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(54) MARINE HYBRID DRIVE UNIT ANDMETHOD TO DRIVE SUCH AMARINE HYBRID DRIVE UNIT

(57) Marine hybrid drive unit (100) with an electric
motor (2) and a transmission (3). The transmission (3)
comprises an input shaft (4), an output shaft (5) and a
pressure actuated transmission clutch (6) to selectively
connect the input shaft (4) to the output shaft (5). The
input shaft (4) can selectively be driven solely by a
combustion engine (1), solely by the electric motor (2)
or by the combustion engine (1) and the electricmotor (2)

simultaneously. The transmission (3) further comprises a
main oil pump (7), which is driven by the input shaft (4) to
provide oil pressure for actuating the pressure actuated
transmission clutch (6). The marine hybrid drive unit
further comprises an auxiliary oil pump (8) for providing
oil pressure to the pressure actuated transmission clutch
(6) during operation in a low-speed range.A method for
driving such a marine hybrid drive unit (100).
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Description

[0001] Thepresent invention relates to amarine hybrid
drive unit comprising a transmission with a pressure
actuated transmission clutch and to a method to drive
such a marine hybrid drive unit.
[0002] A typical conventional marine propulsion sys-
tem comprises one or two drive trains, each with a diesel
engine and a transmission with speed reduction gear
steps interposed between the engine and the propeller.
This type of propulsion, in which the propeller character-
istics and a certain reduction ratio between the engine
and the propeller are preset at the design stage, often
includes a pressure actuated transmission clutch for
operating at lower speeds than a nominal speed.
[0003] In recent years there is an increasing demand
for marine hybrid drive units for environmental and effi-
ciency reasons.Withamarinehybriddriveunit aboat can
be propelled solely by an electric motor without any local
emissions especially in ecologically sensitive areas or in
harbors and mooring areas. During certain operating
phases it is also more efficient to propel a boat solely
by the electric motor, especially if a boat shall be pro-
pelled in a low-speed range, for example in a no-wake
zone. Such no-wake zones might be in place to protect a
marina byminimizing thewake created bypassing boats,
or because the waterway is congested. In this situation,
the function of a no wake zone is like that of a speed limit
on a city street. If the waterway is narrow, and perhaps
especially congested, having every boat slow down sim-
plymakes for safer navigation. The combustion engine of
the hybrid drive unit provides sufficient power for normal
and high-speed cruising.
[0004] Different marine hybrid drive units comprising a
combustion engine and an electric motor are already
known from prior art. One example of a marine hybrid
drive unit with a transmission has been disclosed in US 8
393 926 A. Said transmission comprising a transmission
input shaft for accepting power into the transmission and
a transmission output shaft for outputting power to a
propeller. A first prime mover in form of a combustion
engine is selectively coupled to the transmission input
shaft, whereas a second prime mover in form of an
electricmotor is permanently coupled to the transmission
input shaft. A modulatable transmission clutch assembly
is operably coupled to the transmission input and output
shafts such that the power and speed from the input shaft
can be variably transferred to the output shaft. Such a
modulatable transmission clutch assembly is configured
to modulate or vary the amount of power transmitted
therethrough. In a troll or trolling mode the modulatable
transmission clutch is operated with a slip, i.e. with dif-
ferent input andoutput speeds.At very lowspeeds it isnot
possible to achieve a reliable and constant propeller
speed with this method.
[0005] The purpose of the present invention is to pro-
vide an improvedmarine hybrid drive unit with a pressure
actuated transmission clutch, which allows energy opti-

