This
arrangement substantially equalizes respective amounts of water
to be pressurized and swirled by forward rotation and reverse

rotation of axial flow blades, allowing for a rapid switching
between forward travel and backward travel of vessel.

A single stage of axial flow blades may preferably be
disposed in the impeller chamber of the suction casing, and axial
flow blades may preferably be configured as a counter-rotating
double-impeller. In this arrangement, swirling streams of water
pressurized by en axial flow type front impeller may be converted
into straight streams by a rear impeller, te thereby convert energy
of swirling streams into pressure exerting energy, with an
increased impeller efficiency relative to the single stage
impeller.

A forward-reverse rotation effecter fnay preferably be
coupled for connection at a side wall of the suction casing in
which the impeller chamber'has a counter-rotating double-impeller
disposed therein. This arrangement allows a drive shaft of the

counter- rotating double impeller to be short, and the front

— — e pr—

~Amm— — - v - —

impeller and the rear impeller to have reduced vibrations. A
forward-reverse rotation shifter may preferably be coupled for

connection at a side wall of the suction casing in which the
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impeller chamber has a single stage of axial flow blades disposed
therein, which allows the propulsion system to be compact.

The delivery casing may preferably have a bearing support
fixed on an inner peripheral wall thereof for rotatably supporting
a distal end of a drive shaft, the bearing support having thereon
a plurality of ribs formed planer along an axis thereof sb that'
swirling water streams pressurized by the set of axial flow bladés
are rectified by the bearing support, whereby the distal end of
the drive shaft can be rotatably supported near axial flow blades,
with reduced vibrations.

A deflector may preferably be disposed at a rear end of the
delivery casing, having a helm fixed thereto, which allows the
course holding performance to be improved in a turning travel,
aswell as the steering performance, witheffectiveroll prevention .
in addition to possible turning backward travel by the deflector
to be turned left or right.

A pair of vessel propulsion systems may p:eferably be
arranged at the vessel stern, allowing for the vessel to turn within
a narrowed range, with pOSSible transverse displacement and
facilitated approach to and departure from a pier.

The're may preferably be provided a vessel-side fronting
branch path branched from the delivery casing having a rearward
casing cooperative therewith for flow path selection therebetween,

which allows a transverse propulsion.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a partially cutaway side view of a vessel with
a propulsion system according to an embodiment of the invention;

FIG. 2 is an elavational sectional view of a propulsion unit

-4 .-
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including a counter-rotating double-impeller of the propulsion

system of FIG. 1;

FIG. 3 1s a front view of a bearing support provided in a
delivery casing of the propulsion unit of FIG. 2:
FIG. 4 1s an elevational sectional view of a forward-reverse

rotation.shifter'interposed.between.théjpropulsion unit of'FIG.

2 and an internal combustion engine;

FIG. 5 1s an elevational sectional view of a vessel
propulsion system including a single-staged impeller and a
forward-reverse rotation shifter of a multiple disc fashion
according to another embodiment of the invention;

FIG. 6 is an elevational sectional view of a vessel
propulsion system including a single-staged impeller and a geared
forward-reverse rotation shifter according to another embodiment
of the invention;

FIGS. 7A to 7D i1llustrate a vessel propulsion syStem
according to still another embodiment of the invention, in which
FIG. 7A i1s a plan view of fhis propulsion system, FIG. 7B is a
side view of the propulsion system, FIG. 7C is a cross-sectional
view of part VIIC of FIG. 7B, and FIG. 7D describes a flow path
switching mechanism of the propulsion system; and

FIG. 8 1s a hydraulic circuit diagram of a forward-backward

travel switching mechanism.

PREFERRED EMBODIMENTS OF THE INVENTION

There will be detailed below preferred embodiments of the

— —y— —~— —~—e —~— —— — —— we— — — — — — —hp— — —— - — — — — — - — . man — —— —— — S

invention, with reference to the accompanying drawings. Like
members or elements are designated by like reference characters.

