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(57) Abrege/Abstract:
A ship propulsion device (1 ) Is adapted to rotate a propeller (20) to propel a ship (2). In a case where the rotating speed of the
propeller (20) Is less than a predetermined rotating speed, a low-output sub-motor (M2) Is controlled and rotationally driven by a
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(57) Abrege(suite)/Abstract(continued):

small-capacity general-purpose inverter (24), and the rotational driving Is transmitted to the propeller (20) so as to rotate the
propeller. In that case, In a drive system of a main motor (M1), rotation is not transmitted to a slip clutch (23) or an input shaft (7) by
cutting off an on-off clutch (8). In a case where the rotating speed of the propeller (20) becomes equal to or more than the
predetermined rotating speed, a driving source Is switched from the sub-motor (M2) to the main motor (M1) so as to couple the on-
off clutch (8), and the rotating speed of the main motor (M1) is controlled by the slip clutch (23) and transmitted to the propeller (20)
so as to rotate the propeller (20).
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ABSTRACT

A ship propulsion device (1) is adapted 1o rotate a propeller (20) to propel a ship
(2). In acase where the rotating speed of the propeller (20) is less than a predetermined
rotating speed, a low-output sub-motor (M2) 1s controlled and rotationally driven by a
small-capacity general-purpose inverter (24), and the rotational driving s transmitted to
the pmpeller (20) so as to rotate the propeller. In that case, in a drive system of a main
motor (M1}, rotation is not transmitted to a :slip clutch (23) or an input shaft (7} by
cutting off an on-off clutch (8). In a case where the rotating speed of the propeller (20)
becomes equal to or more than the predetermined rotating speed, a driving source 1s
switched from the sub-motor (M2) to the main motor (M 1) so as to couple the on-off
clutch (8), and the rotating speed of the main motor (M1) is controlled by the slip clutch

(23) and transmitted to the propeller (20) so as to rotate the propeller (20).
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DESCRIPTION

Title of Invention

SHIP PROPULSION METHOD AND SHIP PROPULSION DEVICE

Technical Field
10001]
The present invention relfates to a ship propulsion method and a ship propulsion

device using a plurality of motors.

Background Art

[0002]

In the related art, as ship propulsion devices used for work barges for towing or
the like, for example those described in Patent Documents 1 to 4 are suggested.

Patent Document 1 discloses a hybrid drive device for a ship having a first drive
motor and a second drive motor disposed inside a ship. The first drive motor is
embaodied 1n the form of an internal combustion engine, and the second drive motor is of
an electric type.

Additionally, a ship propulsion device described in Patent Document 2 is an
electric propulsion device for a ship that uses neither an inverter nor a variable-pitch
propeller, and includes a diesel engine, an engine control panel that controls the rotating
speed of the engine, a power generator, a motor, a speed reducer, a fixed-pitch propeller
fixed to a output shaft of the speed reducer. The speed reducer allows the rotating speed
to be switched to the rotating speed of either a first reduction gear or a second reduction

gear.
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[0003]

Ship propulsion devices described in Patent Document 3 and Patent Docﬁmen{ 4
are ship propulsion devices, such as an azimuth thruster. These Patent Documents 3 and
4 suggest ship propulsion devices in which p.rd_putsion using a single motor generator,
propulsion using a single main engine, and hybrid propulsion in which assist using a
motor generator is added to the output of a main engine are allowed by coupling a motor

generator other than an internal combustion engine that is a main engine.

Citation List
Patent Document

[0004]

| Patent Document 1] Published Japanese Translation No. 2015-514615 of the
PCT International Publication

Patent Document 2] Japanese Unexamimed Patent Application, First Publication
No. 2014-80175

| Patent Document 3] Japanese Patent No. 5107987

| Patent Document 4] Specification of International Publication No.

W0O2011/021727

Summary of Invention
Technical Problem

[0005]

In the above-described related-art hybrid ship propulsion device, electric
propulsion using motor driving is performed as a known technique of a type in which a

propeller is driven.  In the electric propulsion using the motor driving, in a case where
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the fixed-pitch propeller is driven, in order to change the rotating speed of the propeller,
It is necessary to variably control the speed of the motor, and inverter control is required.

However, this type of inverter has a large output such that the propeller can be
driven, and requires a panel for harmonic suppression for the stability of an inboard
power source. Since such an inverter 1s not widely avatlable m the market, the mverter
1s not handled as a general-purpose article.  Also, since such an mverter 1s a
custom-made 1tem, it 1s extremely expensive, a:nd requires an installation space for the
panel for harmonic suppression. This is a reason for low demand for electric propulsion
devices, in contrast with ship propulsion devices in which a propeller and an internal
combustion engine are directly connected together by a shaft.