mized cruising conditions especially in a low-speed
range.
[0006] This purpose is achieved by a marine hybrid
drive unit according to claim1andby amethodaccording
to claim 8. Further embodiments are claimed in depen-
dent claims.
[0007] The present invention provides a marine hybrid
drive unit with an electric motor and a transmission. The
transmission comprising an input shaft, an output shaft
and a pressure actuated transmission clutch to selec-
tively connect the input shaft to the output shaft. The
transmissionmay comprise a transmission housing to, at
least partially, enclose the input shaft, the pressure ac-
tuated transmission clutchand theoutput shaft. The input
shaft can selectively be driven solely by a combustion
engine, solely by the electric motor or by the combustion
engine and the electric motor simultaneously. The selec-
tion of a corresponding drivingmode canbe controlled by
a control unit of the boat, depending on the demanded
speed and/or other operating conditions like charging
status of batteries.
[0008] The transmission further comprises a main oil
pump, which is driven by the input shaft to provide oil
pressure for actuating the pressure actuated transmis-
sion clutch. Such main oil pumps which are driven by an
input shaft or another transmission shaft are well-known
as integral parts of transmissions in conventional marine
propulsionsystems.Thepresent inventionnowproposes
an auxiliary oil pump for supplying oil to the pressure
actuated transmission clutch during operation in a low-
speed range.
[0009] The auxiliary oil pump shall be installed addi-
tional to the main oil pump. The auxiliary oil pump can
provide hydraulic pressure in the low-speed range, when
the main pump driven by the input shaft does not supply
sufficient oil pressure or volume, because the rotational
speed of the driving input shaft is too slow.
[0010] In one embodiment the low-speed range canbe
defined to boat speeds below 5 knots. Hence, a control
unit of the marine hybrid drive unit or the boat can be
configured toactuate theauxiliary oil pumpwhenaspeed
control signal is below 5 knots, so that the auxiliary oil
pump canprovide hydraulic pressurewhenboat is driven
with a speed between 0 and 5 knots. In one alternative
embodiment the low-speed range can be defined to
operation with rotation speeds of the input shaft below
a preset threshold in a range between 500 and 700 rpm
(revolutions per minute).
[0011] In the low-speed range the boat can be driven
solely by theelectricmotor,which is able to drive the input
shaft in the low-speed range with the required torque.
There canbegears installed betweenamotor shaft of the
electric motor and the input shaft to provide for an ade-
quate transmission ratio for a maximum efficiency of the
electric motor in a drive mode and in a recharge mode.
The auxiliary oil pump can be actuated as soon as the
rotational speed of the input shaft is below a certain
threshold. A control unit can be configured to actuate
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the auxiliary oil pumpwhen the input shaft is driven in the
low-speed range and/or when the input shaft is driven
solely by the electric motor. Additionally the auxiliary oil
pump may be actuated, depending on current operating
conditions or modes, for example when the oil pressure
which is generated by the main oil pump falls under a
preset threshold value.
[0012] The invention benefits from the fact, that con-
ventional hybrid boat drive units have a relatively high
energy demand in the low-speed range. Conventional
hybrid drive boat units use a modulatable transmission
clutchwith apressureactuatedpiston,whichoperateson
clutch disks which are disposed between a rotatable
driving disk-carrier and a rotatable driven disk-carrier
to effect clutch modulation. In the low-speed range such
a modulatable clutch is operated with slip between the
driving and driven disks to achieve the requested low-
speed rotation of the propeller shaft. Such low-speed
operation is also called trolling mode. However, the slip-
ping operation of the modulatable transmission clutch is
demanding a significant amount of energy which does
not contribute to the propulsion of the boat. A hybrid drive
unit according to the present invention canbeoperated in
the low-speed range without any slip in the transmission
clutch. With other words the transmission clutch can be
fully engaged during operation in the low-speed range.
Hence, a significant amount of energy can be saved. The
electric motor directly drives the input shaft in the low-
speed range without a minimum speed limit. With other
words, the invention enables an energy efficient opera-
tion in the low-speed range without any clutch trolling in
the transmission. The hybrid boat drive unit according to
the invention allows for operations with very low rotation
speed at the output shaft corresponding to a propeller
speed near to 0 rpm. A controlled and constant operation
with such a low propeller speed is not possible in the
conventional trolling mode with a slipping clutch.
[0013] The pressure actuated transmission clutch of
the presentmarine hybrid drive unit does not need to be a
modulatable clutch. Hence, the transmission clutch can
be amodulatable clutch or another switchable clutch like
a dog clutch. However, significant benefits can be
achieved, when a conventional marine hybrid drive unit
with a modulatable clutch is modified to the proposed
marine hybrid drive unit and driven according to the
method proposed further below.
[0014] The hybrid boat drive unit may further include a
pressure actuated input clutch, which is provided to
connect and disconnect the combustion engine to/from
the input shaft. The oil pressure for the actuation of the
pressure actuated input clutch may also be provided by
the main oil pump when the input shaft rotates with
sufficient speed. Especially in the low-speed range, the
oil pressure for the actuation of the input clutch can be
provided by the auxiliary oil pump.
[0015] The transmission may comprise an oil lubrica-
tion system. Themain oil pumpand the auxiliary oil pump
can be connected to the oil lubrication system to supply