Illustrated in FIG. 1 is a medium-scale vessel V with a
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propulsion system Prl according to a first embodiment of the
invention, FIG. 2 is a propulsion unit 2 of the propulsion system

Prl, FIG. 3 is a bearing support 10 provided in a delivery casing

9 of the propulsion unit 2.

The vessel Vis built withahull 1 with a bottom 1b extending
substantially straight from a bow 1c to a stern la, a multitiered
structure S including a bridge, and fittings. The propulsion
system Prl is installed in a rear lower region of the hull 1 and
fastened to an upper surface of the bottom 1b and a lower part
of the stern la. Reference character "H" designates the water
surface as a draft of the hull 1.

This propulsion system Prl includes the water jet propulsion
unit 2, an internal combustion engine 3 for driving the propulsion
unit 2, and a forward-reverse rotation shifter 20 interposed
between the internal combustion engine 3 and the propulsion unit
2.

The propulsion unit 2 has: a main drive shaft 6 connected
at a front end thereof to the forward-reverse rotation shifter
20; a forward-reverse rotation effecter 11 as a planetrary-geared
counter-rotating differential transmitter connected to the front
end of the drive shaft 6; a hollowed subsidiary drive shaft 7
connected at a front end thereof to the forward-reverse rotation
effecter 11 and held at a middle part thereof by a bearing 5, with
the main drive shaft 6 coaxially penetrating therethrough; a
counter-rotating double-impeller 8 with a spiral multiblade front

impeller 8a keyed to a rear end of the subsidiary drive shaft 7

Sl el —_— — — [P —

— — —~—— — —— — — An.
r— — — —p ——- - — v — —

and a spiral multiblade rear impeller 8b keyed to the front end
of the main drive shaft 6; a suction casing 4 as a long duct member

with an inspection window, defining a suction inlet 4a opening
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at the bottom 1b, a suction flow path 4b ascending rearward,

obliquely intersecting the suction inlet 4a, and a horizontal
impeller chamber 4c circumscribed on the front and rear impellers
8a and 8bwithminute clearances; and a delivery casing 9 configured

9 as a short duct member defining a delivery flow path
'interconnecting the impeller chamber 4c and a water jet delivery
outlet %9a, to be integral with a bearing support 10 implemented
as a set of.rectification plates for supporting the bearing at
the front end of the main drive shaft 6.

10 A deflector 12 integrated with a helm 14 is pivoted to be
transversely turnable on the rear end of the delivery casing 9,
and steered with an operation.lever member 13 controlled from the
bridge. Theo suction inlet 4a has a screen 15 provided thereto for
removal of foreign matters.

15 In the arrangement described, the propulsion unit 2 disposed
at the bottom 1b of the stern la of the vessel V is apparently
submerged under a surface level of the draft H (that is, the
delivery outlet 9a is set in position with a top edge thereof under
a draft mark for an unloaded condition). The propulsion unit 2

20 is driven by the internal combustion engine 3, pressurizing water
drawn by suction from water under the vessel bottom 1b, discharging
pressurized water jets into water behind the stern la, propelling
the hull 1 to travel.

The bearing 5 is integrally provided on an outer peripheral

20 wall of the suction flow path 4b of the suction casing 4. The drive

shafts 6 and 7 rotatably supported by the bearlng 5 penetrate a

— —~—— — — —_— — — — - * r—
— — — —— — — — —— S— e —
—r— - — pr— — —d —rr S — -

side wall of the suction casing 4, extending into the 1mpeller

chamber 4c.

The delivery casing 9 submerged under the draft of the stern
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la is coupled for connection to the rear end of the suction casing
4. The impeller chamber 4c of the suction casing 4 and the delivery
casing 9 are formed circular-cylindrical with their fixing
dimensions (inside diameters in this case) set substantially
mutually identical to equalize respective amounts of swirling
pressurized water in forward rotation and reverse rotation of the
impeller 8, with a reduced power loss and an increased propelling
force in comparison with the conventional arrangement in which
water streams are reversed.