10006]

Since an inverterless technique 1n which a special mverter 18 not used, a
propulsion device described in Patent Document 2 1s suggested. In this device, an
adjustable-speed gear is provided between a propeller and a motor, and the engine
rota.ting speed of a power generator is made variable in order to change supply frequency
to the motor.  In the case of this system, since the propeller driving power 1s interrupted
at the moment when the adjustable-speed gear 1s changed, there are disadvantages in that
shock 1s generated and riding comfort is poor. This is a so-called gear change state 1n a
case where a car has a manual transmission.

10007)

The invention has been made in view of the above-described circumstances, and
an object thereof is to provide a ship propulsion method and a ship propulsion device that
require small occupation space and cost low, though an iverter 1s used, and are adapted
to be able to achieve efficient drive control and fuel consumption according to propeller

output.
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Solution to Problem

F0008]

The ship propulsion method according to the invention is a ship propulsion
method for rotating a propeller to propel a ship.  The ship propulsion method includes a
procéss of controlling a rotating speed of a sub-motor using an inverter to transmit the
rotating speed to the propeller in a case where a rotating speed of the propeller 1s less
than a predetermined rotating speed; and a process of controlling a rotating speed of a
main motor using a slip clutch to transmit the rotating speed to the propelier in a case
where the rotating speed of the propeller is equal to or more than the predetermined
rotating speed.

According to the invention, in a case where the propeller output is less than the
predetermined rotating speed, the small-capacity sub-motor is rotationally driven by
inverter control to rotate the propeller, and if the propeller output bec‘omes equal to or
more than the predetermined rotating speed, the driving source 1s switched from the
sub-motor to the main motor, and the degree of slip is controlled by the slip clutch
without using the inverter for the rotational driving of the main motor so as to gradually
increase the propeller rotating speed.  Accordingly, since shift from the sub-motor to the
main motor is made without the driving power of the propeller rotation being interrupted,
control of stable propeller output and navigation can be performed. Moreover, since the
inverter also controls the rotation of the smali-capacity sub-motor without using an
internal combustion engine as the driving source, downsizing and space can be secured.

Here, the slip clutch in the invention has a function to be able to arbitrarily drop
the rotating speed in a predetermined range so as to perform power transmission via a

frictional force or a fluid to a device that transmits rotative power. Therefore, for



N

0,

15

20

CA 02941037 2016-09-06

S

example, a friction clutch, a hydraulic clutch, or a torque converter clutch is also included
in the slip clutch.

[0009]

Additionally, 1t 1s preferable that the S'lip clutch 1s held in a cutoff state in a case
where the rotation of the sub-motor is controlled by the inverter and is transmitted to the
propeller.

In the case of low output in which the propeller rotating speed is small, the slip
clutch installed on the downstream side of the main motor is cut off, whereby the loss of
rotational driving of the sub-motor decreases énd driving efficiency 1s improved.

[0010]

Additionally, an on-off clutch provided on a downstream side of the ship clutch
with respect to the main motor may be brought mnto a cutoff state in a case where the
rotation of the sub-motor 1s controlled by the inverter and is transmitted to the propeller.

By bringing the on-off clutch mnto the cutoff state when driving the sub-motor,
the shp clutch, a shaft such as an input shaft, or the like, which is provided in a drive
system of the main motor installed on the upstream side of the on-off clutch is not rotated.
Therefore, the driving loss of the sub-motor is reduced and the driving efficiency 'is
improved, and the fuel consumption can be reduced.

In addition, the on-off clutch m the invention is a clutch that does not aim at
deceleration operation n slip operation, and 1s operated by either a connected state (on
statc) where rotation is transmitted, and a cutofY state (off state) where rotation is not
rotated.

100]1]

Additionally, 1t 1s preferable that the sub-motor is controlled to be zero torque by

the inverter when transmitting the rotation of the main motor to the propeller via the slip
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clutch.

In this case, since the output commanld from the inverter to the sub-motor is set
to torque zero at the time of the rotational driving of the main motor, the sub-motor idles,
and degradation of the efficiency of the driving rotation caused by the main motor can be
suppressed.

[0012]

Additionally, 1t 1s preferable that ro&xﬁon output of the sub-motor 1s also
transmitted to the propeller when the rotation of the propeller is switched from the
sub-motor to the main motor.

In a case where the propeller rotating speed reaches the predetermined rotating
speed that 1s set in advance, the driving source is shifted from the sub-motor to the main
motor. Infhat case, since the sub-motor is not stopped but the driving rotation thereof
continues for a predetermined time, torque assist is performed and the driving source 18

gradually shifted to the main motor gradually. Therefore, smooth shifting can be

!

generated af the time of the shifting of the

S,
Yo’

performed without shock or the hike being

(I

driving source. Therefore, the driving power of the propeller is not interrupted, and
stable navigation with no delay of the propeller rotating speed 1s aillowed.