oil to the oil lubrication system. This way a correct lubri-
cation in terms of oil flow rate and lubrication oil pressure
can be ensured in all speed ranges. The control unit may
control oil pressure and oil flow in the oil lubrication
system for the lubrication of elements in the transmission
and in the hybrid module.
[0016] The auxiliary oil pump can be an electric pump.
It can be positioned outside of the transmission housing.
The auxiliary oil pump may be fixed to the transmission
housing and connected by oil tubes and ducts to an oil
supply system of the transmission and/or marine hybrid
drive unit. The auxiliary oil pump shall be configured in
size and power, to provide sufficient oil volume and
pressure to allow the functionality of the transmission
clutch, the input clutch, and the oil lubrication system at
least in the low-speed range.
[0017] Another aspect of the invention is a method for
driving amarine hybrid drive unit as described above in a
low-speed range solely by the electric motor, while the
pressure for the pressure operated clutch is being pro-
vided by the auxiliary oil pump. The proposed method
allows to operate a boat in the low-speed range with
significant energy savings.
[0018] The invention will be further and more particu-
larly described in the following, by way of example only,
and with reference to the accompanying figure.

Fig. 1 shows a marine hybrid drive unit according to
the invention in a schematic drawing.

[0019] The marine hybrid drive unit 100 as shown in
Fig. 1 can be mounted inside the hull of a boat. The
marine hybrid drive unit 100 comprises a combustion
engine 1 and an electric motor 2 for propelling the boat
in different operation modes.
[0020] The marine hybrid drive unit 100 further com-
prisesa transmission3withan input shaft 4andanoutput
shaft 5. The input shaft 4 can selectively be driven solely
by the combustion engine 1, solely by the electricmotor 2
or by the combustion engine 1 and the electric motor 2
simultaneously. The output shaft 5 in this embodiment
being arranged with a downward angle with regard to the
input shaft 4. The output shaft 5 being connected to a
propeller shaft of the boat either directly or via further
transmitting elements.
[0021] The combustion engine 1 includes a crankshaft
20 which is connected to a drive shaft 14 of a hybrid
module 10. The connection between the crankshaft 20
and the drive shaft 14 may comprise a flywheel and/or a
torsional damper which are not shown in the scheme of
Fig. 1.
[0022] In this embodiment the drive shaft 14 can be
connectedanddisconnected toan input shaft 4bymeans
of a pressure actuated input clutch 15. The crankshaft 20
and the input shaft 4 are arranged coaxial to each other.
The crankshaft 20 is fastened to an input element 12 of
the input clutch15whereas the input shaft 4 is fastened to
an output element 13 of the input clutch 15. The input
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clutch 15 in this embodiment is amulti-disk-friction-clutch
with inner and outer friction disks. The input element 12
being designed as an inner disk-carrier, whereas the
output element 13 is designed as an outer disk-carrier.
The inner and outer friction disks are pressed against
each other to provide for the required transmission of
torque.
[0023] The input clutch 15 and the electric motor 2 are
part of the hybridmodule 10which ismounted in between
the combustion engine 1 and the transmission 3. The
electric motor 2 is mounted to amodule housing 11 of the
hybrid module 10 such, that a motor shaft 21 of the
electric motor 2 is arranged in parallel to the input shaft
4. The electric motor 2 is permanently connected to the
input shaft 4 and to the output element 13 of the input
clutch 15. The input shaft 4 is permanently connected to
theelectricmotor 2 via gear steps16,wherein agear ratio
of thegear steps16 is set to drive the input shaft 4with the
main oil pump7. The gear ratio of the gear steps 16 is in a
range between 2 and 3 which allows for efficient opera-
tion when the electric motor 2 is driving the input shaft 4
and when the electric motor 2 is driven as a generator to
recharge an electric battery 22 which is connected to the
electric motor 2. The gear steps 16 are part of the hybrid
