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(57) Abstract: The present invention is based on the idea
to utilize forces arising from predictable tidal water flows
changing direction every six hours. The present invention
relates to a submerged system for converting a tidal water
flow to electrical energy comprising a load-carrying mod-
ule, an electrical generating module comprising a generator
and being operatively connected to the load- carrying mod-
ule and a transmission unit allowing rotational motion
about the central axis of the load-carrying module to be
transmitted to rotational motion about the axis of the elec-
trical generating module being parallel to the central axis.
The present invention provides a submerged system allow-
ing for extended service life and simplified maintenance
work.
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SUBMERGED SYSTEM FOR CONVERTING A TIDAL WATER FLOW TO
ELECTRICAL ENERGY

Technical field of invention

The present invention relates to a submerged system for converting tidal

water flow to electrical energy. The submerged system comprises a load-
5 carrying module, an electrical generating module and a transmission unit.

Background
Submerged power applications that make use of tidal water flows,

continuously changing mean direction every six hours, have been proposed

10 as commercially interesting in order to meet at least part of the energy
demand in today’s society. However, submerged power applications can be
very demanding in many aspects. For instance, installation of submerged
power applications is often costly and maintenance work is complicated due
to harsh environment conditions, such as low visibility and high pressure due

15 to the water depth. Thus, it is a need in the art to provide submerged power
applications allowing for simplified maintenance work.

Further, submerged power applications making use of tidal water flow,
typically, comprise a rotatable component that may be driven by the tidal

20 water flow. In order to achieve a relatively smooth operation mode of the
submerged power applications, the rotatable component may be connected to
an axial bearing. However, conventional axial bearings, such as thrust
bearings, are subjected to wear in the harsh conditions present in a
submerged state. For instance, penetration of water into thrust bearings

25 causes corrosion, resulting in damages of the bearing and in the end a
breakdown of the submerged power application. Thus, it is also a need in the
art to provide submerged power applications with extended service life and
minimized failure mode.

30 Summary
The present invention is based on the idea to utilize forces arising from a

predictable tidal water flow changing mean direction every six hours. By
arranging a submerged system in a water system having a significant
predictable tidal water flow, an axial load arising from the tidal water flows will
35 apply to the submerged system. The axial load applied to the submerged
system will consequently also change mean direction every six hours.

As stated above, it is a purpose of the present invention to at least partly
overcome the drawbacks of the conventional submerged power applications.
40
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Conventional submerged power applications try to minimize the water
penetration as much as possible, however, the present invention provides an
arrangement not completely dependent on minimized water penetration. The
inventor has realized the importance of providing a submerged system being
capable of, at least to a certain degree, handling water penetration, thereby
prolonging the service life of the submerged system.

The inventor has also realized the importance of providing a submerged
system allowing for simplified maintenance work, thereby prolonging the
service life of the submerged system. The present invention provides a
submerged system which is capable of varying its position in the water
system into which it is arranged, e.g. by being buoyant. The submerged
system may be arranged in an operation mode at a level where the water
flows are powerful. In the operation mode, the submeregd system is typically
in a completely submerged state. The submerged system may be arranged in
a maintenance mode where the system is easy to handle. In the maintenance
mode, the submerged system is typically in a partly submerged state at the
water surface.

According to a first aspect, the present invention relates to a submerged
system for converting a tidal water flow to electrical energy. The submerged
system comprises a load-carrying module, an electrical generating module
and a transmission unit. The load-carrying module comprises an axial load-
carrying unit configured to carry axial load relative to a central axis, and a first
main shaft moveably arranged along the central axis and rotatably arranged
about the central axis. The first main shaft has a first end portion connected to
the axial load-carrying unit and a second end portion connectable to a rotor.
The electrical generating module is operatively connected to the load-carrying
module and comprises a subshatft rotatably arranged about an axis parallel to
the central axis, a generator capable of converting a rotational motion to
electrical energy, and a housing at least partly enclosing the subshaft and the
generator. The generator is connected to the subshaft. The first main shaft is
operatively connected to the subshaft via a transmission unit, whereby the
transmission unit allows rotational motion about the central axis to be
transmitted to rotational motion about the axis being parallel to the central
axis. An arrangement comprising a first (and single) main shatft is called a
single arrangement.

The central axis herein refers to the central axis of the load-carrying module.
The main shaft extends along the central axis. The central axis is typically
arranged along the mean direction of the mean water flow of the water
system into which the submerged system is arranged.
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In an example, the housing of the electrical generating module may be made
of a water impermeable material, or a combination of materials being water
impermeable. For instance, the housing comprises a non-porous material,
e.g. glass fibers. Alternatively, the housing may be made of aluminum.The
housing serves to minimize the water penetration into the submerged system.
The housing may further allow for creation of a closed environment having a
controllable pressure, which may e.g. be advantageous for a buoyant
submerged system.

Typically, the walls, i.e. the sidewalls and the walls of the end portions, of the
load-carrying module are made in a rigid material, such as a metallic material,
for instance steel, e.g. stainless steel.

The transmission unit may typically be a pulley-belt assembly. Alternatively,
the transmission unit may comprise chains or gears fulfilling the same
function as a pulley-belt assembly.