10013]

The ship propuision device according to the imvention 18 a shp propulsion
device that propels a ship by rotating a propeller.  The ship propulsion device mcludes a
sub-motor that transmits rotation to the propeller in a case where a rotating speed of the
propeller is less than a predetermined rotating speed; an inverter that controls a rotating
speed of the sub-motor; a main motor that transmits rotation to the propeller 1 a case
where the rotating speed of the propeller 1s equal to or more than the predetermined

rotating speed; a slip clutch that controls a rotating speed of the main motor to transmit
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the rotating speed to the propeller; and switching control member that switches a driving
source for the rotation of the propeller from the sub-motor to the main motor 1n a case
where the rotating speed of the propeller becomes equal to or more than the
predetermined rotating speed.

According to the invention, 1n a case ivhere the propeller output 1s less than the
predetermined rotating speed, the small-capacity sub-motor is driven by inverter control
to rotate the propeller, and if the predetermined rotating speed or more 1s reached, ‘the
driving source is switched from the sub-motor to the main motor by the switching control
member, and a power transmission rate, such as the degree of slip, 1s controlled by the
slip clutch for the rotational driving of the main motor so as to further increase the
propeller rotating speed. Therefore, since shift from the sub-motor to the mam motor
can be made without the driving power of the propeller rotation being mterrupted, control
of stable propeller output and navigation can be performed.

[0014]

Additionally, the ship propulsion device may further include an on-off clutch on
a downstream side of the slip clutch.

By bringing the on-off clutch into the cutoff state when driving the sub-motor,
rotation_ is not transmitted to the slip clutch or the like that is a drive system of the mam
motor installed on the upstream side of the on-off clutch. Therefore, the driving loss of
the sub-motor is reduced, and the driving efficiency 1s improved.

In addition, the on-off clutch may be installed between the speed reducer and the
ship clutch.

10015]

Additionally, the ship propulsion device of the invention may further include a

speed reducer that reduces the rotation of the sub-motor and the rotation of the main
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motor to transmit the rotations to the propeller, and the slip clutch may be installed inside
the speed reducer or outside the main motor.

By nstalling the ship clutch between the speed reducer and the main motor, the
driving rotation of the main motor is controlled by the degree of slip of the slip clutch
and 1s transmitted to the propeller via the speed reducer. Thus, the propeller rotation
can be controlled by the slip clutch.  Additionally, since the installation space of the slip
clutch can be omitted in a case where the slip clutch is installed inside the speed reducer,
space 1s saved.

In additton, the main motor may be an induction motor and the sub-motor may

be a synchronous motor.

Advantageous Effects of Invention
[0016]

According to the ship propulsion method and the ship propulsion device x;e]a.ted
to the mvention, if the propeller rotating speed is less than the predetermined rotating
speed, the rotation of the sub-motor is controlled by the inverter and is transmitted to the
propeller so as to rotate the propeller, and if the predetermined rotating speed or more is
reached, the driving source 1s switched from the sub-motor to the main motor, and the
rotation of the main motor s controlled by the ship clutch so that the propelier can be
rotated. Therefore, the rotation of the propeller can be controlied without using an
ternal combustion engine. Moreover, since the sub-motor of which the driving 1s
controlled by the inverter has low output, an expensive made-to-order inverter is not used
but a general-purpose article can be used. Thus, a panel for harmonic suppression- for
the stability of an inboard power source is unnecessary, cost is low, and space is saved.

Furthermore, by using the driving output of the small-capacity sub-motorin a
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stage 1n which the propeller output is less than the predetermined rotating speed and
switching the driving output so as to use the driving output of the main motor by the slip
clutch control in a stage in which the propeller output is equal to or more than the

predetermined rotating speed, the loss of the propeller cutput can be reduced and

N

efficient operation can be performed.

Briet Description of Drawings
- [0017]
FIG | 1s a view showing the configuration of main parts of a ship propulsion
10 device according to the embodiment of the invention.

FIG. 2 15 a partiaily enlarged view showing a drive system of a propeller of the
ship propulsion device shown i FIG. 1.

FIG: 3 1s a graph showing a relationship between propelier rotating speed and
propeller output according to respective propulsion regions of a sub-motor and a main

15  motor.

FIG. 4 1s a graph showing relationships between propeller rotating speed-and
propeller output according to Example, Comparative Example 1 using the main motor,
and Comparative Example 2 using the sub-motor.

