Office de la Propriete Canadian CA 2611392 A1 2006/12/14

Intellectuelle Intellectual Property
du Canada Office (21) 2 61 1 392
g,lnngL%?rri‘fgaena " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2006/06/09 (51) ClLInt./Int.Cl. B63H 5/70(2006.01),

B63H 23/04 (2006.01)

(71) Demandeur/Applicant:
SCHOTTEL GMBH & CO. KG, DE

(72) Inventeurs/Inventors:

(87) Date publication PCT/PCT Publication Date: 2006/12/14
(85) Entree phase nationale/National Entry: 200//12/07
(86) N° demande PCT/PCT Application No.: DE 2006/000993

(87) N° publication PCT/PCT Publication No.: 2006/131107 REUTER, REINHOLD, DE;

(30) Priorités/Priorities: 2005/06/09 (DE20 2005 009 075.1); HEER, MAN_FR_ED, DE;
2005/07/01 (DE20 2005 010 385.3); JANSEN, PETER, DE
2005/07/13 (DE20 2005 011 057.4); (74) Agent: MARKS & CLERK

2005/08/31 (DE20 2005 013 752.9)

(54) Titre : PROPULSION NAVALE ET PROCEDE DE PROPULSION NAVALE
54) Title: SHIP PROPULSION UNIT AND SHIP PROPULSION METHOD

TSIV

. LS

"

141 x|
t A AR |

11)

el —'

—N 1 N/

(57) Abrégée/Abstract:
The invention relates to a ship propulsion unit (1) with drive devices in the hull and an underwater pod (2), which Is located outside
of the hull and which has a front propeller (5) and a rear propeller (4) as well as torgue transmitting devices between the drive
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(57) Abrege(suite)/Abstract(continued):

devices (A) and the propellers (4, 5). The torque transmitting devices contain: a torgue transmitting shaft that is shared by both
propellers and serves to transmit torque from the drive devices into the underwater pod; front transmission devices, which are
placed In the underwater pod and which are located between the shared torque transmitting shaft of both propellers and the front
propeller, and; rear transmission devices that are located between the shared torque transmitting shaft of both propellers and the
rear propeller. The invention also relates to a ship propulsion method during which a front propeller and a rear propeller, which are
assigned to an underwater pod located outside of the hull, are driven by drive devices In the hull via torque transmitting devices.
Both propellers are driven via: a torgue transmitting shaft, which is contained in the torque transmitting devices, shared by both
propellers, and which serves to transmit torque from the drive devices to the underwater pod; front transmission devices, which are
placed In the underwater pod and which are located between the shared torque transmitting shaft of both propellers and the front

propeller, and; rear transmission devices that are located between the shared torque transmitting shaft of both propellers and the
rear propeller.
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(54) Title: SHIP PROPULSION UNIT AND SHIP PROPULSION METHOD
(54) Bezeichnung: SCHIFFSANTRIEB UND SCHIFFSANTRIEBSVERFAHREN

(57) Abstract: The invention
A relates to a ship propulsion unit
(1) with drive devices in the hull
and an underwater pod (2), which
is located outside of the hull and
which has a front propeller (5)
and a rear propeller (4) as well
as torque transmitting devices
between the drive devices (A) and
the propellers (4, 5). The torque
transmitting devices contain: a
torque transmitting shaft that 1is
shared by both propellers and serves
to transmit torque from the drive
devices into the underwater pod;
front transmission devices, which
are placed in the underwater pod and
which are located between the shared
torque transmitting shaft of both
propellers and the front propeller,
and; rear transmission devices that
are located between the shared
torque transmitting shaft of both
\ / propellers and the rear propeller.
The invention also relates to a ship
~. propulsion method during which a front propeller and a rear propeller, which are assigned to an underwater pod located outside of
\& the hull, are driven by drive devices in the hull via torque transmitting devices. Both propellers are driven via: a torque transmitting
shaft, which is contained in the torque transmitting devices, shared by both propellers, and which serves to transmit torque from
) the drive devices to the underwater pod; front transmission devices, which are placed in the underwater pod and which are located
between the shared torque transmitting shaft of both propellers and the front propeller, and; rear transmission devices that are