According to an embodiment, the axial load-carrying unit may be a hydraulic
axial load-carrying unit comprising a housing member and a piston member.
The piston member may be moveably arranged along the central axis and
rotatably arranged about the central axis relative to the housing member. The
first end portion of the first main shaft may be connected to the piston
member. Alternatively, the axial load-carrying unit may be a thrust bearing, a
rolling bearing, a slide bearing, or a hydrostatic bearing.

By providing the submerged system with a hydraulic axial load-carrying unit,
the submerged system is more resistant to water penetration as the hydraulic
axial load-carrying unit is much less sensitive to water than e.g. conventional
thrust bearings. By optimizing the parameters of the hydraulic axial load-
carrying unit, a submerged system comprising a hydraulic load-carrying unit
may be smaller in size and allow for a smoother operation than a submerged
system comprising a conventional thrust bearing. The hydraulic axial load-
carrying unit is described in detail further below.

According to an embodiment, the load-carrying module may be provided with
a first opening configured to encircle a cross-section of the second end
portion of the first main shaft. The load-carrying module may further comprise
a first sealing member radially arranged about the first main shaft such as to
seal the first opening. The first sealing member serves to minimize the water
penetration into the submerged system via the first main shatft, by closing tight
to the first main shaft. The first sealing member may have an optimized
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function if the pressure inside the submerged system is close to, e.g.
substantially equal to, the pressure outside the submerged system. The first
sealing member may for instance be a lip sealing, such as a lip sealing
comprising rubber.

According to an embodiment, the load-carrying module may further comprise
at least two radial load-carrying units configured to carry radial load relative to
the central axis. The at least two load-carrying units may be arranged about
the first main shaft. Any radial load-carrying unit known to the person skilled
in the art and suitable for the present purpose may be used.

According to an embodiment, the submerged system may further comprise a
first rotor capable of converting a tidal water flow to a rotational motion. The
first rotor may be connected to the second end portion of the first main shatft
and rotatably arranged about the central axis. The first rotor may be e.g. an
impeller or a screw. The shape of the rotor is typically optimized for the water
flows of the water system into which the submerged is arranged. For
instance, the rotor may have a very different shape than rotors for wind power
applications due to the difference in density between air and water.

According to an embodiment, the load-carrying module may further comprise
a second main shaft. The second main shaft may be moveably arranged
along the central axis and rotatably arranged about the central axis. The
second main shaft may have a first end portion connected to the piston
member and a second end portion connectable to a rotor. The second main
shaft may be arranged to rotate in the same direction about the central axis
as the first main shaft. An arrangement comprising a first main shaft and a
second main shaft is called a double arrangement. In a double arrangement,
the first main shaft and the second main shatft are typically interconnected via
the axial load-carrying unit.

It may be advantageous to provide the load-carrying module with two main
shaft as each of the main shafts are connectable to a rotor, and thereby the
potential capacity of the submerged system may increase with a double
arrangement compared to a single arrangement. When each of the two main
shafts is connected to a rotor, the utilization of the water flow of the water
system into which the submerged system is arranged may increase during
operation (e.g. due to an increased total surface area of the rotors) and thus,
the frequency of the rotational motion of the main shafts may increase. A
submerged system comprising two rotors arranged on opposite sides of the
load-carrying module along the central axis may more efficiently convert tidal
water flow whichever the axial direction of the tidal water flow.
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According to an embodiment, the load-carrying module may further be
provided with a second opening configured to encircle a cross-section of the
second end portion of the second main shaft. The load-carrying module may
further comprise a second sealing member radially arranged about the
second main shaft such as to seal the second opening. Similarly to the first
sealing member, the second sealing member serves to minimize the water
penetration into the submerged system via the second main shaft, by closing
tight to the second main shaft. The second sealing member may have an
optimized function if the pressure inside the submerged system is close to,
e.g. substantially equal to, the pressure outside the submerged system.

According to an embodiment, the submerged system may further comprise at
least two radial load-carrying units configured to carry radial load relative to
the central axis. The at least two load-carrying units may be arranged about
the second main shaft. Any radial load-carrying unit known to the person
skilled in the art and suitable for the present purpose may be used.

According to an embodiment, the submerged system may further comprise a
second rotor capable of converting a tidal water flow to a rotational motion.
The second rotor may be connected to the second end portion of the second
main shaft and rotatably arranged about the central axis. The second rotor
may be e.g. an impeller or a screw. The second rotor is adapted to rotate in
the same direction as the first rotor. By including a second rotor to the
submerged system, the potential capacity of the submerged system may
increase.

According to an embodiment, the submerged system may further comprise at
least two radial load-carrying units configured to carry radial load relative to
the axis parallel to the central axis. The at least two load-carrying units may
be arranged about the subshaft. Any radial load-carrying unit known to the
person skilled in the art and suitable for the present purpose may be used.

According to an embodiment, the electrical generating module may further
comprise a pump. Typically, the pump is fully enclosed by the housing of the
electrical generating module. Alternatively, the pump may be integrated in the
housing.

Even if the system is adapted to prevent as much water as possible to enter
the system, the service life of the system may be prolonged by the
arrangement of a pump in the lowest electrical generating module (i.e. the
electrical generating module being arranged operatively closest to the bottom
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of the water system into which the submerged system is arranged, e.g.
closest to the sea bed). The pump serves to remedy the water penetration in
an efficient way. The pump may be either an active pump, such as an
electrical pump, or a passive pump. For instance, the pump may be activated
by a sensor, which, continuously or periodically, indicates the present water
level inside the lowest electrical generating module.