FIG. 5 15 a sectional view of main parts showing a coupling configuration

20 between a speed reducer and a slip clutch according to a first modification example of the
present embodiment.

F1G. 6 1s a sectional view of main parts showing a coupling configuration
between a speed reducer and a slip clutch according to a second modification example of

the present embodiment.
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Description of Embodiments

10018]

Heretnafter, a ship propulsion device according to an emibodiment of the present
invention will be described with reference to FIGS. 1 to 4.

A ship propulsion device 1 according to the present invention shown in FIGS. 1
and 2 15 an azimuth thruster that turns a horizontal propeller shaft about a vertical shaft
for transmitting power, and sets a propuision direction. In the ship propulsion device 1
according to the embodiment shown in FIGS. I and 2, a base floor 4 serving as a base
part of the azimuth thruster 3 of the ship propulsion device 1 is fixed to a bottom part of a
stern of a ship 2 loaded w.ith the ship propulsion device 1. A speed reducer 6 including
a gear case 1s placed on an upper surface of the base floor 4, and a horizontal input shaft
7 that transmits drive power, an on-off clutch 8 that has the input shaft 7 coupled to drive
power input side thereof, and a horizontal input/output shaft 9 that has one end coupled
to an output side of the on-off clutch 8 are provided inside the speed reducer 6.  An
upper bevel gear 10 that transmits power in a direction orthogonal to a rotational |
direction of the input/output shaft 9 is provided as a first direction-changing mechanism
within the speed reducer 6.

10019]

In the ship propulsion device 1 according to the present embodiment, a
large-capacity main motor M1 with the same capacity as the propeller output of thé’ ship
2 1s coupled to one side via the input shaft 7 of the speed reducer 6, and a small-capacity
sub-motor M2 is coupled to the other side via the input/output shaft 9. In the ship
propulsion device | of the present embodiment, for example in the case of a work barge
1n which an operational state is divided into low output and high output, driving of the

main motor M1 and the sub-motor M2 serving as driving sources is switched and
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controlled.  An efficient switching operation can be performed by the sub-motor M2
driving a propeller 20 to be described below with low output, and the main motor M1

driving the propeller 20 with high output.  Additionally, depending on propeller output

switching timing of the sub-motor M2 and the main motor M1 can be sel’ec'ted arbiiranly.

10020]

A hollow strut 13 and a casing 14 are integrally attached to a lower side of the
base floor 4 s0 as to protrude downward from the ship 2 and become turnable. The strut
13 and the casing 14 can be turned by a turning driving mechanism that is not shown. A
vertical shaft 15, which is provided within the strut 13 and the casing 14 and extend
substantially vertically, has an upper end part coupled to the upper bevel gear 10 within
the speed reducer 6, and a lower end part thereof pass through the base floor 4 and the
bottom of the ship 2 and extends within the strut 13 and the casing 14 therebelow.

The lower end part of the vertical shaft 15 is coupled to one end side of the
propeller shaft 18 that extends in a horizontal direction via a lower bevel gear 17
provided within the casing 14. The lower bevel gear 17 constitutes a second
direction-changing mechanism. The other end side of the propeller shaft 18 extends
mto a substantially cylindrical duct 19 coupled to the casing 14, and a propeller 20 is
attached to the other end of the propeller shaft 18 located within the duct 19.  The
propeller 20 1s a fixed-pitch propeller.

10021]

Next, a drive mechanism of the ship propulsion device 1 of the ship 2 coupled to
both ends of the speed reducer 6 will be described. In addition, in the present
specification, a power transmission direction from the main motor M1 through the

vertical shaft 15 to the propeller 20 is referred to as a downstream side in a drive system
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of the main motor M1, and its reverse direction is referred to as an upstream side.
Additionally, similarly a power transmission direction from the sub-motor M2 through
the vertical shaft 15 to the propeller 20 is referred to as a downstream side in a drive
system of the sub-motor M2, and 1fs reverse direction is referred to as an upstream side.

In the drive system of the main motor M1 provided i the ship propulsioﬁ device
1, the large-capacity main motor M1 is coupled to an upstream side of the on-off clutch
(detachment clutch) 8 provided in the coupling part between the input/output shaft 9 and
the input shaft 7 of the speed reducer 6 as a driving source. The main motor M1 1s, for
exampléd, an induction motor or the like. The main motor M1 is electrically coupled to,
for example, a main electric power generating engine 22, such as a diesel engine, and can
supply electric power to the main motor M1.  In the usual case, the main electric power
generating engine 22 supplies electric power with a commercial frequency to the main
motor M1, and the main motor M1 rotates at a given speed according to the frequency in
a steady state.