module 10 and arranged inside the module housing 11.
The gear steps 16 comprise a first spur gear 17 which is
fastened to the motor shaft 21. The first spur gear 17
mesheswith a second spur gear 18which is supported in
the module housing 11. The second spur gear 18 further
meshes with a toothing 19 which is an integral part of the
output element 13 of the input clutch 15. The pressure
actuated input clutch15 isalsoapart of thehybridmodule
10.
[0024] The transmission 3 further includes a pressure
actuated transmission clutch 6 to selectively connect the
input shaft 4 to the output shaft 5. The pressure actuated
transmission clutch 6 is arranged inside a transmission
housing 9. The pressure actuated transmission clutch 6
is a hydraulically actuated multi-disk clutch. The input
shaft 4 is fastened to an outer disk carrier of the transmis-
sion clutch 6, whereas an inner disk carrier of the trans-
mission clutch 6 is rigidly fastened to a pinion 23. Pinion
23 is permanently meshing with an output gear 24 which
is fastened to the output shaft 5.
[0025] The pressure actuated transmission clutch 6
can be fully engaged, fully disengaged or it can be
operated in slipping operation. The slipping operation
of the transmission clutch 6 can be used to adjust the
speed of the output shaft 5 continuously in a range
between 100% and 25% with regard to the speed of
the input shaft 4.However, thepresent inventionprovides
an arrangement and a method to avoid the energy con-
suming slipping operation of the transmission clutch 6 in
the low-speed range, byusingonly theelectricmotor 2 for
generating the required drive torqueand speed,while the
transmission clutch 6 is fully engaged.
[0026] The transmission3comprisesamainoil pump7
and an auxiliary oil pump 8. Themain oil pump 8 is driven

by the input shaft 4 to provide oil to the oil lubrication
system, for actuating the pressure actuated input clutch
15 and for actuating the pressure actuated transmission
clutch 6. An auxiliary oil pump 8 is positioned outside of
the transmission housing 9 and shall be actuated during
operation in the low-speed range. The auxiliary oil pump
8 is an electric pump and comprises an electric pump
motor.
[0027] A control unit 101 of themarine hybrid drive unit
100 is arranged to control the propulsion in different
operating modes. Especially for operations in the low-
speed range, the control unit 101 is configured to actuate
theauxiliary oil pump8and to generate signals for driving
the input shaft 4 solely by the electricmotor 2. The control
unit 101 contains electronic components and hydraulic
components like valves for the control of oil flow and oil
pressure in the oil supply system. The control unit 101
further includes interfaces to be connected to a control
unit of the combustion engine 1 and/or to other control
units of the boat. In other embodiments the control unit
101maybe locatedat another position in theboat and the
control unit 101 may comprise several separate control
boxes or devices.
[0028] The auxiliary oil pump 8 can be actuated by a
control unit 101, which is configured to actuate the aux-
iliary oil pump 8 when a speed control signal is below 5
knots. The speed control signal can be generated by a
humanmachine interface likea control or command lever
at the helmstand of the boat. The control unit 101 will
receive the speed control signal and generate corre-
sponding command signals to the combustion engine
1, the electric motor 2 and to the auxiliary oil pump 8,
depending on the position of the control or command
lever. In alternative embodiments the low speed range
can be defined to rotation speeds below a preset thresh-
old in a range between 500 and 700 rpmat the input shaft
4, so that the control unit 101 can actuate the auxiliary oil
pump 8 when a sensor signal from an input shaft speed
sensor signalsaspeedof the input shaft 4below700 rpm.
[0029] The oil supply system includes the main oil
pump 7, the auxiliary oil pump 8, as well as all required
connecting ducts and/or pipes, valves and further hy-
draulic components to provide and to control an appro-
priate oil pressure for the actuation of the transmission
and the input clutches 6, 15 and for the oil lubrication
system.