As shown in FIG. 3, the bearing support 10 is integrated
with the delivery casing 9. The bearing support 10, which is fixed
to an inner peripheral wall of the delivery casing 9, has in a
central part thereof a boss 10& configured to rotatably support
the rear end of the drive shaft 6 extended into the suction casing
4, that is, for a rotatable supporting of a distal end of the drive
shaft 6 in a vicinity of the counter-rotating double-impeller 8.
to reduce vibrations. -

-The bearing support 10A has a plurality of axially planer
ribs 10b. Ribs 10b of the bearing support 10 are configured to
rectify swirling streams of water pressurized by the counter-
rotating double-impeller 8.

For the forward-reverse rotation effecter 11,a case 19 is
integrally formed with a side wall of the suction casing 4. The
hollow drive shaft 7, on which the front impeller 8a is fixed,
and the drive shaft 6, on which the rear impeller 8b is fixed,

are coupled for connection at p’i'oximal ends thereof to the

— — — - — . —— ~— - — — — — —~vw — — — — — — —re —— - a— —p— — ~— — - — — — — — P R — — a— — —— r— - — — —p— J—

forward-reverse rotation effecter 11, whereby the respective

drive shafts 6 and 7 are possibly shortened, with reduced

vibrations at the front and rear impellers 8a and 8b.
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The deflector 12, provided at the rear end of the delivery
outlet 9a of the delivery caéing'g, is'turned left and right by
the operation lever member 13 for changing the delivery direction

of water streams to change the azimuth of travelling course of

hull 1.

The helm 14,fixed to a lower end of the deflector 12, enhances

the course holding performance and steering performance of hull

1.

As shown in FIG. 2, the forward-reverse rotation effecter
11 on the side wall of the suction casing 4 has a sun gear 16 fixed
on the proximall end of the drive‘ shaft 6, a plurality of planet
gears 17 meshing with the sun gear 16, and an internal gear 18
meshing as a ring gear with the planetary gears 17. The internal
gear 18 is fixed on the proximal end of the hollow drive shaft
7.

The forward-reverse rotation effecter 11 is configured such
that, as the sun gear 16 rotates,the'internal gear 18 is
reverse-rotated via the planet gears 17, causing the front and
rear impellers 8a and 8b to rotate in opposite directions.

At the impeller chamber 4c of the suction casing 4, inflowing
water is pressurized by the front impeller 8a into swirling streams,

which are guided onto blade surfaces of the rear impeller 8Db,
exerting increased push-in pressures on the rear impeller 8b, which
impeller 8b in turn converts resultant high-pressure swirling

streams into straight streams, additionally exerting pressures

thereon.

— —— — —— — ——— —— - —— —— —e— — — — — —r — — — — — e —— — — - —— — — —— — — - ———

Accordingly, rotational power is energy-converted into

pressures at the counter-rotating double-impeller 8, and

high-pressure jets are delivered into water from the delivery
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outlet 9a of the delivery casing 9, whereby the hull 1 is propelled,
while the deflector 12 with i:he helm 14 fixed thereto is turnable
to change the course of hull 1.

It is noted that, in a full-speed travel, jets of pressurized
water discharged behind the stern la may well appear above the
water.surface. ‘

FIG. 4 illustrates a coupling condition among counter-
rotating double-impeller 8, forward-reverse rotation effecter 11,
and forward-reverse rotation shifter 20. The forward-reverse
rotation effecter 11, provided on the side wall of the suction
casing 4; is coupled for connection to the internal combustion
engine 3, with the forward-reverse rotation shifter 20 connected
therebetween. Thus, rotation of an output shaft 21 of the internal
combustion engine 3 is transmitted via the forward-reverse
rotation shifter 20, where the rotational direction is switched
from forward to reverse, to the main drive shaft 6 to be thereby
driven for rotation, which in turn is transmitted to the hollowed
drive shaft 7 via the forward-reverse rotation effecter 11, where
the rotational direction turns counter, thereby causing the front
and rear impellers 8a and 8b of the counter-rotating double-
impeller 8 to rotate in opposite directions.