A plurality of the main electric power generating engines 22 may be provided.
The main electric power generating engine 22 requires such power capacity that the main
motor M1 can be started, as an overall power generating machine. However, n the
operation after the starting of the main motor M1, the required electric power capacity
becomes smaller than the above electric power capacity, and in a case where only the
sub-motor M2 is driven, the required electric power capacity becomes smalier.  Since
efficiency decreases in a case where a power generating engine with large electric power
capacity is used for a small load, if the plurality of main electric power generating
engines 22 are provided and a required number of power generating engines are used

according to the necessity of power capacity, the efficiency improves. Additionally, in a
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electric power generating engines with different kinds of electric power capacity may be
combined together.

10022]

..... put shaft 7, a slip clutch 23 is coupled between the mam motor M1 and
the on-off clutch 8.  The slip clutch 23 is constituted of a wet multi-plate type clutch in
which a plurahity of clutch plates are arranged in a stacked manner, and can transmit
torque from one half part of the clutch to the other half part thereon by pressing trictional
surfaces of the respective clutch plates against each other. Moreover, lubricating oil,
such as oil, is always interposed between the frictional surfaces of the respective clutch
plates.

The main motor M1 is driven at a given rotating speed, and propeller rotating
speed is controlled by the slip clutch 23. By shifting among a directly-connected state,
a high-speed rotation state with little slip, and a low-speed rotation state with large slip
through a ship control in which a connected state of the s.i‘ip clutch 23 1s changed, the ship
clutch 23 can be adjusted for acceleration or (iéceleration.

10023]

Additionally, in the drive system of the sub-motor M2 provided in the ship
propulsion device 1, the small-capacity sub-motor M2 is coupled to an upstream side of
the upper bevel gear 10 in the input/output shaft 9 of the speed reducer 6, as a driving
source. The sub-motor M2 1s, for example, a synchronous motor or the like. A
general-purpose and small-sized inverter 24 is connected to the sub-motor M2 and 1s
controlled by a controller 28.  Speed control of the propeller can be performed by
performing the torque control of the sub-motor M2 using the mverter 24 according to the

rotating speed of the propeller that 1s an object to be controlled.

Here, since the small-capacity sub-motor M2 has capacity such that the
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sub-motor can cope with the general-purpose inverter 24, the sub-motor M2 can be set as
an mexpensive system even f the sub-motor M2 is driven by the imnverter.  Specifically,
although the small-capacity general-purpose inverter 24 can set applied motor output
appropriately, the apphied motor output is, for example, 1200 kW or less, preferably 560
kW or less, and more preferably 300 kW or less.

10024]

A resistor 25 is connected to the inverter 24, and if the propeller 20 is braked
under the influence of waves during the driving of the sub-motor M2, electric power can
be generated. In that case, however, power generation can be absorbed by the resistor
25.  Additionally, instead of the resistor 25, a storage battery may be connected to the
inverter 24 so as to store electricity. In this case, in a case where the propeller is ariven.
by the sub-motor M2, 1t is possible to supply the electric power charged into the storage
battery to the sub-motor M2.

The inverter 24 1s electrically connected to the main electric power generating
engine 22, and a noise filter 26 may be connected to this line. A couphing 27 may be
connected between the sub-motor M2 and the input/output shaft 9. Otherwise, instead
of the couphing 27, the on-off clutch (detachment clutch) may be instailed
consideration of safety.

10025]

In the ship propulsion device 1 according to the present embodiment, the
controller 28 that switches between the driving of the sub-motor M2 and the driving of
the main motor M1 is installed. In a case where rotating speed of a propeller 20 is
measured using a suitable measuring mstrument, and the rotgtin ¢ speed of the propelier
20 is less than a predetermined rotating speed R that is set in advance, the small-capacity

sub-motor M2 is driven, and in a case where the rotating speed of the propelier 20 1s
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equai to or more than the predetermined rotating speed R, the driving source is switched
from the sub-motor M2 to the main motor M1 and is driven.
In addition, as the value of the predetermined rotating speed R of the propeller

20, a suitable value can be selected in advance depending on the capacity of the

N

sub-motor M2, the output of the propeller 20, a method of operating a work barge, or the
like.

[0026]

FIG. 3 1s a graph showing relationships between control switching points of the
respective propulsion regions of the sub-motor M2 and the main motor M1 in the :;;hip
10 propuilsion device 1, the propeller rotating speed, and the propeller output.