Typically, the pump is connected to a valve, e.g. a non-return valve, arranged
in the housing of the lowest electrical generating module.

It is highly advantageous to provide the submerged system with a pump in
combination with the sealing member(s) in order to both minimize the water
penetration into the system and to efficiently remove yet penetrated water out
from the system, thereby minimizing the need of maintenance work and
prolonging the service life of the submerged system. Preferably, all of the
outer surfaces of the submerged system, i.e. all of the surfaces facing the
surroundings, are water-impermeable.

According to an embodiment, the electrical generating module may further
comprise a gear box arranged about the subshaft between the transmission
unit and the generator. Any gearbox known to the person skilled in the art and
suitable for the present purpose may be used. The gearbox serves to amplify
the number of revolutions of the subshaft (about which it is arranged) per time
unit in order to increase the efficiency of the generator, and thereby of the
submerged system. The gearbox may amplify the number of revolutions per
time unit about 10 to 1000 times, such as from 20 to 100 times.

In an example, the electrical generating module may further comprise a
sensor. The sensor may, continuously or discontinuously, sense any of the
parameters selected from the non-exhaustive list of: the frequency of the
rotor(s), the frequency of the transmission unit, the frequency of the gearbox,
the temperature inside the load-carrying module, the degree of vibrations of
the main shaft(s), the degree of vibrations of the subshatft(s), the axial load on
the main shaft(s), the radial load on the main shaft(s), the radial load on the
subshaft(s), the water level inside the lowest electrical generating module, the
position of the piston member relative to the housing member of the hydraulic
axial load-carrying unit, the pressure inside the hydraulic axial load carrier, et
cetera. It would be known to the person skilled in the art where to arrange the
different types of sensors in the submerged system.

According to an embodiment, the submerged system may further comprise at
least one additional electrical generating module operatively connected to the
load-carrying module. Preferably, the submerged system comprises one
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electrical generating module arranged at each sidewall of the load-carrying
module.

For instance, if the load-carrying module has the shape of a square prism or a
rectangular prism, the submerged system preferably comprises four electrical
generating modules allowing the housing of each of the four electrical
generating modules to tightly enclose the entire submerged system, only the
two end portions of the load-carrying module excluded, in a waterproof
manner. However, the two end portions of the load-carrying module are
typically also made of water-impermeable material(s).

According to an embodiment, the submerged system may include means for
attaching the submerged system to the bottom of the water system in which it
is arranged. For instance, the submerged system may be adapted to be
attached to a rigid structure, to a watercraft, or to the bottom of the water in
which the system is submerged. The system may, for instance, be arranged
on a frame arranged on the sea bed, allowing maintenance work to be
performed from the sea bed.

According to an embodiment, the submerged system may be a buoyant
system. A water impermeable housing, preferably enclosing the entire
submerged system with only the end portions of the load-carrying module
excluded, and an ability to pressurize the system (e.g. by airbags additionally
provided inside the electrical generating module(s)) allows for buoyancy.

The buyoant system may be fully submerged, and thus completely
surrounded by water. Alternatively, the system may be buyoant at the water
surface, and thus partly surrounded by water. A buoyant system may provide
for simplified maintenance work, as the maintenance work may be performed
from the water surface, such as from a ship.

The conversion of tidal water flow to electrical energy of the submerged
system may, in its simplest way, be summarized as follows. The first rotor
and/or second rotor may generate a rotational motion of the first main shaft
and/or second main shaft from the water flow energy, whereby the rotational
motion of the first main shaft and/or second main shaft has a first frequency.
The transmission unit may transfer the rotational motion of the first main shatft
and/or second main shaft having a first frequency to a rotational motion of the
at least one subshaft having a second frequency. The at least one generator
may generate electrical energy from the rotational motion of the at least one
subshatft, either directly (thus, from rotational motion having the second
frequency) or via a gearbox (thus, from a rotational motion having a third
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frequency). Typically, the second frequency is higher than the first frequency.
Similarly, the third frequency is generally higher than the second frequency.

In an alternative example, the system may be used in a watercourse having a
water flow of a substantially constant direction. In this situation, the
submerged system (instead of the water flow) may change direction regularly.
For instance, the system may be arranged on a rotatable structure, e.g. a
rotatable frame.

Brief description of the drawings

These and other aspects of the present invention will now be described in
more detail, with reference to the appended drawings showing embodiments
of the invention.

In Fig. 1, a submerged system according to an example embodiment of the
present invention is schematically shown in a side view.

In Fig. 2, an end portion of the load-carrying module according to the example
embodiment in Fig. 1 is schematically shown in a cross-sectional side view.

In Fig. 3, a submerged system according to another example embodiment of
the present invention is schematically shown in a partly exploded side view.

In Fig. 4, the double arrangement of the load-carrying module according to
the example embodiment in Fig. 3 is schematically shown in a partly cross-
sectional side view.

In Fig. 5, a submerged system according to another example embodiment of
the present invention being arranged on a rigid structure is schematically
shown in a side view.

In Fig. 6, the axial hydraulic load-carrying unit of the load-carrying module in
Figs. 3-4 is shown in detail in a partly cross-sectional side view.