o located between the shared torque transmitting shaft of both propellers and the rear propeller.
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(57) Zusammenfassung: Die vorliegende Erfindung betrifft einen Schiffsantrieb (1), mit Antriebseinrichtungen im Schiffsrumpf
und einer auBlerhalb des Schiffsrumpfes gelegenen Unterwassergondel (2) mit einem vorderen Frontropeller (5) und einem hinte-
ren Heckpropeller (4) sowie Drehmomentiibertragungseinrichtungen zwischen den Antriebseinrichtungen (A) und den Propellern
(4,5), wobei die Drehmomentiibertragungseinrichtungen eine fiir beide Propeller gemeinsame Drehmomentiibertragungswelle zur
Ubertragung von Drehmoment von den Antriebseinrichtungen bis in die Unterwassergondel, und in der Unterwassergondel ange-
ordnete Frontgetriebeeinrichtungen, die zwischen die gemeinsame Drehmomentiibertragungswelle der beiden Propeller und den
Frontropeller zwischengeschaltet sind, sowie Heckgetriebeeinrichtungen enthalten, die zwischen die gemeinsame Drehmomentii-
bertragungswelle der beiden Propeller und den Heckpropeller zwischengeschaltet sind. Ferner betriffft die Erfindung ein Schiffsan-
triebsverfahren, wobei ein vorderer Frontropeller und ein hinterer Heckpropeller, die einer auBBerhalb des Schiffsrumpfes gelegenen
Unterwassergondel zugeordnet sind, von Antriebseinrichtungen im Schiffsrumpf iiber Drehmomentiibertragungseinrichtungen an-
getrieben werden, und wobei der Antrieb der beiden Propeller tiber eine in den Drehmomentiibertragungseinrichtungen enthaltene,
fiir beide Propeller gemeinsame Drehmomentiibertragungswelle zur Ubertragung von Drehmoment von den Antriebseinrichtungen
bis in die Unterwassergondel, und iiber in der Unterwassergondel angeordnete Frontgetriebeeinrichtungen, die zwischen die ge-
meinsame Drehmomentiibertragungswelle der beiden Propeller und den Frontropeller zwischengeschaltet sind, sowie Heckgetrie-
beeinrichtungen erfolgt, die zwischen die gemeinsame Drehmomentiibertragungswelle der beiden Propeller und den Heckpropeller
zwischengeschaltet sind.
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SHIP PROPULSION UNIT AND SHIP PROPULSION METHOD

The present invention relates to a double-propeller drive and to a double-propeller drive
method for ships, as well as to a ship propulsion unit with a high-temperature superconductor
motor.

Such double-propeller drives or twin-propeller drives by the applicant have been
successfully placed on the market in known constructions up to outputs of 2000 kW. For larger
applications, according to the construction, due to the large diameter of a required ring gear,
which must transfer the torque of the propeller at the rotational speed of the propeller, the
underwater pod diameter becomes so large that a considerable amount of the good efficiency is
lost.

The present invention has and realizes the objective of improving double-propeller drives
and double-propeller drive methods. The present invention further has and realizes the objective
of improving double-propeller drives and double-propeller drive methods for ships, as well as
ship propulsion units with a high-temperature superconductor motor. Specifically, the invention
has and realizes the objective of improving double-propeller drives with a high-temperature
superconductor motor, so that good efficiency remains at high outputs. The invention further has
and realizes, in particular, the objective of improving ship propulsion units with a high-
temperature superconductor, so that a high output to the propeller or propellers is achieved with
simple means while maintaining good efficiency.

These goals are achieved with a ship propulsion unit according to Claim 1 and also a ship
propulsion method according to Claim 24.

Accordingly, the invention creates a ship propulsion unit comprising drive devices in the
hull and an underwater pod located outside of the hull with a front propeller and a rear propeller,
as well as torque-transmitting devices between the drive devices and the propellers, wherein the
torque-transmitting devices contain a torque-transmitting shaft that is shared by both propellers
for transmitting torque from the drive devices to the underwater pod and front transmission
devices, which are placed 1n the underwater pod and which are located between the shared
torque-transmitting shaft of both propellers and the front propeller, as well as rear transmission
devices that are located between the shared torque-transmitting shaft of both propellers and the
rear propeller.

Preferably, 1t 1s further provided that only one fraction of the torque 1s transmitted via the
torque-transmitting shaft to the two propellers at a corresponding rotational speed, wherein via

the torque-transmitting shaft preferably only approximately 15% to approximately 40%,
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especially approximately 20% to approximately 35%, and preferably approximately 25% to
approximately 30% of the torque is transmitted to the two propellers at the corresponding
rotational speed.

Furthermore, at least one ring gear-bevel gear pair is assigned to the torque-transmitting
shaft for reversing the direction of rotation and only a fraction of the torque 1s transmitted to the
two propellers at the corresponding rotational speed via the one or more ring gear-bevel gear
pair. Here, advantageously via the one or more ring gear-bevel gear pair, only approximately
15% to approximately 40%, especially approximately 20% to approximately 35%, and
advantageously approximately 25% to approximately 30% of the torque can be transmitted to
both propellers at the corresponding rotational speed.

Preferably, the front transmission devices contain a front planetary gear and/or the rear
transmission devices contain a rear planetary gear. Here, it 1s further preterred when the tront
planetary gear and/or the rear planetary gear contain/contains a gear reduction for achieving at
least approximately the full torque at the corresponding propeller. Alternatively or additionally, it
can be provided that the front planetary gear and/or the rear planetary gear have/has a gear
reduction of approximately 2 to approximately 5, especially approximately 2.5 to approximately
4.5, and preferably approximately 3 to approximately 4.

In another preferred construction the front transmission devices contain a front ring gear
and an associated front pinion gear, which is engaged with this front ring gear and which 1s
coupled to the torque-transmitting shaft, and/or that the rear transmitting devices contain a rear
ring gear and an associated rear pinion gear, which is engaged with this rear ring gear and which
is coupled to the torque-transmitting shaft, wherein, in particular, the front pinion gear and/or the
rear pinion gear lie or lies on the torque-transmitting shaft and preferably the front pinion gear
and/or the rear pinion gear are or is locked in rotation with the torque-transmitting shaft. An
alternative or additional refinement is achieved in that the front ring gear-bevel gear pair and/or
the rear ring gear-bevel gear pair contain or contains gear reduction for achieving at least
approximately the full torque to the corresponding propeller, wherein advantageously the front
ring gear-pinion gear pair and/or the rear ring gear-rear pinion gear pair have or has a gear
reduction of approximately 2 to approximately 5, especially approximately 2.5 to approximately
4.5, and preferably approximately 3 to approximately 4.