As shown in FIG. 3, in a low output propeller operation state from the beginning,
the on-off clutch 8 is detached, the sub-motor M2 is driven, and the propeller output is
raised. If the rotating speed of the propeller 20 reaches a control switching point of the
predetermined value R, detection i1s made by the controller 28, and the driving source is

15  controlied so as to be switched from the sub-motor M2 to the main motor M1,

In a switching shift period of the d.r.iving source, even if rotating speed exceeds
R, the sub-motor M2 continues transmitting its rotation to the input/output shaft 9
without performing stop or cutoff, assists the main motor M1 in torque, and shifts the
driving source to the main motor M1 gradually. The driving source just has to be

20 switched from the sub-motor M2 to the main motor M1 until the propeller rotation
creases within a range of a given rotating speed from a control switching point of the
rotating speed R.

10027]

After the driving source has fully shifted to the main motor M1, the sub-motor

23 M2 s rotated by the main motor M1 together with the propeller 20. However, since the
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torque of the sub-motor M2 is controlled and an output command from the inverter 24 to
the sub-motor M2 makes torque 0 Nm, only idling occurs.
The control switching point and switching completion rotating speed of the

driving source can be arbitrarily set by a navigation method or a ship operator’s intention.

LN

Since switching 1s made between the main motor M1 and the sub-motor M2 by the slip
clutch 23 while controlling the rotating speed,’ the driving power to the propeller 20 1s not
mterrupted, and smooth and stable navigation without discomfort in which the propeller
rotating speed is not delaved is enabled.

[0028]

10 Next, a calculation example of the magnitude of loss of the propelier output
depending on the presence/absence of the slip clutch 23 is investigated through
comparison with reference to FIG. 4. FIG. 4 shows the comparison between the loss of
the inverter and the loss of a variable speed device of the slip clutch, without taking into
consideration the loss of the motors Of a pOWEr generator.

15 In FIG. 4, a case where the sub-motor M2 1s driven at a low propelier output n
the ship propulsion device 1 according to the embodiment and the driving source is
switched to the main motor M1 at the predetermined rotating speed R or higher was
adopted as an Example. Additionally, throughout the full range (0% to 100%) of the
propetller rotating speed, a case where only the main motor M1 is driven was adopted as

20 Comparative Example 1 (referred to as slip loss) and a case where only the sub-motor

M2 with the mverter 24 is driven was adopted as Comparative Example 2 (referred to as

inverter loss).

Changes in the loss of the propeller output when increasing the propelier
rotating speed from 0% to 100% was tested using these Example and Comparative

25  Examples 1 and 2. Changes in the propeller output according to Example was
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represented as a propeller load for reference.

100291

In Comparative Example 2, the loss of the propeller output changed n about 5%.
In Comparative Example 1, the loss of the propeller output changed in a gently-sloping
mounting shape, the loss of propeller output exceeds about 10% at the time of a
low-speed rotation smaller than the predetermined rotating speed R, and the fuel
consumption of the main electric power generating engine 22 that drives the mam motor
M1 deteriorates. Moreover, the inverter control has better response and better siﬁp
steerability than the slip clutch 23.

In contrast, in Example, the propeller output loss changes similar to
Comparative Example 2 (inverter loss) until the propeller rotating speed reaches the
predetermined rotating speed R at the time of control switching, and the propelier output
loss is about 5%. Therefore, the propeller output loss is smaller than Comparative
Example 1 (slip loss) and the efficiency becomes better by the same amount and the fuel
consumption of the main electric power generating engine 22 becomes better.

Therefore, in a case where the propeller output increased, the driving source 1s
switched from the sub-motor M2 to the main motor M1 if the propeller rotating speed
reaches the control switching point shown in FIG. 3, and in a case where the propeller
output is reduced, switching the driving source from the main motor M1 to the sub-motor
M2 can be said to be efficient in the fuel cons&mp{ion of the main electric power
generating engine 22

{0030]

The ship propulsion device | according to the present invention includes the
above-described configuration, and next, a ship propulston method will‘ be described with

reference to FIGS. | to 4.
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The sub-motor M2 is controllied by the inverter 24 according to an i'ilstnzc;tioll
from the controller 28 when starting the driving of the ship propulsion device 1 according
to the present embodiment.  In that case, however, the on-off clutch 8 is cut off, and
drive power is not transmitted to the slip clutch 23 and the main motor Mi. In this case,
although the maim motor M1 is a drive state, the main motor M1 may be in a stopped
state.

Therefore, the driving loss of the main motor M1 is eiinﬁnated, which 1s
efficient. The sizb-motor M2 of which the dr:iv.ing is controlled by the inverter 24
transmits its low-output rotational driving power to the input/output shaft 9 and the speed
reducer 6 via the coupling 27. Then, the power is fransmitted from the upper bevel gear
10 within the speed reducer 6 via the vertical shaft 15 and the lower bevel gear 17 to the
propeller shaft 18, and rotationaily drives the propeller 20.