Detailed description of the invention

The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which currently preferred
embodiments of the invention are shown. This invention may, however, be
embodied in many different forms and should not be construed as limited to
the embodiments set forth herein; rather, these embodiments are provided for
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thoroughness and completeness, and fully convey the scope of the invention
to the skilled person.

The present invention relates to a submerged system 100 for converting a
tidal water flow to electrical energy, which is schematically shown in a first
embodiment in Figs. 1 and 2. The submerged system comprises a load-
carrying module 110, an electrical generating module 120, and a transmission
unit operatively connecting the load-carrying module and the electrical
generating module together.

In Fig. 1, the load-carrying module 110 has the shape of a rectangular prism
with four sidewall surfaces (of which two are shown 1101, 1102) and two end
surfaces (of which one is shown 1103). Alternatively, the load-carrying
module may have the shape of e.g. a circular cylinder, a square prism or a
triangular prism. The load carrying module 110 is herein arranged
symmetrically about a central axis A. The central axis A passes through the
both end surfaces 1103 of the load-carrying module.

The load-carrying module 110 comprises a single main shaft, herein called a
first main shaft 112. A load-carrying module comprising one main shaft forms
a, herein called, single arrangement. The first main shaft 112 has a first end
portion 112a connected to an axial load-carrying unit 111, and a second end
portion 112b connectable, and herein also connected, to a first rotor 141. The
first main shaft 112 is moveably arranged along the central axis A. The first
main shaft 112 is rotatably arranged about the central axis A. The first main
shatft is typically made in steel, e.g. stainless steel.

The first main shaft may move in the range of from 0.01 to 2 meter in either
axial direction along the central axis, typically from 0.5 to 1.5 m, such as from
0.75 to 1.25 m, typically about 1 m, during operation.

The first main shaft may rotate in the range of from 5 to 25 revolutions per
second about the central axis, typically from 10 to 25, such as from 15 to 20,
during operation. The transmission unit may amplify the number of revolutions
of the first main shaft about 2 to 5 times.

In Fig. 1, the second end portion 112b is connected to the first rotor 141. The
rotor is adapted to and arranged to rotate due to a water flow, typically a tidal
water flow. The rotor is rotatable about the central axis A. Typically, the rotor
is arranged substantially perpendicular to the mean direction of the water
flow. The relatively high density of water (e.g. in comparison to the density of
air which is of interest in wind power applications) allows use of rotors of
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many different shapes. The first rotor 141 is herein shown as an impeller, but
may alternatively be e.g. a screw. For instance, the speed of the water flow
may be within the range of from 0.1 to 20 meter per second (m/s), such as
from 0.5 to 10 m/s, typically from 1 to 5 m/s.

The axial load-carrying unit 111 is herein shown as a hydraulic axial load-
carrying unit comprising a piston member (not explicitly shown, however
further shown in Fig. 6) and a housing member (not explicitly shown, however
further shown in Fig. 6). In detail, the first end portion 112a is connected to
the piston member. The piston member is moveably arranged along the
central axis and rotatably arranged about the central axis. In contrast, the
housing member is fixedly arranged, thus neither moveable along the central
axis nor rotatable about the central axis. Alternatively, the axial load-carrying
unit may be a thrust bearing, a rolling bearing, a slide bearing, or a
hydrostatic bearing.

In Fig. 1, the submerged system 100 comprises a single electrical generating
module 120. However, as will be described lateron, the submerged system
may comprise from 1 to 4 electrical generating modules when the load-
carrying module has the shape of a rectangular prism. One electrical
generating module may be connected to each of the four sidewalls of the
load-carrying module. Typically, the walls, i.e. the sidewalls and the walls of
the end portions, of the load-carrying module are made in a rigid material,
such as a metallic material, for instance steel, e.g. stainless steel.

The electrical generating module 120 comprises a subshaft 122 being
connected to a generator 121 in one of its end portions. The generator 121 is
capable of converting rotational motion to electrical energy. The subshaft 122
is rotatably arranged about an axis, at least substantially, parallel to the
central axis A. The subshatt is typically made in steel, e.g. stainless steel.

The electrical generating module 120 further comprises a housing 123
arranged to at least partly enclose the generator 121 and the subshaft 122.
Typically, the housing is made of a water-impermeable material adapted to
minimize water penetration into the submerged system. For instance, the
housing comprises a non-porous material, e.g. glass fibers. Alternatively, the
housing may be made of aluminum. Typically, the housing 123 is closing
tightly to the load-carrying module 110, whereby penetration of water into the
system 100 may be avoided.

The portion of the electrical generating module 120, not being enclosed by
the housing 123, may be enclosed by a sidewall of the load-carrying module
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110 made in a rigid material, such as a metallic material, for instance steel,
e.g. stainless steel. Typically, the sidewall of the load-carrying module
comprises guide rails adapted for radial load-carrying units and/or the
transmission unit (both described more in detail below).

In Fig. 1, the transmission unit is herein shown as a pulley-belt assembly. The
pulley-belt assembly comprises a first pulley 131a arranged about the first
main shaft 112, a second pulley 131b arranged about the subshaft 122, and a
belt 132 arranged about the first pulley and the second pulley, thereby the
pulley-belt assembly allows rotational motion of the first main shaft 112 to be
transmitted to rotational motion of the subshaft 122. Alternatively, the
transmission unit may comprise chains or gears fulfilling the same function as
the pulley-belt assembly.