In the ship propulsion unit according to the invention, it can be further provided that the
front transmission devices and the rear transmission devices are designed so that the two
propellers rotate in the same direction or that the front transmission devices and the rear
transmission devices are designed so that the two propellers rotate opposite each other or that

direction of rotation reversing devices acting on at least one of the two propellers are provided,
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by means of which it can be adjusted so t the two propellers rotate in the same or opposite
directions.

Another preferred refinement consists in that the front transmission devices and the rear
transmission devices are designed so that the two propellers rotate at different speeds, wherein,
in particular, the front transmission devices and the rear transmission devices are designed so
that the rear propeller rotates faster than the front propeller.

It is further preferred when there are rotational speed control devices acting on at least
one of the two propellers, by means of which the rotational speed ratio between the two
propellers can be adjusted. Another similarly preferable construction consists in that a
differential transmission is located between the torque-transmitting shaft and the two propellers.

The ship propulsion unit according to the invention can be further improved
advantageously such that the two propellers have parallel or coaxial rotational axes, which are at
a non-90° angle to the vertical, so that the front propeller lies lower than the rear propeller. In a
refinement of this construction, it is further preferred that the smaller angle of the rotational axes
of the two propellers to the vertical equals approximately 80° to approximately 89°, especially
approximately 82° to approximately 87°, and preferably at least approximately 85°.

Especially advantageous is the combination of any preceding constructions with the
further advantageous feature, according to which the drive devices contain a high-temperature
superconductor motor.

Through the invention, a ship propulsion method is further created, wherein a front
propeller and a rear propeller, which are assigned to an underwater pod placed outside of the
hull, are driven by drive devices in the hull via torque-transmitting devices and wherein the two
propellers are driven via a torque-transmitting shaft contained in the torque-transmitting devices
and shared by both propellers for transmitting torque from the drive devices to the underwater
pod and via front transmission devices, which are located in the underwater pod and which are
placed between the shared torque transmission shaft of the two propellers and the front propeller,

as well as rear transmission devices, which are placed between the shared torque-transmitting

shaft of the two propellers and the rear propeller.

This can be advantageously improved in that only a fraction of the torque 1s transmitted
to the two propellers at the corresponding rotational speed via the torque transmission shatt,
wherein furthermore, in particular, via the torque transmission shaft only approximately 15% to
approximately 40%, especially approximately 20% to approximately 35%, and preferably
approximately 25% to approximately 30% of the torque is transmitted to the two propellers at the
corresponding rotational speed.

Furthermore, it is preferred if at least one ring gear-bevel gear pair 1s assigned to the

torque-transmitting shaft for reversing the direction of rotation and 1f only a fraction of the
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torque is transmitted to the two propellers at the corresponding rotational speed via the one or
more ring gear-bevel gear pair, wherein, in addition, preferably via the one or more ring gear-
bevel gear pair, only approximately 15% to approximately 40%, espectally approximately 20%
to approximately 35%, and advantageously approximately 25% to approximately 30% of the
torque is transmitted to the two propellers at the corresponding rotational speed.

It is also preferred that the front transmission devices contain a front planetary gear
and/or that the rear transmission devices contain a rear planetary gear, and that through the front
planetary gear and/or the rear planetary gear a gear reduction is performed for reaching at least
approximately the full torque to the corresponding propeller, and/or that through the front
planetary gear and/or the rear planetary gear, a gear reduction takes place from approximately 2
to approximately 5, especially approximately 2.5 to approximately 4.5, and advantageously
approximately 3 to approximately 4. '

Another preferred construction of the ship propulsion method according to the invention
consists in that the front transmission devices contain a front ring gear and an associated front
pinion gear, which is engaged with this front ring gear and which 1s coupled to the torque-
transmitting shaft, and/or that the rear transmission devices contain a rear ring gear and an
associated rear pinion gear, which is engaged with this rear ring gear and which 1s coupled to the
torque-transmitting shaft, and that the front pinion gear and/or the rear pinion gear lie or lies on
the torque-transmitting shaft. Additional preferred constructions consist in that the front pinion
gear and/or the rear pinion gear are rotated identically to the torque-transmitting shaft, and/or
that through the front ring gear-front pinion gear pair and/or the rear ring gear-rear pinion gear
pair, gear reduction is realized for delivering at least approximately the full torque to the
corresponding propeller, wherein, especially by the front ring gear-front pinion gear pair and/or
the rear ring gear-rear pinion gear pair, gear reduction of approximately 2 to approximately 5,
especially approximately 2.5 to approximately 4.5, and preferably approximately 3 to
approximately 4 1s realized.

[t can be advantageously provided that the front transmission devices and the rear
transmission devices are designed so that the two propellers rotate in the same direction or that
the front transmission devices and the rear transmission devices are designed so that the two
propellers rotate in opposite directions or that there are direction of rotation reversing devices
acting on at least one of the two propellers, by means of which it 1s adjusted that the two
propellers rotate in the same or opposite directions.