0031]

Then, if the propeller rotating speed becomes equal to or more than R that is the
control switching value, in the controller 28, the on-off clutch 8 is coupled, and the
driving source is switched from the sub-motor M2 to the main motor M1 and 1s
rotationally driven.  Then, the rotational driving power of the main motor M1 1s
transmitted to the input shaft 7, the on-oft clufch 8, the input/output shaft 9, and the speed
reducer 6 via the slip clutch 23, and the power is further transmitted from the upper bevel
gear 10 to the vertical shaft 15, and rotationally drives the propeller 20 with high output.

In the main motor M1 that rotates at a constant speed, a low-speed rotation state
with large slip is changed to a high-speed rotaﬁon state that has little slip or becomes a
clutch directly-connected state through the slip control of the slip clutch 23.  In a case
where the slip rotating speed 1s reduced, slip control can be performed in a reverse

direction so as {0 make a deceleration adjustment.
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[0032]

Switching is not immediately completed at the time of shifting the driving
source, the sub-motor M2 is also rotatively driven transitionally together with the mam
motor M1 so as to perform torque assist, and the driving source 1s gradually sli.iftea to the
mam motor M1 while raising the rotating speed. Then, the driving source 1s fully
shifted to the main motor M1 until the propellér rotating speed rises from the control
switching point by a given rotating speed. If the driving source 1s fully shifted to the
main motor M1, the sub-motor M2 is rotated by the main motor M1 together with the
propeiler 20. However, since the torque of the sub-motor M2 is controllied, and an
output command from the mverter 24 is makes torque 0 Nm, idling occurs.

In addition, in a case where the rotatibn of a propeller 20 1s deceleration driving,
drive control just has to be performed contrary to the above-described case.

[0033]

According to the ship propulsion device 1 and ship propulsion method according
to the present embodiment as described above, if the rotating speed of the propeller 20 1s
less than the predetermined rotating speed R, fhe rotation of the sub-motor M2 1s
controlled by the inverter 24 so as to rotate the propeiler 20, and 1f the rotating speed of
the propeller 1s equal to or more than the predetermined rotating speed R, the rotation of
the main motor M1 is controlled by the slip clutch 23 so as to rotate the propeller 20.
Therefore, the rotation of the propeller 20 can be controlied without using an internal
combustion engine.

Moreover, since the sub-motor M2 controlled by the inverter 24 has low output
and small capacity, an expensive made-to-order inverter is not used but a general-purpose
article 1s satisfactory, and since a panel for harmonic suppression for the stability of an

inboard power source 15 unnecessary, cost is low, and space is saved,
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Additionally, the two types of motors are used, and combination is made by
performing the driving of the sub-motor M2 by the inverter control in a case where the
propelier 20 has low output and by driving the main motor M1 by the slip clutch control
in which the inverter 24 is not used in a case where the propeller 20 has high output.
Therefore, the driving power of the propeller 20 is not interrupted, shifting can be
smoothly and continuously performed, and stable navigation can be performed.
Moreover, an efficient operation can be performed by reducing the loss of the propeller
output, and the fuel consumption of the main electric power generating engine 22 that
drives the two motors can be reduced.

{0034]

Additionally, in a stage where the sub-motor M2 is driven with the propeller
rotation being low-speed rotation, the transmission of power from the main motor M1 is
cut off by the on-off clutch 8 within the speed reducer 6. Therefore, there is no need to
transmit the rotation to the mput shaft 7 and the slip clutch 23 on the upstream side, the
driving loss decreases, and the driving efficiency improves.

Also,,‘the torque 1s controlled by the inverter 24 at the time of the driving of the
sub-motor M2 so as to drive the propeller 20.  However, since the propeller 20 is braked
under the influence of waves or the like, in a case where electric power is generated by
the sub-motor M2, the electric power can be absorbed by the resistor 25.  Additionally,
if a storage battery is connected instead of the resistor 25, it is possible to perform reuse,
such as charging electric power to supply the electric power to the sub-motor M2.

10035]

In addition, the mnvention is not limited to the ship propulsion device 1 and the
ship propulsion method according to the above-described embodiment, various changes

or substitutions can be made without departing from the concept of the invention, and
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these are included in the invention. Next, although the modification examples of the
embodiment of the present invention have been described, the modification exampie will
be described with the same reference signs being given to the same portions or members
as those of the above-described embodiment.

10036]

FI1G. 5 shows a ship propulsion device 1 A according to a first modification
example of the embodiment of the present invention.  In the present first modification
example, the on-off clutch 8 within the speed reducer 6 on the downstream side of the
main motor M1 is omitted. In the present first modification example, the slip clutch 23
provided on the upstream side of the speed reducer 6 is also made to function as the
on-off clutch 8.