The load-carrying module further comprises at least two, herein two, radial
load-carrying units 114a, 114b configured to carry radial load relative to the
central axis A. The two radial load-carrying units 114a, 114b are arranged
about the first main shaft 112, one on each side of the first pulley 131a of the
transmission unit 130. The radial load-carrying units 114a, 114b suitably carry
radial load arising from at least one of the first rotor 141 and the transmission
unit 130.

The electrical generating module further comprises at least two, herein two,
radial load-carrying units 126a, 126b configured to carry radial load relative to
the axis, at least substantially, parallell the central axis A. The two radial load-
carrying units 126a, 126b are arranged about the subshaft 122, one on each
side of the second pulley 131b of the transmission unit 130. The radial load-
carrying units 126a, 126b suitably carry radial load arising from the
transmission unit 130.

In Fig. 2, a portion of the load-carrying module 110 is shown in more detail.
The load-carrying module is provided with a first opening 113. The first
opening 113 is provided at one of the end surfaces 1103 of the load-carrying
module 110. The first opening 113 is configured to encircle a cross-section
112c of the first main shaft 112, such as a cross-section of the second end
portion 112b of the first main shaft. Typically, the second end portion 112b is
arranged outside the load-carrying module 110 and the first end portion 112a
is arranged inside the load-carrying module 110, as shown in Fig. 1.

In Fig. 2, a first sealing member 151 is radially arranged about the first main
shaft such as to seal the first opening. The sealing member is provided to
seal a potential gap between the first main shaft 112 and the end surface
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1103. The sealing member may allow a closed chamber to be formed inside
the load-carrying module 110. Herein, the first sealing member 151 is shown
as a bushing being further attached to the wall of the end portion of the load-
carrying module 110 provided with the opening 113.

The first sealing member 151 is configured to minimize the water penetration
into the load-carrying module 110 along the first main shaft 112, and is
preferably robust. The first sealing member 151 is capable to handle both
axial motion and rotational motion of the first main shaft 112, and is preferably
flexible. In order to optimize the function of the first sealing member 151, the
first main shaft 112 typically has a smooth, e.g. polished, surface area. A
smooth surface area of the first main shaft 112 may allow the first sealing
member 151 to tightly close the gap between the first main shaft 112 and the
wall of the load-carrying module 110 to which the first sealing member 151 is
attached.

The first sealing member 151 may be any kind of conventional sealing
capable to reduce and/or avoid water penetration along the first main shatft
112 into the load-carrying module 110. For instance, the first sealing member
151 may be a lip sealing, e.g. comprising rubber, or a mechanical sealing,
e.g. comprising silicon carbide. The first sealing member 151 may,
additionally or alternatively, include grease, e.g. silicon grease, or oil.

The present invention relates to a submerged system 200 for converting a
tidal water flow to electrical energy, which is schematically shown in a second
embodiment in Figs. 3 and 4 comprising a double arrangement of the load-
carrying module. The submerged system 200 comprises a load-carrying
module 210, four electrical generating modules 220a, 220b, 220c¢, 220d, four
transmission units 230a, 230b, 230c, 230d each operatively connecting the
load-carrying module 210 to one of the electrical generating modules. The
submerged system 200 may further comprise a first rotor 241 and a second
rotor 242, however not shown in Figs. 3-4.

In Fig. 3, the load-carrying module 210 comprises two main shafts, herein
called a first main shaft 212 and a second main shaft 215, respectively. A
load-carrying module comprising two main shafts forms a, herein called,
double arrangement. Both the first main shaft 212 and the second main shaft
215, are each moveably arranged along and rotatably arranged about the
central axis A. The first main shaft 212 and the second main shaft 215 are
rotatable about the central axis in the same direction simultaneously. The two
main shafts 212, 215 are interconnected via an axial load-carrying unit 211.
Nevertheless, as long as the two main shafts do not counteract each other,
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the two main shafts may with time rotate both clockwise and counterclockwise
with regard to the central axis.

In Fig. 3, the submerged system 200 comprises four electrical generating
modules 220a, 220b, 220c, 220d being arranged on one of the four sidewalls
of the load-carrying module 210 each. Each of the four electrical generating
modules 220a, 220b, 220c, 220d comprises a subshaft 222c, 222d being
connected to a generator 221c, 221d in one of its end portions. Each of the
four subshalfts 222c, 222d is rotatably arranged about an axis. Each of these
axes being, at least substantially, parallel to the central axis A. Each of the
four electrical generating modules 220a, 220b, 220c, 220d further comprises
a housing 223a, 223b arranged to at least partly enclose the generator and
the subshaft. Each of the electrical generating modules may further comprise
a gear box 227c, 227d. The gearbox is typically arranged about a subshaft
222c, 222d and between the second pulley of the transmission unit 230c,
230d and the generator 221c, 221d. The gearbox serves to amplify the
number of revolutions of the subshaft (about which it is arranged) per time
unit in order to increase the efficiency of the system. The gearbox may
amplify the number of revolutions per time unit about 10 to 1000 times.

In Fig. 3, a transmission unit is arranged between each subshaft 222c¢, 222d
and the main shaft 212, thus, in total, four transmission units 230a, 230b,
230c, 230d are present. The transmission units are herein shown as pulley-
belt assemblies, each comprising a first pulley arranged about the first main
shaft 212, or alternatively the second main shaft 215, a second pulley
arranged about one of the four subshafts, and a belt arranged about the first
pulley and the second pulley, thereby allowing the pulley-belt assemblies to
transmit rotational motion of the first and second main shaft, respectively, to
rotational motion of each of the subshatfts.