It is further preferred when the front transmission devices and the rear transmission
devices are designed so that the two propellers rotate at different speeds, wherein, 1n particular,
the front transmission devices and the rear transmission devices are designed so that the rear

propeller rotates faster than the front propeller.
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Another preferred construction consists in that there are rotational speed control devices
acting on at least one of the two propellers, by means of which a rotational speed ratio between
the two propellers is adjusted. Alternatively or additionally it can be advantageously provided
that a differential transmission is located between the torque-transmitting shaft and the two
propellers, through which the different rotational speeds between the front propeller and the rear
propeller are set.

In the ship propulsion method it can be further advantageously provided that the two
propellers have parallel or coaxial rotational axes, which are at a non-90° angle to the vertical, so
that the front propeller lies lower than the rear propeller. This can be refined, in particular, 1n that
the smaller angle of the rotational axes of the two propellers to the vertical equals approximately
80° to approximately 89°, especially approximately 82° to approximately 87°, and
advantageously approximately at least 85°.

It is further especially advantageous in the ship propulsion method according to the
invention when the drive devices contain a high-temperature superconductor motor, through
which the torque-transmitting shaft 1s driven.

Accordingly, the invention creates, in particular, a ship propulsion unit, which 1s
constructed as a double-propeller drive comprising drive devices in the hull and two at least
essentially coaxial propellers, which are assigned to an underwater pod, as well as torque-
transmitting devices between the drive devices and the propellers, wherein the torque-
transmitting devices contain a ring gear-bevel gear pair in the underwater pod for transmitting
only a portion of the torque, as well as a planetary gear assigned to each propeller within the
underwater pod with gear reduction for delivering at least approximately the full torque to the
propellers.

Preferably, the two, 1n pafticular, at least essentially coaxial propellers are mounted so
that they can rotate on or in the underwater pod.

Furthermore, the invention creates, in particular, also a ship propulsion method 1n the
form of a double-propeller drive method, wherein torque is transmitted from the drive devices in
the hull to two at least essentially coaxial propellers on an underwater pod, and wherein
furthermore, from the drive devices only a portion of the torque 1s transferred via a ring gear-
bevel gear pair in the underwater pod to at least one planetary gear assigned to each propeller
within the underwater pod, with which gear reduction for delivering at least approximately the
full torque to the propellers 1s realized.

Furthermore, the invention preferably creates a ship propulsion unit with a double-
propeller drive comprising drive devices, which contain a high-temperature superconductor
motor in the hull and two at least essentially coaxial propellers on an underwater pod, as well as

torque-transmitting devices between the drive devices and the propellers, wherein the torque-
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tfransmitting devices contain a ring gear-bevel gear pair in the underwater pod for transmitting
only a portion of the torque, as well as a planetary gear assigned to each propeller within the
underwater pod with gear reduction for delivering at least approximately the full torque to the
propellers.

Additional preferred and/or advantageous constructions of the invention emerge from the
claims and their combinations, as well as all of the present application documents.

The invention is explained in more detail below using embodiments with reference to the
drawing merely as examples, in which

Figure 1 shows a schematic of a first embodiment of a double-propeller drive in a
‘longitudinal section and

Figure 2 shows a schematic of a second embodiment of a double-propeller drive 1n a
longitudinal section,

Figure 3 shows a schematic of a third embodiment of a double-propeller drive in a
longitudinal section, and

Figure 4 shows a schematic of a fourth embodiment of a double-propeller drive in a
longitudinal section.

The invention will be explained in more detail using the constructions and embodiments
described below and shown in the drawings merely as examples, i.e., the invention 1s not limited
to these constructions and embodiments or to the combination of features within these
embodiments and constructions. Method and apparatus features also emerge analogously from
method and apparatus descriptions.

Individual features, which are specified and/or illustrated in connection with an actual
embodiment, are not limited to this embodiment or the combination with the other features of
this embodiment, but instead can be combined within the scope of technical possibilities, with
other variants, also when they are not separately discussed 1n the present documents.

[dentical reference symbols in the individual figures and images of the drawing designate
identical or similar components with identical or similar functions. With reference to the
representations in the drawing, those features that are not provided with reference symbols also
become clear, independently of whether or not those features are described below. On the other
hand, features contained in the present description but not visible or illustrated in the drawing
can also be easily understood by someone skilled 1n the art.

Figure 1 shows schematically, in longitudinal section, a first embodiment ot a ship
propulsion unit S in the form of a double-propeller drive 1, which is also designated as a twin-

propeller drive.

The double-propeller drive 1 contains a pear-shaped underwater pod 2 with an

underwater gear 3 housed in this pod, as well as two propellers 4 and 5. The rear propeller 4
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pointing in the direction toward the stern of the ship (not shown) is to be considered as the rear
propeller 4 and the front propeller 5 pointing in the direction toward the bow of the ship 1s to be
considered accordingly as the front propeller 5.

The underwater gear 3 contains a ring gear 6 and a bevel gear 7 on an axle 8 leading to
each propeller 4 and 5, in order to transmit torque from drive devices A arranged 1n a hull R,
from which the underwater pod 2 extends downward, to the two propellers 4 and 5 via the
underwater gear 3.