Therefore, the transmission of driving to the main motor M1 can be prevented
by cutting off the ship clutch 23 when driving the rotation of the sub-motor M2 at fhe
time of the low-speed rotation of the propelier 20.

[0037]

Next, FIG. 6 shows a ship propulsion device 1B according to a second
modification example.  Also in the present second modification example, the on-olt
clutch 8 within the speed reducer 6 on the downstream side of the mam motor M1 1s
omitted. Also, the ship clutch 23 is provided within the speed reducer 6 and 15 made to
function as the on-off clutch 8.

Therefore, in present the second modification example, similar to the first
modification example, the transmission of driving to the main motor M1 can be
prevented by cutting off the ship clutch 23 when driving the sub-motor M2 at the time of
the low-speed rotation of the propeller 20.  Moreover, since the ship clutch 23 15

installed within the speed reducer 6, 1t is not necessary to provide an installation space
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for the slip clutch 23 outside the speed reducer 6, and space 1s further saved.

[0038]

In addition, thé above-described embodiment, in the main motor drive system,
the ship clutch 23 is provided on the downstream side of the main motor M1. However,
for example, a friction clutch, a hydraulic clutch, a torque converter clutch, or the hike
can be adopted as the shp clutch 23.

Additionally, in the drive system of the sub-motor M2, the coupling 27 or the
on-off clutch that is provided between the sub-motor M2 and the input/output shaft 9
may be omitted, and the sub-motor and the input/output shaft may be directly coupled

together.

[ndustrial Applicability

[0039]

The invention provides a ship propuision device and a ship propuision method
that requires small occupation space and cost low, though an mverter 1s used, and are
adapted to be able to achieve efficient drive control and fuel consumption accordiﬁg to

propeller output.

Reference Signs List
10040]
I, 1A, 1B: SHIP PROPULSION DEVICE
2: SHIP
6: SPEED REDUCER
7. INPUT SHAFT

8: ON-OFF CLUTCH
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9. INPUT/OUTPUT SHAFT

20: PROPELLER
23: SLIP CLUTCH
24; INVERTER

28: CONTROLLER
MI1: MAIN MOTOR

M2: SUB-MOTOR
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CLAIMS

. A ship propulsion method for rotating a propelier to propel a ship, the ship
propulsion method comprising:

a process of controlling a rotating speed of a sub-motor using an inverter to
transmit the rotating speed to the propeller when a rotating speed of the propeller is less
than a predetermined rotating speed; and

a process of controlling a rotating speed of a mam motor using a slip clutch to
transmit the rotating speed to the propeller when the rotating speed of the propeller is

equal to or more than the predetermined rotating speed.

2. The ship propulsion method according to Claim 1,
wherein the slip clutch 1s held n'a cutoff state when the rotation of the

sub-motor 1s controlled by the inverter and 1s transmitted to the propeller.

3. The ship propuision method according to Claim 1,
wherein an on-off clutch provided on a downstream side of the ship clutch with
respect to the maimn motor 1s brought into a cutoff state when the rotation of the sub-motor

1s controlled by the inverter and 1s transmitted to the propelier.

4. The ship propulsion method according to any one of Claims 1 to 3,
wherein the sub-motor is controlled to be zero torque by the inverter when
transmutting the rotation of the main motor to the propeller via the slip clutch.

e

5. The ship propuision method according to any one of Claims 1 to 4,
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wherein rotation output of the sub-motor is also transmitted to the propeller

when the rotation of the propeller is switched from the sub-motor to the main motor.

6. A ship propulsion device that propels a ship by rotating a propeller, the ship

propulsion device comprising:

a sub-motor that transmits rotation to the propeller when a rotating speed of the
propeller is less than a predetermined rotating speed:;

an mverter that controls a rotating speed of the sub-motor;

a main motor that transmits rotation to the propeller when the rotating speed of
the propeller 1s equal to or more than the predetermined rotating speed;

a slip clutch that controls a rotating speed of the main motor to transmit the
rotating speed to the propeller; and

a switching control member that switches a driving source for the propeller from
the sub-motor to the main motor when the rotating speed of the propeller becomes equal

to or more than the predetermined rotating speed.

7. The ship propulsion device according to Claim 6, further comprising

an on-oft clutch on a downstream side of the main motor.

8. The ship propulsion device according to Claim 6 or 7, further comprising:
a speed reducer that reduces the rotation of the sub-motor and the rotation of the
main motor to transmuit the rotations to the propeller, and the slip clutch is installed inside

the speed reducer or outside the main motor.

9. The ship propulsion device according to any one of Claims 6 to 8§,
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wherein the main motor 1s an iduction motor, and the sub-motor 1s a

synchronous motor.
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FIG. 2
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