Similar to the arrangement shown in Figs. 1-2, the load-carrying module 210
of the embodiment illustrated in Figs. 3-4 is provided with a first opening
configured to encircle a cross-section of the first main shaft, typically a cross-
section of the second end portion of the first main shaft, and a second
opening configured to encircle a cross-section of the second main shatft,
typically a cross-section of the second end portion of the second main shaft.
Typically, the second end portions may be arranged outside the load-carrying
module and the first end portions may be arranged inside the load-carrying
module, as shown in Fig. 3. A first sealing member 251 is radially arranged
about the first main shaft such as to seal the first opening. A second sealing
member is radially arranged about the second main shaft such as to seal the
second opening.
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In Fig. 3, the electrical generating module being arranged most far away from
the water surface and closest to the bottom of e.g. the sea, the lake or the
watercourse, herein called the lowest electrical generating module 230a,
further comprises a pump (not explicitly shown). The pump may be an
electrical pump, adapted to remove water, which has undesirably penetrated
into the submerged system, out from the electrical generating module. The
pump is connected to a valve, such as a non-return valve, provided in the
housing 223a of the lowest electrical generating module 220a allowing water
to be removed from the electrical generating module.

The double arrangement of the load-carrying module in Fig. 3, described
above, is shown in more detail in Fig. 4. The first main shaft 212 has a first
end portion 212a connected to a hydraulic axial load-carrying unit 211, more
in detail to the piston member 211a of the hydraulic axial load-carrying unit,
and a second end portion 212b connectable to a first rotor. The second main
shaft 215 has a first end portion 215a connected to the hydraulic axial load-
carrying unit 211, more in detail to the piston member 211a of the hydraulic
axial load-carrying unit, and a second end portion 215b connectable to a
second rotor. The first rotor and the second rotor may be impellers, or
alternatively e.g. screws. The first rotor and the second rotor are rotatable
about the central axis in the same direction simultaneously. Nevertheless, as
long as the two rotors do not counteract each other, the two rotors may with
time rotate both clockwise and counterclockwise with regard to the central
axis.

As further shown in Fig. 4, each of the first pulleys are arranged between a
couple of radial load-carrying units 214a, 214b, 214c, 214d being arranged
about the first main shaft 212 and the second main shaft 215, respectively.
The radial load-carrying units arranged about any of the main shafts serve to
carry radial load arising from both the motion of the rotors and the
transmission unit.

Also, each of the second pulleys are arranged between a couple of radial
load-carrying units, being arranged about each of the subshafts (not shown in
Fig. 4). The radial load-carrying units arranged about any of the subshatfts are
configured to carry load relative to the axis along which the subshatft is
arranged, this axis being parallel to the central axis A.

Thus, whether the submerged system comprises a single arrangement (as
shown in Fig. 1) or a double arrangement (as shown in Figs. 3-4), the
conversion of tidal water flow to electrical energy of the submerged system



WO 2015/152807 PCT/SE2015/050392

10

15

20

25

30

35

40

15

may, in its simplest way, be summarized as follows. The first rotor 141, 241
and/or second rotor 242 may generate a rotational motion of the first main
shaft 112, 212 and/or second main shaft 215 from the water flow energy,
whereby the rotational motion of the first main shaft 112, 212 and/or second
main shaft 215 has a first frequency. The transmission unit 130, 230a-d may
transfer the rotational motion of the first main shaft 112, 212 and/or second
main shaft 215 having a first frequency to a rotational motion of the at least
one subshaft 122, 222a-d having a second frequency. The at least one
generator 121, 221a-d may generate electrical energy from the rotational
motion of the at least one subshaft 122, 222a-d, either directly (thus, from
rotational motion having the second frequency) or via a gearbox 227c-d (thus,
from a rotational motion having a third frequency). Typically, the second
frequency is higher than the first frequency. Similarly, the third frequency is
generally higher than the second frequency.

In Fig. 5, the submerged system 200 shown in Fig. 3 and described above is
placed on a solid structure 260 arranged on the bottom 270 of e.g. the sea,
the lake or the watercourse. In Fig. 5, the submerged system comprises both
a first rotor 241 and a second rotor 242. The structure 260, shown herein, has
the shape of a frame and constitutes a means for attaching the submerged
system to the bottom of the water system into which the system is
submerged. Alternatively, the submerged system could have been attached
to e.g. a bridge, a ship, or to the sea ground, the bottom of a lake or a
watercourse by an anchor.

If the submerged system is not placed on a solid structure, it may preferably
be buyoant. In a buyoant submerged system, the housing preferably encloses
the entire submerged system, the end portions of the load-carrying module
excluded. The housing and the end portions of the load-carrying module
serve to avoid water to penetrate into the submerged system.

The submerged system may be buyoant e.g. by pressurization of the load-
carrying module and/or the electrical generating module(s). By pressurizing
the load-carrying module and/or the electrical generating module(s), the
submerged system may be arranged at a certain depth in the water. The
relation between the pressure inside the submerged system and the pressure
outside the submerged system will determine the depth. For instance, the
water flows may be most suitable at a certain depth and the submerged
system may be arranged at this certain depth during operation. On the other
hand, the maintenance work may suitably be performed at the water surface,
and the submerged system may be arranged at the water surface when not in
operation. The submerged system may either be pressurized before
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installation or after installation. For instance, the submerged system may be
pressurized by airbags, such as crash bags, being installed within the system.