According to the invention, now via the ring gear-bevel gear pair 6, 7 in the underwater
gear 3, for example, in particular only 25-30% of the torque 1s transmitted to the propellers 4 and
5 at the corresponding rotational speed. Through the arrangement of planetary gears 9 and 10
with gear reduction from 3 to 4, the necessary propeller torque at the corresponding rotational
speed 1s first achieved before the propellers 4 and 5. Different gear reductions of the planetary
gears 9 and 10 allow an optimum propeller design.

In the embodiment according to Figure 1, the two planet wheel stages contain, in a
typical way, sun wheels, planet wheels, and ring gears, as well as a planet carrier 11, which are
connected to each driveshaft 12 and 13, on which the propellers 4 and 5, respectively, are
arranged. The construction, as well as the eftect and function of such planetary gears 9 and 10,
are known, in principle, to those skilled in the art, so that a detailed explanation 1s unnecessary
here. Furthermore, any constructions known from the technical field of planetary gears can be
used in connection with the present ship propulsion unit S or double-propeller drive 1 at the
discretion of those skilled 1n the art.

Through the construction according to the invention, a smaller diameter of the pear shape
of the underwater gear 3 can be realized in comparison with conventional constructions, which
provides better efficiency for the system. Also, ditferent rotational speeds of the propellers 4 and
5 are possible, which allows a more advantageous propeller design. Lower rotational speeds and

larger torques on the propellers 4 and 5 are possible, without the disadvantage of a large ring

gear diameter.

For the previously explained embodiment according to Figure 1, a version with counter-
running propellers 4 and 5 1s possible, wherein a planetary gear 10 1s constructed with fixed
planet carrier 11' and the connection from a ring gear 14 to the propeller shaft 13 1s constructed
as shown in the schematic section view of Figure 2, wherein parts that are identical or similar to
those shown in Figure 1 are provided with the same reference symbols and are not explained
again here 1n order to avoid repetition. Instead, the reader 1s reterred to the descriptions

concerning Figure 1.

For this design, with the variation of the rotational speeds and the direction of rotation in

connection with the small diameter of the pear shape, the prerequisites for an increase in
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efficiency of twin-propellers systems of more than 5% relative to previous conventional
constructions are possible.

For the sake of completeness, with reference to all of the embodiments specified in the
present document, the two planetary gear stages 15 and 16 are also mentioned, which have a
typical construction with sun wheels, planet wheels, and ring gears and which therefore do not
need to be further explained here.

With reference to Figure 3, below another embodiment of a ship propulsion unit S or
double-propeller drive 1 will be explained. As far as this double-propeller drive 1 according to
the third embodiment shown in Figure 3 has the same components and functions as the first
embodiment, which 1s shown in Figure 1 and which was explained above with reference to this
figure, these components and functions will not be discussed again below, but instead only those
components and functions that differ from the first embodiment according to Figure 1 will be
discussed in order to avoid simple repetition. With regard to the matching components and
functions in the first and third embodiments, the reader 1s referred to the preceding description
concerning the first embodiment according to Figure 1.

In the third embodiment of a ship propulsion unit S or double-propeller drive 1 shown 1n
Figure 3 in a schematic longitudinal section, a differential gear 17, which 1s also designated as an
equalizing gear, 1s provided between the two propellers 4 and 5. Through the arrangement of the
differential gear 17, the load 1s balanced between the two propellers 4 and 5, which brings or
holds the load on the two propellers 4 and 5 in all operating situations to the same level. The
differential gear 17, which is provided in the double-propeller drive 1 according to the third
embodiment shown in Figure 3, 1s constructed and designed to be used in connection with
propellers 4 and 5 running in the same direction with planetary gears 9 and 10. Without
restrictions, however, it 1s also possible to realize the construction and design of the differential
gear 17 so that such a differential gear 17 can be used for an arrangement with propellers 4 and 5
running in the opposite direction.

The construction and also the effect and function of such a differential or equalizing gear
17 1s known, 1n principle, to someone skilled 1n the art, so that a detailed explanation 1s
unnecessary here. Furthermore, any constructions known from the technical field of differential
or equalizing gears can be used in connection with the present double-propeller drive 1 at the
discretion of those skilled 1n the art.

The variant of the ship propulsion unit S or double-propeller drive 1 with a difterential or
equalizing gear 17 can also be realized for double or twin-propeller drives 1 with only one bevel-
gear stage in the underwater gear 3 between the ring gear-bevel gear pair 6 and the two
propellers 4 and 5. This can be implemented, for example, by dividing the axle 8, which 1s

likewise the axial connection of the two propeller shafts 12 and 13.
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Another such independent aspect of the present invention as well as simultaneously also
another variant of the embodiments explained above consists in that the drive devices contain at
least one high-temperature superconductor motor HTSLM, which 1s housed in the hull. Such a
high-temperature superconductor motor HTSLM 1s powered with electrical power, for example,
by a diesel-electric system.

In principle, a high-temperature superconductor motor HTSLM has good efficiency but
requires, in order to be able to achieve correspondingly high outputs that are required at the
propeller or the propellers, a large and thus very expensive system. Through the present
invention, in the scope of this independent aspect to be described now and also a related
embodiment, which 1s also to be considered as a construction and/or refinement of the other
aspects of the present invention, it 1s possible for the high-temperature superconductor motor
HTSLM to have a smaller construction than would otherwise be necessary for a conventional
construction for an essentially direct line transmission to the propeller or propellers. Here,
because essentially general technical teaching 1s used according to the embodiments explained 1n
connection with the figures of the drawing, the general description and especially the description
related to the figures and embodiments 1n this regard are incorporated to their full extent in the
present explanation, 1n order to avoid simple repetition. Furthermore, because a graphical
1llustration 1s not required for understanding the additional technology to be described now, no
1llustration 1s provided.