The forward-reverse rotation shifter 20 has an input shaft |
22 coupled with the output shaft 21 of the internal combustion

engine 3, and an input-side idle shaft 23 rotatably supported on

a gear case 24. A first gear 25 fixed on the input shaft 22 and

a second gear 26 fixed on the idle shaft 23 mesh with each other

S — — p— —n ——— JR— — —— i — —— — P — —~— —

-— — ——— —— re— —— — — ———t ———— — -
— [re—— a— — ——— — — ~—— — — — v Lt —r — —— v —-— -

rotating 1n opposite directions.

An output shaft arranged coaxial with the input shaft 22,

and an output-side idle shaft arranged coaxial with the input-side

-10-




. CA 02394148 2002-06-12

idle shaft 23 ha\}e at their distal ends a first transmission gear
27 and a second transmission gear 28 fixed thereon, respectively,
which first and second transmission gears 27 and 28 mesh with a

drive gear 29 fixed on the drive shaft 6, which is inserted into

5 a gear case 24.

The input shaft 22 is connected to the output shaft via a
forward-propulsion oriented hydraulic multi-disc clutch' 30, as
well as the input—s;deidle shaft 23 connected to the output-
side idle shaft via a backward-propulsion oriented hydraulic

10 multi-disc clutch 31. The clutches 30 and 31 are hydraulically
controlled for engagement and disengagement to make the drive shaft
6 rotate forward or reverse.
As an output of the internal combustion engine 3 has a
rotational direction switched reverse by the forward-reverse
15 rotation shifter 20 to have the counter-rotating double-impeller
8 rotated reverse, hater is drawn by suction from the delivery
outlet 9a of the delivery casing 9 submerged at the bottom 1lb of
stern 1a; and is transmitted to a rear end region of the rear
impeller 8b, where it is pressurized by the rear impeller 8D, and
20 pressurized swirling streams are rectified by the front impeller
8a, so that jets of pressurized water are discharged at the suction
inlet 4a of the suction casing 4 into water toward the bow,

propelling the hull 1 backward.
The impeller chamber 4c of the suction casing 4 and the
25 delivery casing 9 have their inside diameters substantially

identical in size, in combinatioh with the counter-rotating

—— — — — —— ——— —— — — oy — JR— p—

— — ——a— —— — — —
Sy SERE. S — e — a—an — —y - — — — —_— - — —

—_—
—_—— — v — — — —— —— ——

double-impeller 8 of axial flow blades, whereby respect_ive amounts
of swirling pressurized water at the counter-rotating double-

impeller 8 in forward rotation and reverse rotation are

-11 -
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substantially equalized, effecting a fast switching between

forward and backward propulsion of hull 1.

If foreign matters are caught on the screen 15 at the suction
inlet 4a of the suction casing 4,blocking the suction inlet 4a,
5 then the counter-rotating double-impeller 8 can be reverse-
rotated for discharging pressurized water streams from inside the
suction casing 4 to wash off the foreign matters blocking the
suction inlet 4a, outside the screen 15.
The deflector 12 can be turned left or right for the hull
10 1, guided in backward travel by the helm 14, to turn within a small
turning range. |
FIG. 5 illustrates a vesselpropulsion system Pr2 according
to another embodiment of the invention. A propulsion unit 2a of
the propulsion system Pr2 has a single-stage impeller 33 provided
15 in an impeller chamber 32c of a suction casing 32. A drive shaft
34 of the 'impeller 33 extends through a side wall of the suction
casing 32, to be rotatably supported by a bearing 35 integrated
to an outer peripheral wall of the suction casing 32. The drive
shaft 34 is connected at the proximal end td a forward-reverse
20 rotation shifter 20 integrated to a peripheral v;rall of the suction
casing 32. The drive shaft 34, supporting the impeller 33, is thus
shortened, with reduced vibrations at the impeller 33.
The impeller 33 is rotated forward to pressurize water drawn
into the impeller chamber 32c by suction from a suction inlet 32a
25 of the suction casing 32 with the impeller 33. Swirling