In Fig. 6, an hydraulic axial load-carrying unit 111, 211 is shown in more
detail. The hydraulic axial load-carrying unit comprises a piston member
111a, 211a and a housing member 111b, 211b.

The housing member 111b, 211b has an inner diameter d, and an inner
cylindrical surface sn. The housing is hollow, forming a so-called chamber.
Hence, by means of the inner diameter and the inner cylindrical surface, an
inner housing volume is formed. The inner housing volume here contains a
lubricant fluid in form of oil. That is, the inner housing volume is filled with the
lubricant fluid. Oil has a suitable viscosity of 0.27 Pa*s, and a suitable density
of 870 kg/m®.

The piston member 111a, 211a is co-axially arranged within the housing
member 111b, 211b. The inner housing volume surrounds a major part of the
piston member. The piston member 111a, 211a is also configured to be
rotatable around an axis A, and movable in the axial direction A upon an
external axial force F on the piston member. Herein, the external axial force F
may be a periodically constant linear force applied in the axial direction and
originating from tidal water forces. The piston member 111a, 211a comprises
a piston rod 1111, 2111 and a piston flange 1112, 2112. The piston flange is
provided with an outer diameter d, and an outer cylindrical surface s,. The
piston rod and the piston flange may be separate components which are
attached to each other prior to use. For instance, the lower end of the piston
rod may be press-fitted to the piston flange. Alternatively, the piston rod and
the piston flange are made from the same piece of material.

The outer diameter of the piston flange is smaller than the inner diameter of
the housing member such that a radial gap rgqp is formed between the inner
cylindrical surface of the housing member and the outer cylindrical surface of
the piston flange. In this manner, the lubricant fluid is capable of flowing
through the radial gap upon an exertion of a tensile force F on the piston
member in the axial direction A. The radial gap is formed in the radial
direction, which is perpendicular to the axial direction A, but has an extension
lyap in the axial direction A corresponding to the thickness of the piston flange.
The piston flange should be sufficiently dimensioned to withstand big axial
forces and several years in heavy condition without maintenance. For
instance, the outer diameter of the piston flange may be 650 mm and the
thickness of the piston flange may be 30 mm. The distance of the radial gap
may be between 0.05 — 0.5 mm in the radial direction, such as 0.1 mm. The
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extension of the radial gap in the axial direction A is equal to the thickness of
the piston flange, e.g. 30 mm. However, the shape and the size of the piston
flange are ultimately determined by the desired load-carrying characteristics,
and it is therefore apparent to the skilled in the art to make any final
adjustments of the piston flange dependent on each specific case.

The inner cylindrical housing surface and/or the outer cylindrical surface of
the piston flange may be made of friction reducing material, for example
plastics material having a low friction co-efficient. The complete components
and/or surfaces may also be made from stainless steel or any other suitable
material which are capable of being used in this specific environment.

By the provision that the outer diameter of the piston flange d, is smaller than
the inner housing diameter d;, such that a radial gap is formed between the
inner housing cylindrical surface and the outer cylindrical surface of the
piston flange, it becomes possible to decrease friction between the piston
member surface and the inner cylindrical surface of the housing. In this
example, the piston member surface refers to the outer cylindrical surface of
the piston flange, and the inner cylindrical surface of the housing refers to the
inner housing cylindrical surface. This is accomplished due to the radial gap
which results in that there is no contact between the piston member surface
and the inner cylindrical surface of the housing. Accordingly, the lubricant fluid
is capable of flowing from one side of the piston flange to another side of the
piston flange via the radial gap. In other words, the radial gap forms a flow
channel. To this end, the piston flange is made with a deliberate clearance
between the inner housing cylindrical surface and the outer cylindrical surface
of the piston flange, which forms an annular gap in the radial direction, i.e. the
radial gap. As such, when the surface of the piston flange is pressed towards
an inner surface of the housing, the lubricant fluid flow is constricted by the
radial gap. The high pressure drop across the radial gap produces a pressure
differential across the piston flange, which creates the a damping force. In
this regard, the inner housing cylindrical surface s, and the outer cylindrical
surface s, of the piston flange form a pair of load-carrying surfaces radial
opposite to each other with radial gap containing a lubricant fluid there
between.

Advantageously, the housing member 111b, 211b should be sealed such that
a closed system is obtained which ensures that no oil leaks out from the inner
housing volume. Typically, a sealing arrangement 119, 219 is located at the
end of the piston rod to seal the annular gaps between the piston rod 1111,
2111 and the housing 111b, 211b such that the inner housing volume forms a
closed system.
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In an example, the inventor selected the parameters in Table 1 for the
hydraulic axial load-carrying unit resulting in a satisfying operation of the
system.

Table 1. Parameters for a hydraulic axial load-carrying unit.