The other claimed independent aspect of the present invention, as well as simultaneously
also the other variants of the previously explained embodiments consist 1n that, as was already
described above, the drive devices contain at least one high-temperature superconductor motor
HTSLM, which is housed in the hull. An essential feature here is also a gear increase by torque
transmission devices, which are connected between the drive devices and the propeller or
propellers. These torque transmission devices are provided, as also stated 1n the other
embodiments of the drive devices, in the underwater pod, where parts of these torque

transmission devices are housed, which also can be realized, for example, 1n other constructions

very generally, but do not absolutely have to be realized 1n this way.

Preferably, the torque transmission devices according to one embodiment contain a ring
gear-bevel gear pair in the underwater pod for transmitting only a portion of the torque as well as
a planetary gear assigned to each propeller within the underwater pod with gear reduction for
delivering at least approximately the full torque to the propellers. In this way, a significantly
smaller high-temperature superconductor motor HISLM can be used in comparison with a
variant without the gear increase realization. Due to the specific requirements of a high-

temperature superconductor motor HTSLM, this is of very decisive advantage, first, for

exploiting the advantages of a high-temperature superconductor motor HTSLM and, second and



CA 02611392 2007-12-07

10

mainly, for the basic application of a high-temperature superconductor motor HTSLM 1n the ship
propulsion field, i.e., for a mobile application limited in terms of space and also power.

A smaller high-temperature superconductor motor HTSLM has the advantage that the
cooling requirements are lower. In this way, first, the application of a high-temperature
superconductor motor HTSLM on a ship is possible for the first time or 1s at least considerably
-simplified, in principle, and, second, the tasks for the "smaller" high-temperature superconductor
motor HTSLM are overall significantly smaller than for a larger, 1.€., in particular, higher-power
variant of a high-temperature superconductor motor HTSLM. In this way, 1in an especially
advantageous way, a significantly more favorable realization of the application of a high-
temperature superconductor motor HTSLM on a ship 1s achieved. According to the invention, a
high-temperature superconductor motor HTSLM with a small torque can be used, because a
higher torque, which can be nevertheless achieved at relatively low expense with a small high-
temperature superconductor motor HTSLM in connection with the gear increase in the torque-
transmitting devices, compensates the torque, for example, in the underwater gear. For example,
through the construction with the planetary gear named above, a high torque is available at the
propeller or propellers. Thus, in comparison with a high-power motor 1n the small high-
temperature superconductor motor HTSLM, through which the same power can be provided by a
high rotational speed, but at a smaller torque, through the gear according to the invention, a
necessary high torque can be provided in the torque-transmitting devices at the propeller or the
propellers.

In a fourth embodiment of a ship propulsion unit S or double-propeller drive 21 shown
schematically and partially cut away in Figure 4 with a propulsion unit P, the drive 1s realized via
a driveshaft AW preferably vertically. The force transmission is then split in a pod housing H of
the underwater pod 3 between an upper and a lower pinion gear Ro and Ru, respectively. The
two pinion gears Ro and Ru each engage in only one of two ring gears 23 and 24, respectively,

which each form one of two bevel gear stages K1 or K2 with their associated pinion gear Ro and
Ru.

These two separate bevel gear transmission stages K1 and K2 can be realized, e.g.,
through an axle angle o less than 90°, through the use of an equalizing shatt 22 for compensating
angular or radial axle offsets between the two pinion gears Ro and Ru or also through
correspondingly different gear diameters. The use of an angle a less than 90° produces the
positive effect that the pod G is inclined in the direction of flow shown symbolically by the
arrows 27. The advantageous and therefore especially preferred angle o ot 85° corresponds well

to the typical angles of flow for stern propulsion units in ships.
Therefore, because the power to be transferred 1s divided at two gears and these gear

stages K1 and K2 can also have different gear ratios, the system of the double-propeller drive 21
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has a very small construction in terms of pod diameter and can be optimized at low rotational
speeds for the front propeller 25 freely recetving a flow and correspondingly higher rotational
speed can be constructed for the rear propeller 26 operating in the accelerated flow.

In addition, the design allows the realization of large outputs for mechanical rudder
propellers for the use of typical, achievable gear-set dimensions.

Method and apparatus features also emerge, as already specified above, analogously from
the device and apparatus descriptions, respectively.

The invention has been explained using the embodiments merely as examples in the
description and in the drawing and is not limited to these embodiments, but instead includes all
variations, modifications, substitutions, and combinations that someone skilled 1n the art can
infer from the present document, especially within the scope of the claims and the general
spectfications in the introduction of this description, as well as the description of the
embodiments, and can be combined with technical knowledge from this field as well as from the
state of the art. In particular, all of the individual features and possible constructions of the
invention and its embodiments can be combined.
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Claims

|. Ship propulsion unit comprising drive devices in the hull and an underwater pod
placed outside of the hull with a front propeller and a rear propeller, as well as torque-
transmitting devices between the drive devices and the propellers, characterized in that the
torque-transmitting devices contain a torque-transmitting shaft shared by both propellers for
transmitting torque from the drive devices into the underwater pod and front transmission
devices, which are arranged in the underwater pod and which are located between the shared
torque-transmitting shaft of the two propellers and the front propeller, and also rear transmission
devices, which are located between the shared torque-transmitting shaft of the two propellers and
the rear propeller.