pressurized water is rectified straight by planer ribs 10b of a

— — — —— — — — — — — — A S —p— — - ——— a— — — ———— —~— — —— —— — —~e— — a—— —— — —— — —— — P
—_— -y

o — — — ——a— - ——— - —_— —— —— —
v —— — — — —— T —— — —— — a— —

bearing support 10. Rectified pressurlzed water is discharged as

jets from a delivery outlet 9a of a delivery casing 9 into water,

propelling thehulll. Adeflectorl2withafixedhelm 14 is turned

-12 -
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rotated to change the course of hull 1.

In FIG. 5, when output of an internal combustion engine 3
is switched to a reverse rotation by the forward-reverse rotation
shifter 20 to reverse the rotation of the impeller 33, water drawn

5 from the delivery outlet 9a of the delivery casing 9 submerged
at the bottom 1b of stern la is pressurized by the.impeller 33
and discharged jets under high pressure from the suction inlet
32a of the suction casing 32 into water toward the bow, thereby
propelling the hull 1 backward.

10 The propulsion unit 2a, provided with the Single-stage
impeller 33, is applicable to vessels not oriented for high-speed
travel. The propulsionunit 2, providedwith the counter-rotating
double-impeller 8, is more efficient at the impeller chamber 5c
than the single-stage impeller 33; and has an overall propulsion

15 efficiency equal to or greater than the conventional impeller.

The propulsion unit 2 or 2a may be arranged together with
another propulsion unit 2 or 2a in a counter-rotatable fashion,
side by side with paralleled alignment centers at the stern 1la
of hull 1. This arrangement discharges jets of pressurized water

20 1in opposite directions to allow turning and transverse
displacement within a narrow range, facilitating getting to and
leaving from a pier.

FIG. 6 illustrates a vessel propulsion system Pr3 according
to still another embodiment of the invention. The propulsion

25 system Pr3 is different from the embodiment Pr2 in that a gear
forward-reverse rotation shifter 120 is used in place of the

w— b — — - ——.. — — — A * — —r— - — —— —— — ————rrr — s —— e w— —— - v —

multiple disc clutch forward-reverse rotation shifter 20.

— —aa —_— — —~— — — 4 d— — —~—we — [S— — —— — — ——

— — ——r— d— * —— - — — — — — —— —— — —-—

The forward-reverse rotation shifter 120 has an input shaft

122 coupled to an output shaft of an internal combustion engine |

- 13 -
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and an idle shaft 123 rotatably supported on a gear case 124. A
first gear 125 fixed on the rear end of the input shaft 122 and
a second gear 126 fixed on the front end of the'idle shaft 123
ﬁlesh with one another for counter rotation.

5 A transmission gear 130 for forward propulsion and a
transmission gear 131 for backward propulsion are fixed on a rear
pért of the idle shaft 123. The transmission gear 131 for backward
propulsion is further meshed' with another idle gear 132. The
proximal port of the drive shaft 6 is inserted through the gear

10 case 124. A transmission gear 136 is axially slidably fitted onto
the end of the proximal part of the drive shaft 6.

The axial position of the transmission gear 136 is switched
with a clutch not shown. The transmission gear 136 is meshed with

the transmission gear 130 for forward propulsion for forward travel

15 and is meshed with the idle gear 132 for backward travel.
FIGS. 7A to 7D illustrate a vessel propulsion system Pr4
according to still another embodiment of the invention. FIG. 7A
is a plan view of the propulsion system Pr4. FIG. 7B is a side

view of the propulsion system Pr4d. FIG. 7C is a cross-sectional
20 view of o part pointed by arrow VIIC in FIG. 7B. FIG. 7.D is an

explanatory view of a flow path switching mechanism in the

propulsion system Pr4.