Axial load, F 2000 kN
Rotational speed of the first main shaft 25 rpm
Diameter of the piston rod 0.1m
Diameter of the piston flange, d, 1m
Thickness of piston flange, lgap 0.06 m
Number of pistons 1

Radial gap between piston flange and housing member, rgap | 0.0001 m
Oil density 870 kg/m”
Oil viscosity 0.27 Pa's
Stroking time 6 h

Additionally, the piston member of the hydraulic axial load-carrying unit may
have a start position in the housing member, e.g. wherein the piston member
is in contact with a first inner surface of the housing member, and an end
position, e.g. wherein the piston member is in contact with a second inner
surface of the housing member arranged opposite to the first inner surface
member as seen in the axial direction.

In an example, the piston member may be moved in the axial direction from
the start position to the end position during the tidal water period of six hours,
but may be returned substantially faster from the end position back to the
start position. In this example, the hydraulic axial load-carrying unit is typically
further provided with a spring, being arranged about the piston member on
the side of the piston flange being arranged closest to the second inner
surface of the housing member, and a check valve.

Additionally, variations to the disclosed example embodiments can be
understood and effected by the skilled person in practicing the claimed
invention, from a study of the drawings, the disclosure, and the appended
claims. In the claims, the word "comprising" does not exclude other elements
or steps, and the indefinite article "a" or "an" does not exclude a plurality. The
mere fact that certain measures are recited in mutually different dependent
claims does not indicate that a combination of these measured cannot be
used to advantage.
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CLAIMS

1. Submerged system (100, 200) for converting a tidal water flow to
electrical energy comprising

a load-carrying module (110, 210) comprising an axial load-carrying unit
(111, 211) configured to carry axial load relative to a central axis (A), and a
first main shatft (112, 212) moveably arranged along the central axis and
rotatably arranged about the central axis, the first main shaft having a first
end portion (212a) connected to the axial load-carrying unit and a second end
portion (212b) connectable to a rotor,

an electrical generating module (120, 220a) operatively connected to the
load-carrying module and comprising a subshaft (122, 222c-d) rotatably
arranged about an axis parallel to the central axis, a generator (227c-d)
capable of converting a rotational motion to electrical energy, the generator
being connected to the subshaft, and a housing (123, 223) at least partly
enclosing the subshaft and the generator,

wherein the first main shatft is operatively connected to the subshatft via a
transmission unit (230a-d), whereby the transmission unit allows rotational
motion about the central axis to be transmitted to rotational motion about the
axis being parallel to the central axis.

2. Submerged system according to claim 1, wherein the axial load-
carrying unit is a hydraulic axial load-carrying unit comprising a piston
member (111a, 211a) and a housing member (111b, 211b), the piston
member being moveably arranged along the central axis and rotatably
arranged about the central axis relative to the housing member, and wherein
the first end portion of the first main shaft is connected to the piston member.

3. Submerged system according to claim 1 or 2, wherein the load-
carrying module is provided with a first opening (113) configured to encircle a
cross-section (112c) of the second end portion of the first main shaft, and
further comprises a first sealing member (151, 251) radially arranged about
the first main shaft such as to seal the first opening.

4. Submerged system according to any of claims 1 to 3, wherein the load-
carrying module further comprises at least two radial load-carrying units
(114a-b, 214a-b) configured to carry radial load relative to the central axis, the
at least two load-carrying units being arranged about the first main shatft.

5. Submerged system according to any of claims 1 to 4, further
comprising a first rotor (141, 241) capable of converting a tidal water flow to a
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rotational motion, the first rotor being connected to the second end portion of
the first main shaft and being rotatably arranged about the central axis.

6. Submerged system according to any of claims 1 to 5, wherein the load-
carrying module further comprises a second main shaft (215), the second
main shaft being moveably arranged along the central axis and rotatably
arranged about the central axis, the second main shaft having a first end
portion (215a) connected to the piston member and a second end portion
(215b) connectable to a rotor.

7. Submerged system according to claim 6, wherein the load-carrying
module further is provided with a second opening configured to encircle a
cross-section of the second end portion of the second main shaft, and further
comprises a second sealing member radially arranged about the second main
shaft such as to seal the second opening.

8. Submerged system according to claim 6 or 7, further comprising at
least two radial load-carrying units (214c¢-d) configured to carry radial load
relative to the central axis, the at least two load-carrying units being arranged
about the second main shaft.

9. Submerged system according to any of claim 6 to 8, (when dependent
on any of claim 3 to 5,) further comprising a second rotor (242) capable of
converting a tidal water flow to a rotational motion, the second rotor being
connected to the second end portion of the second main shaft and being
rotatably arranged about the central axis.

10. Submerged system according to claim 6 or 9, further comprising
at least two radial load-carrying units (126a-b) configured to carry radial load
relative to the axis parallel to the central axis, the at least two load-carrying
units being arranged about the subshaft.

11. Submerged system according to any of the preceding claims,
wherein the electrical generating module further comprises a pump.

12. Submerged system according to any of the preceding claims,
wherein the electrical generating module further comprises a gear box (227c¢-
d) being arranged about the subshaft between the transmission unit and the
generator.

13. Submerged system according to any of the preceding claims,
wherein the electrical generating module further comprises a sensor.
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14. Submerged system according to any of the preceding claims,
further comprising at least one additional electrical generating module (220b-
d) operatively connected to the load-carrying module.

5
15. Submerged system according to any of the preceding claims, being
adapted to be attached to the bottom of the water (270) in which the system is
submerged, to a rigid structure (260) or to a watercraft.
10 16. Submerged system according to any of the preceding claims, being a

buoyant system.

15
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