2. Ship propulsion unit according to Claim 1, characterized in that only a fraction of the
torque 1s transmitted via the torque-transmitting shafl to the two propellers at the corresponding
rotational speed.

3. Ship propulsion unit according to Claim 2, characterized in that via the torque-
transmitting shaft only approximately 15% to approximately 40%, especially approximately 20%
to approxiumately 35%, and preferably approximately 25% to approximately 30% of the torque is
transmitted to the two propellers at the corresponding rotational speed.

4. Ship propulsion unit according to one of the preceding claims, characterized in that at

least one ring gear-bevel gear pair 1s assigned to the torque-transmitting shaft for reversing the
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direction of rotation and that only a fraction of the torque 1s transmitted to the two propellers at
the corresponding rotational speed via the one or more ring gear-bevel gear pairs.

5. Ship propulsion unit according to Claim 4, characterized m that via the one or more
ring gear-bevel gear pairs, only approximately 15% to approximately 40%, especially
approximately 20% to approximately 35%, and preferably approximately 25% to approximately
30% ot the torque is transmitted to the two propellers at the corresponding rotational speed.

6. Ship propulsion unit according to one of the preceding claims, characterized in that the
front transmission devices contain a front planetary gear and/or that the rear transmission devices
contain a rear planetary gear.

7. Ship propulsion unit according to Claim 6, characterized in that the front planetary
gear and/or the rear planetary gear contain or contains gear reduction for achieving at least
approxtimately the full torque on the cotresponding propeller.

8. Ship propulsion unit according to Claim 6 or 7, characterized in that the front planetary
gear and/or the rear planetary gear have or has a gear reduction of approximately 2 to
approximately 5, especially approximately 2.5 to approximately 4.5, and preferably
approximately 3 to approximately 4.

9. Ship propulsion unit according to one of the preceding claims, characterized in that the
front transmission devices contain a front ring gear and an associated front pinion gear, which is
engaged with this front ring gear and which is coupled to the torque-transmitting shaft, and/or
that the rear transmission devices contain a rear ring gear and an associated rear pinion gear,
which 1s engaged with this rear ring gear and which is coupled to the torque-transmitting shatft.

10. Ship propulsion unit according to Claim 9, characterized in that the front pinion gear
and/or the rear pinion gear lie or lies on the torque-transmitting shaft.

1 1. Ship propulsion unit according to Claim 10, characterized in that the front pinion gear
and/or the rear pinion gear are or is locked in rotation with the torque-transmitting shaft.

12. Ship propulsion unit according 1o one of Claims 9-11, characterized in that the front
ring gear-front pinion gear pair and/or the rear ring gear-rear pinion gear pair contain or contains
a gear reduction for achieving at least approximately the full torque on the corresponding
propeller.

13. Ship propulsion unit according to Claim 12, characterized in that the front ring gear-
front pinion gear pair and/or the rear ring gear-rear pinion gear pair have or has a gear reduction
from approximately 2 to approximately 5, especially approximately 2.5 to approximately 4.5,
and preterably approximately 3 to approximately 4.

14. Ship propulsion umt according to one of the preceding claims, characterized in that
the front transmission devices and the rear transmission devices are designed so that the two

propellers rotate in the same direction.
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15. Ship propulsion unit according to Claims 1-13, characterized in that the front
transmission devices and the rear transmission devices are designed so that the two propellers
rotate 1n opposite directions.

16. Ship propulsion unit according to Claims 1-13, characterized in that there are devices
reversing the direction of rotation, by means of which the two propellers can be adjusted 1n terms
of rotating in the same or opposite directions.

17. Ship propulsion unit according to one of the preceding claims, characterized 1n that
the front transmission devices and the rear transmission devices are designed so that the two
propellers rotate at ditferent speeds.

18. Ship propulsion unit according to Claim 17, characterized 1n that the front
transmission devices and the rear transmission devices are designed so that the rear propeller
rotates faster than the front propeller.

19. Ship propulsion unit according to one of the preceding claims, characterized mn that
there are rotational speed control devices acting on at least one of the two propellers, by means
~ of which a rotational speed ratio between the two propellers is adjustable.

20. Ship propulsion unit according to one of the preceding claims, characterized in that a
differential gear is located between the torque-transmitting shaft and the two propellers.

21. Ship propulsion unit according to one of the preceding claimns, characterized in that
the two propellers have parallel or coaxial rotational axes, which are at a non-90° angle to the
vertical, so that the front propeller lies lower than the rear propeller.

22. Ship propulsion unit according to Claim 21, characterized in that the smaller angle of
the rotational axes of the two propellers to the vertical equals approximately 80° to
approximately 89°, especially approximately 82° to approximately 87°, and preferably at lcast
approximately 85°. '

23. Ship propulsion unit according to one of the preceding claims, characterized in that
the drive devices contain a high-temperature superconductor motor.