A propulsion unit 60 of the propulsion system Pr4 has a

U-shaped impeller casing 62 with a function and structure similar
250 to those of the propolsion unit 2 shown in FIG. 2, a front césing

66 and a three-branch casing 61 respectively connected to the front

s _— ——— ——— - —
- T temy Tem— mAa AR A v e e e e e e—— et T e S —— ——— 1 e— — e— . —
— e———— — — — re— O U — J— p——
—— e— m— ——— — .
— —— - e— A— ke ——— ———— —

end and rear end of the casing 62 via flanges 76 and 75 and a

—r- — —

rear casing 63, left casing 64 and right casing 65 respectively

connected to the three-branch casing 61 via flanges 72, 73 and

-14 -
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74, being substantially horizontally opening into the water from
a stern 1lc and left and right sides of the hull 1.

" These rear, left and right casings 63, 64 and 65 have delivery
outlets fixed with flanges to the hull 1, and are provided with

5 a plurality of horizontal straightening vanes, respectively.

The structure of the delivery outlet of the front casiﬂg
66 is the same as in the above—described propulsionunit 2. Adrive
shaft 67 for driving a single-stage impeller 68 or counter-rotating
double-impellers 68 + 69 is connected to an internal combustion

10 engine with the same structure as in the above-described propulsion
system Prl.

As shown in FIG. 7A, the impeller casing 62 may be divided
at amiddle part thereof and connected with flanges 71 to facilitate
inspection and maintenance.

15 The three-branch casing 61 incorporates, as shown in FIG.
7C, a flow path selection valve 80 operated via an external
operating rod 81. As shown in FIG. 7D, the selection valve 80
allows the switching of a flow path to the left, rear and right,
thereby to propel the vessel V rightward, forward and leftward.

20 The casing structure of the embodiment Pr4 may be applied
to the other embodiments.

FIG. 8 illustrates .a hydraulic circuit of a forward-backward
propulsion switching clutch applicable to each embodiment.

With this hydraulic circuit, the operation of a switching

25 wvalve 90 with a switching lever 90a switches hydraulic pressure

between a forward propulsion clutch 91 and a backward propulsion

— — ———
— «— —_———a . — -— -— [rp— - -

e ———r — d— ——— —
R nanad — v — — — —a
—w— — [
— — — — o p—— —r— a—-
— — — — — —— + —— —— — p——

clutch 92 connected to a related 0perat1ng part of a forward-
backward propulsion switching mechanism. In the figure,

reference numeral 93 denotes a relief valve, 94 a hydraulic pump,

-15 -
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and 95 an oil tank.

As will be apparent from the above description, the invention
rotates an impeller provided in an impeller chamber of a suction
casing to draw water from a suction inlet of the suction casing

at the bottom of the hull, and pressurizes water moving upward

in an inlet path with the impeller.

The pressurized swirling water is straightened with
plate-like ribs of a bearing support to convert rotational power
into pressure power.

Flux of water Jjets is discharged from a delivery outlet of
a delivery casing into the water in the stern direction to propel
the vessel. A deflector provided at the rear end of the delivery
casing is rotated to change the propelling direction for traveling.

When a counter-rotating double-impeller is provided in the
impeller casing, swirling water pressurized by a front impeller
1s guided to the blade surfaces of a rear impeller to increase
forcing pressure into the rear impeller.

The rear impeller converts the pressurized swirling water
flowintoa straightened flowwhile further pressurizing the water,
increasing the propelling power of the vessel.

To propel the vessel backward, the impeller is rotated in
the reverse direction to draw water from the delivery outlet of
the delivery casing submerged. The water pressurized by the
impeller is discharged as jets from the suction inlet of the suction
casing into the water in the bow direction to switch from forward

travel into backward travel, thereby to propel the vessel backward.

— - — —-— — — — o« — — —t— el — e — -— —

The amounts of swirling pressurized water during the forward

. ek S —_— ~— w— — — — -~ — — —— e~ — - asam — — —— - - — ———

—_——— v —

rotation and the reverse rotation of the impeller are substantially

equal to one another. This facilitates the switching between

- 16 -
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forward travel and backward travel of the vessel.

The rotation of the deflector left and right enables backward
turning with a helm provided to the deflector.

