EP 4 480 807 A1

(19)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
25.12.2024 Bulletin 2024/52

(21) Application number: 23180308.1

(22) Date of filing: 20.06.2023

(11) EP 4 480 807 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):

(52)

B63H 21/20(2006.01)
B63H 23/12 (2006.01)

B63H 23/30 (2006.07)
B63H 21/38 (2006.01)

Cooperative Patent Classification (CPC):
B63H 21/20; B63H 21/38; B63H 23/30;
B63B 79/40; B63H 23/12; B63H 2021/202;
B63H 2021/205

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULV MC ME MK MT NL

NO PL PT RO RS SE SI SK SM TR
Designated Extension States:

BA

Designated Validation States:

KH MA MD TN

(71) Applicants:
e ZF Friedrichshafen AG
88046 Friedrichshafen (DE)

(74)

* ZF PADOVA S.r.l
35030 Caselle di Selvazzano (PD) (IT)

Inventors:
¢ Caracristi, Mattia
35030 Caselle di Selvazzano (PD) (IT)
¢ Gallato, Fernando
35030 Caselle di Selvazzano (PD) (IT)

Representative: ZF Friedrichshafen AG
Gewerblicher Rechtsschutz
LowentalerstraBe 20

88046 Friedrichshafen (DE)

(54)

(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 electric motor (2)

MARINE HYBRID DRIVE UNIT AND METHOD TO DRIVE SUCH A MARINE HYBRID DRIVE UNIT

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] The presentinvention relates to a marine 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. With amarine hybrid drive unita boat 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 by minimizing the wake created by passing 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-
ply makes 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
electric motoris 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-
ferentinputand output speeds. At very low speedsitis not
possible to achieve a reliable and constant propeller
speed with this method.

[0005] The purpose of the present invention is to pro-
vide an improved marine hybrid drive unit with a pressure
actuated transmission clutch, which allows energy opti-
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mized cruising conditions especially in a low-speed
range.

[0006] This purpose is achieved by a marine hybrid
drive unitaccording to claim 1 and by a method according
to claim 8. Further embodiments are claimed in depen-
dent claims.

[0007] The presentinvention 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
transmission may comprise a transmission housing to, at
least partially, enclose the input shaft, the pressure ac-
tuated transmission clutch and the output 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 driving mode can be 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
propulsion systems. The presentinvention now proposes
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] Inone embodimentthe low-speedrange canbe
defined to boat speeds below 5 knots. Hence, a control
unit of the marine hybrid drive unit or the boat can be
configured to actuate the auxiliary oil pump when a speed
control signal is below 5 knots, so that the auxiliary oil
pump can provide hydraulic pressure when boatis 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 the electric motor, which is able to drive the input
shaft in the low-speed range with the required torque.
There can be gears installed between a motor 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 pump when 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
clutch with a pressure actuated piston, which operates on
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 presentinvention can be operated 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 present marine hybrid drive unit does not need to be a
modulatable clutch. Hence, the transmission clutch can
be a modulatable 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. The main oil pump and the auxiliary oil pump
can be connected to the oil lubrication system to supply
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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 a marine 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-
prises atransmission 3 with aninput shaft4 and an output
shaft 5. The input shaft 4 can selectively be driven solely
by the combustion engine 1, solely by the electric motor 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
connected and disconnected to aninput shaft4 by means
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 clutch 15 whereas the input shaft 4 is fastened to
an output element 13 of the input clutch 15. The input
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clutch 15in this embodiment is a multi-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 hybrid module 10 which is mounted in between
the combustion engine 1 and the transmission 3. The
electric motor 2 is mounted to a module 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
the electric motor 2 via gear steps 16, wherein a gearratio
ofthe gear steps 16 is set to drive the input shaft 4 with the
main oil pump 7. The gear ratio of the gear steps 16isina
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
meshes with a second spur gear 18 which 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 clutch 15is also a part of the hybrid module
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
theinput shaft4. However, the presentinvention provides
an arrangement and a method to avoid the energy con-
suming slipping operation of the transmission clutch 6 in
the low-speed range, by using only the electric motor 2 for
generating the required drive torque and speed, while the
transmission clutch 6 is fully engaged.

[0026] The transmission 3 comprises a main oil pump7
and an auxiliary oil pump 8. The main oil pump 8 is driven
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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 the marine 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
the auxiliary oil pump 8 and to generate signals for driving
the input shaft 4 solely by the electric motor 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
101 may be located atanother position in the boatand 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
human machine interface like a control orcommand 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 arange between 500 and 700 rpm at 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 signals a speed of the input shaft 4 below 700 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]

combustion engine
electric motor
transmission

input shaft

output shaft
transmission clutch
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
transmission clutch (6) to selectively connectthe
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 the pressure
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
the auxiliary oil pump (8) when a 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).
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5.

10.

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).

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.

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).

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 electric motor (2), while the pressure for
the pressure actuated transmission clutch (6) is
being provided by an auxiliary oil pump (8).

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

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.



EP 4 480 807 A1

ve

€c

6 €

|

=

b 8 €L Gl 0L 2L ¥l L0l

/

| 614

4 001

=

6l

| ——8l1

Ll

lc 9l L



10

15

20

25

30

35

40

45

50

55

EP 4 480 807 A1

Europaisches
Patentamt

European i - -
0’ Patent Office EUROPEAN SEARCH REPORT Application Number

Office européen

des brevets EP 23 18 0308

w

EPO FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Helev_ant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)

A,D US 8 393 926 B2 (BRATEL DEAN J [US]; TWIN |1-10 INV.

DISC INC [US]) 12 March 2013 (2013-03-12) B63H21/20

* column 5, line 18 - line 57; figures 1-9 B63H23/30

* B63H23/12

----- B63H21/38

A EP 1 123 865 Al (ZAHNRADFABRIK 1-10

FRIEDRICHSHAFEN [DE])

16 August 2001 (2001-08-16)

* paragraphs [0002], [0007], [0015],
[0016]; figure 1 *

A WO 2022/263076 Al (ZAHNRADFABRIK 1-10
FRIEDRICHSHAFEN [DE]; ZF PADOVA SRL [IT])
22 December 2022 (2022-12-22)

* page 5, paragraph 3 - page 6, paragraph
1; figure 1 *

TECHNICAL FIELDS
SEARCHED  (IPC)

B63H

B63B

The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 18 December 2023 Székely, Zsolt
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention

E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A technological background e et
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




EP 4 480 807 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 23 18 0308

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

18-12-2023
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 8393926 B2 12-03-2013 AU 2010213622 Al 23-06-2011
BR PI1008751 A2 15-03-2016
CN 102307781 A 04-01-2012
EP 2396219 A2 21-12-2011
ES 2713823 T3 24-05-2019
JP 5748673 B2 15-07-2015
JP 2012517383 A 02-08-2012
KR 20110128178 A 28-11-2011
Us 2010203777 Al 12-08-2010
WO 2010093883 A2 19-08-2010
EP 1123865 Al 16-08-2001 DE 10005538 a1l 09-08-2001
EP 1123865 Al 16-08-2001
WO 2022263076 Al 22-12-2022 NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




EP 4 480 807 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 8393926 A [0004]



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