24. Ship propulsion method, wherein a front propeller and a rear propeller, which are
assigned to an underwater pod located outside of the hull, are driven by drive devices in the hull
via torque-transmitting devices, characterized in that the two propellers are driven by means of a
torque-transmitting shaft, which is contained in the tOrque transmission devices and which 1s
shared by both propellers, for transmitting torque from the drive devices into the underwater pod
and by means of front transmission devices, which are arranged in the underwater pod and which
are located between the shared torque-transmitting shaft of the two propellers and the front
propeller, as well as rear transmission devices, which are located between the shared torque-

transmitting shaft of the two propellers and the rear propelier.
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25. Ship propulsion method according to Claim 24, charactenzed in that via the torque-
transmitting shaft, only a fraction of the torque is transmitted to the two propellers at the
corresponding rotational speed.

26. Ship propulsion method according to Claim 25, characterized n that via the torque-
transmifting shaft, only approximately 15% to approximately 40%, especially approximately
20% to approximately 35%, and preferably approximately 25% to approximately 30% of the
torque is transmitted to the two propellers at the corresponding rotational speed.

27. Ship propulsion method according to one of Claims 24-26, characterized 1n that at
least one ring gear-bevel gear pair is assigned to the torque-transmitting shaft for reversing the
direction of rotation and that only a fraction of the torque is transmitted to the two propellers at
the corresponding rotational speed via the one or more ring gear-bevel gear pairs.

28. Ship propulsion method according to Claim 27, characterized in that via the one or
more ring gear-bevel gear pairs, only approximately 15% to approximately 40%, especially
approximately 20% to approximately 35%, and preferably approximately 25% to approximately
30% of the torque is transmitted to the two propellers at the corresponding rotational speed.

29. Ship propulsion method according to one of Claims 24-28, characterized in that the
front transmission devices contain a front planetary gear and/or that the rear transmission devices
contain a rear planetary gear and that through the front planetary gear and/or the rear planetary
gear a gear reduction is realized for achieving at least approximately the full torque on the
corresponding propeller, and/or that through the front planetary gear and/or the rear planetary
gear a gear reduction of approximately 2 to approximately 5, especially approximately 2.5 to
approximately 4.5, and preferably approximately 3 to approximately 4 is realized.

30). Ship propulsion method according to one of Claims 24-29, characterized in that the
front transmission devices contain a front ring gear and an associated front pinion gear, which 1s
cngaged with this front ring gear and which is coupled to the torque-transmitting shatt, and/or
that the rear transmission devices contain a rear ring gear and an associated rear pinion gear,
which is engaged with this rear ring gear and which is coupled to the torque-transmitting shatft,
and that the front pinion gear and/or the rear pinion gear lie or lics on the torque-transmitting
shatt.

31. Ship propulsion method according to Claim 30, characterized in that the tfront pinion
cear and/or the rear pinion gear are rotated identically to the torque-transmitting shatt.

32. Ship propulsion method according to one of Claims 30 or 31, characterized 1n that a
gear reduction for dehivering at least approximately the full torque to the corresponding propeller
is realized by the front ring gear-front pinion gear pair and/or the rear ring gear-rear pinion gear

patr.
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33. Ship propulsion method according to Claim 32, characterized 1n that a gear reduction
of approximately 2 to approximately 5, especially approximately 2.5 to approxmmately 4.5, and
preferably approximately 3 to approximately 4 1s realized by the front ring gear-front pinion gear
pair and/or the rear ring gear-rear pinion gear pair.

34. Ship propulsion method according to one of Claims 24-33, characterized in that the
front transmission devices and the rear transmisston devices are designed so that the two
propellers rotate in the same direction.

35. Ship propulsion method according to one of Claims 24-33, characterized in that the
front transmission devices and the rear transmission devices are designed so that the two
propellers rotate i opposite directions.

36. Ship propulsion method according to one of Claims 24-33, characterized in that there
are devices for reversing the direction of rotation acting on at least one of the two propellers, by
means of which the two propellers can be adjusted in terms of rotating in the same or opposite
directions.

37. Ship propulsion method according to one of Claims 24-36, characterized in that the
front transmission devices and the rear transmission devices are designed so that the two
propellers rotate at different speeds.

38. Ship propulsion method according to Clatm 37, characterized 1n that the front
transmission devices and the rear transmission devices are designed so that the rear propelier
rotates faster than the front propeller.

39. Ship propulsion method according to one of Claims 24-38, characterized in that there
are rotational speed control devices, which act on at least one of the two propellers and by means
of which a rotational speed ratio between the two propellers 1s set.

40. Ship propulsion method according to one of Claims 24-39, characterized in that a
differential gear, through which the different rotational speeds between the front propeller and
the rear propeller are set, is located between the torque-transmitting shaft and the two propellers.

41. Ship propulsion method according to one of Claims 24-40, characterized m that the
two propellers have parallel or coaxial rotational axes, which are at a non-90° angle to the
vertical, so that the front propeller lies lower than the rear propeller.

42. Ship propulsion method according to Claim 41, characterized in that the smaller angle
of the rotational axes of the two propellers to the vertical equals approximately 80° to
approximately 89°, especially approximately 82° to approximately 87°, and preferably at least
approximately 85°.

43. Ship propulsion method according to one of the preceding claims, characterized in
that drive devices contain a high-temperature superconductor motor, through which the torque-

transmitting shatt i1s driven.
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