A vessel having propulsion units arranged along two parallel

axes 1n the stern can turn in a narrow place with one of the

propulsion units near th'e turning direction reversed in rotation,

and also can shift laterally. The use of the helm facilitates the
leaving and getting to shore of a vessel of a large size with the
vessel p:fopulsion system enabling small backward turning.

When foreign matters are caught on a screen provided at the
suction inlet of i:he suction casing and blocks the inlet during
the forward travel of the vessel, the reverse rotation of the
impeller can pressurize water drawn from the delivery casing with
the impeller to discharge pressurized water as jets from the
suction flow path of the suction casing toward the rear surface
of the screen, washing off the foreign matters blocking the inlet
from the screen. ‘ '

The provision of branching paths branched from a rear casing
and opening at sides of the hull so as to enable selection of .a
flow path among the branching paths and the rear casing, enables

propulsion in a lateral direction.

INDUSTRIAL APPLICABILITY
The invention provides a water jet vessel propulsion system
with a small loss of power due to forward-backward propulsion

switchlng allowing leaving and getting to shore in a narrow range .

-17 -
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CLAIMS

1. A vessel propulsion system, comprising:
a suction casing (4, 32) configured with a suction inlet
5 (4a, 32a) opening at a vessel bottom (1b), a.éuction flow path
(4b,'32b) inclined to rearwardly ascend from the suction inlet
(4a, 32a), and an impellei: chamber (4c, 32c) formed horizontal,
and disposed at a bottom part of a stern;
a delivery casing (9) connected to the suction casing (4,
10 32) and submerged under a draft of the stern; and
a set of forward and reverse rotatable axial flow blades

(8, 33) disposed in the impeller chamber (4c, 32c) of the suction

casing (4, 32).

15 2. Avessel propulsion system as set forth in claim 1, wherein
the impeller chamber (4c) of the suction casing (4) and the delivery
casing (9) are formed circular cylindrical at inside diameters

thereof to be substantially identical 1n size.

20 ~ 3. A vessel propulsion system as set forth in claim 1 or
2, wherein the set of axial flow blades comprises a counter-

rotating double-impeller (8) comprising a front impeller (8a) and

a rear impeller (8b).

25 4. A vessel propulsion systemas set forth in claim 3, wherein

the counter-rotating double-impeller (8) has a forward-reverse

— st == = SS— = —— S—— - d—— A e — —— —— " — — — _—— — — — — —

- S i — — —— —— —— B — ——— + — At

rotation effecter (11) coupled for connection thereto at a sidéﬂ_

wall of the suction casing (4).
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5. A vessel propulsion system as set forth in claim 1 or

2, wherein:

the impeller chamber (4c) of the suction casing (4) has a

‘single stage of axial flow blades (33) disposed therein; and

the single stage of axial flow blades (33) has a
forward-reverse rotation shifter (20) coupled for connection

thereto at a side wall of the suction casing (4).

6. A vessel propulsion system as set forth in any one of
claims 1 to 5, wherein:

the delivery casing (9) has a bearing support (10) fixed
on an inner peripheral wall thereof for rotatably supporting a
distal end of a drive shaft (6, 34); and

the bearing support (10) has thereon a plurality of ribs

(10b..) formed planer along an axis thereof so that swirling water

streams pressurized by the set of axial flow blades (8, 33) are

redtified by the bearing support (10).

7. A vessel propulsion system as set forth in any one of
claims 1 to 6, wherein a deflector (12) is disposed at a rear end

of the delivery casing (9), and has a helm (14) fixed thereto.

8. A vessel propulsion system comprising a pair of vessel
propulsion systems (2, 2, 2a, 2a) according to any one of claims

1 to 7 and arranged side by side at the vessel (1) 's stern.

9. A vessel propulsion system as set forth in any one of
claims 1 to 8, further comprising a vessel-side frpnting branch

path (64, 65) branched from the delivery casing (63) having a

-19 -
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rearward casing cooperative therewith for flow path selectilon

therebetween.
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