Referals

[0030]

1 combustion engine
2 electric motor
3 transmission
4 input shaft
5 output shaft
6 transmission clutch
7 main oil pump
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8 auxiliary oil pump
9 transmission housing
10 hybrid module
11 module housing
12 input element
13 output element
14 drive shaft
15 input clutch
16 gear steps
17 first spur gear
18 second spur gear
19 toothing
20 crankshaft
21 motor shaft
22 electric battery
23 pinion
24 output gear
100 marine hybrid drive unit
101 control unit

Claims

1. Marine hybrid drive unit (100) with an electric motor
(2) and a transmission (3),

the transmission (3) comprising an input shaft
(4), an output shaft (5) and a pressure actuated
transmissionclutch (6) toselectively connect the
input shaft (4) to the output shaft (5), wherein the
input shaft (4) can selectively be driven solely by
a combustion engine (1), solely by the electric
motor (2) or by the combustion engine (1) and
the electric motor (2) simultaneously,
the transmission (3) further comprising a main
oil pump (7), which is driven by the input shaft (4)
to provide oil pressure for actuating thepressure
actuated transmission clutch (6),characterized
by an auxiliary oil pump (8) for providing oil
pressure to the pressure actuated transmission
clutch (6) during operation in a low-speed range.

2. Marine hybrid drive unit (100) according to claim 1,
wherein a control unit (101) is configured to actuate
theauxiliary oil pump (8)whena speed control signal
is below 5 knots.

3. Marine hybrid drive unit (100) according to claim 1 or
2, wherein a control unit (101) is configured to ac-
tuate the auxiliary oil pump (8)when a rotation speed
of the input shaft (4) is below a preset threshold in a
range between 500 and 700 rpm.

4. Marine hybrid drive unit (100) according to one of the
preceding claims, wherein a control unit (101) is
configured to actuate the auxiliary oil pump (8) when
the input shaft (4) is driven solely by the electric
motor (2).

5. Marine hybrid drive unit (100) according to one of the
preceding claims, wherein a pressure actuated input
clutch (15) is provided to connect and disconnect the
combustion engine (1) to the input shaft (4), and
wherein the main oil pump (7) and the auxiliary oil
pump (8) are arranged to provide oil for the actuation
of the pressure actuated input clutch (15).

6. Marine hybrid drive unit (100) according to one of the
preceding claims, wherein the transmission (3) com-
prises an oil lubrication system, and wherein the
main oil pump (7) and the auxiliary oil pump (8)
are connected to the oil lubrication system to supply
oil to the oil lubrication system.

7. Marine hybrid drive unit (100) according to one of the
preceding claims, wherein the auxiliary oil pump (8)
is positioned outside of a transmission housing (9) of
the transmission (3).

8. Method for driving a marine hybrid drive unit (100)
according to one of the preceding claims, wherein
the input shaft (4) is driven in a low-speed range
solely by the electricmotor (2), while the pressure for
the pressure actuated transmission clutch (6) is
being provided by an auxiliary oil pump (8).

9. Method according to claim 8, wherein the low-speed
range is defined to boat speeds between 0 and 5
knots.

10. Method according to claim 8, wherein the low-speed
range is defined to rotation speeds of the input shaft
(4) below a preset threshold in a range between 500
and 700 rpm.
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