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(57) ABSTRACT

A logistics system for a multirotor wind turbine (1) is
disclosed. The multirotor wind turbine (1) comprises two or
more energy generating units (4), each mounted on an arm
(3) extending from a tower (2) of the multirotor wind turbine
(1). A transport system (14, 30, 31, 32, 33, 34, 36) inter-
connects a lower interior part of the tower (2) with each of
the energy generating units (4). A plurality of transport
containers (15) is connectable to the transport system (14,
30, 31, 32, 33, 34, 36) and configured to hold equipment (26)
to be transported. A control unit is configured to receive
information regarding contents and position of the transport
containers (15), and to plan transport of the transport con-
tainers (15) via the transport system (14, 30, 31, 32, 33, 34,
36), based on a service plan for the multirotor wind turbine
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A LOGISTICS SYSTEM FOR A
MULTIROTOR WIND TURBINE

FIELD OF THE INVENTION

[0001] The present invention relates to a logistics system
for a multirotor wind turbine, i.e. for a wind turbine com-
prising two or more energy generating units. The logistics
system allows equipment to be transported from a lower
interior part of the tower to a given energy generating unit
without moving outside the wind turbine. The invention
further relates to a method for performing service to a
multirotor wind turbine, using such a logistics system.

BACKGROUND OF THE INVENTION

[0002] Wind turbines normally comprise one or more
energy generating units, each energy generating unit com-
prising a hub carrying one or more wind turbine blades. The
wind acts on the wind turbine blades, thereby causing the
hub to rotate. The rotational movements of the hub are
transferred to a generator, either via a gear arrangement or
directly, in the case that the wind turbine is of a so-called
direct drive type. In the generator, electrical energy is
generated, which may be supplied to a power grid.

[0003] Some wind turbines are provided with two or more
energy generating units in order to increase the total power
produced by the wind turbine, without having to provide the
wind turbine with one very large, and therefore heavy,
energy generating unit. Such wind turbines are sometimes
referred to as ‘multirotor wind turbines’.

[0004] In traditional single rotor wind turbines the energy
generating unit is arranged in or forms part of a nacelle
mounted on top of a tower via a yaw arrangement. In this
case the nacelle, and thereby the energy generating unit, can
be readily accessed from an interior part of the tower by
passing the yaw arrangement and entering the nacelle along
a substantially vertical direction.

[0005] In multirotor wind turbines the energy generating
units may be carried by a load carrying structure which is,
in turn, connected to a tower. The load carrying structure
may comprise arms extending from the tower, e.g. in oppo-
site directions, and at least some of the energy generating
units may be mounted on the arms, at a distance from the
tower. Thereby the energy generating units are not readily
accessible from an interior part of the tower. It may therefore
be necessary to access the energy generating units from
outside, e.g. from a helicopter or by means of hoisting from
a position immediately below the energy generating unit
being accessed. This is a disadvantage, in particular in the
case of offshore wind turbines.

[0006] Furthermore, the available space inside a wind
turbine is limited, and it may therefore be difficult to relocate
equipment inside the wind turbine. It is therefore important
that tools, spare parts, etc. is received in a correct order when
service or maintenance is to be performed on an energy
generating unit.

DESCRIPTION OF THE INVENTION

[0007] It is an object of embodiments of the invention to
provide a logistics system for a multirotor wind turbine
which allows access from the inside of the wind turbine for
personnel and/or equipment to energy generating units
mounted at a distance from the tower.
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[0008] It is a further object of embodiments of the inven-
tion to provide a logistics system for a multirotor wind
turbine which ensures the availability of required equipment
for performing a scheduled service task.

[0009] According to a first aspect the invention provides a
logistics system for a multirotor wind turbine, the multirotor
wind turbine comprising a tower, two or more energy
generating units, and a load carrying structure comprising
first and second arms extending from the tower, the energy
generating units being carried by the arms, the logistics
system comprising:

[0010] a transport system interconnecting a lower inte-
rior part of the tower with each of the energy generating
units, thereby allowing equipment to be transported
between the lower interior part of the tower and each
energy generating unit,

[0011] a plurality of transport containers being connect-
able to the transport system and being configured to
hold equipment to be transported, and

[0012] a control unit being configured to receive infor-
mation regarding contents and position of the transport
containers, and to plan transport of the transport con-
tainers via the transport system, based on a service plan
for the multirotor wind turbine.

[0013] Thus, the first aspect of the invention provides a
logistics system for a multirotor wind turbine, i.e. for a wind
turbine comprising two or more energy generating units. In
the present context the term ‘logistics system’ should be
interpreted to mean a system which handles transportation of
equipment and/or personnel within a multirotor wind tur-
bine.

[0014] The multirotor wind turbine comprises a tower, two
or more energy generating units and a load carrying struc-
ture. The load carrying structure comprises first and second
arms extending from the tower, and the energy generating
units are carried by the arms. The arms may extend from the
tower along substantially opposite directions, i.e. from
opposing sides of the tower. The arms may extend along
directions which are substantially perpendicular to the direc-
tion of the tower, or they may extend along a direction
forming an acute angle with the direction of the tower. The
arms may be connected to the tower in such a manner that
a line interconnecting the attachment positions of the two
arms passes the tower. Alternatively, such an interconnecting
line may intersect the tower.

[0015] In the present context the term ‘energy generating
unit’ should be interpreted to mean a part of the wind turbine
which actually transforms the energy of the wind into
electrical energy. Each energy generating unit thereby typi-
cally comprises a rotor, carrying a set of wind turbine blades,
and a generator. The energy generating unit may further
comprise a gear arrangement interconnecting the rotor and
the generator. The generator, and possibly the gear arrange-
ment, may be arranged inside a nacelle.

[0016] In the present context the term ‘tower’ should be
interpreted to mean a substantially vertical structure, similar
to a tower of a traditional single rotor wind turbine.
[0017] Since the energy generating units are carried by the
arms, which extend from the tower, the energy generating
units may be positioned at a distance from the tower.
[0018] The logistics system comprises a transport system,
a plurality of transport containers and a control unit.
[0019] The transport system interconnects a lower interior
part of the tower with each of the energy generating units.
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Thereby equipment can be transported between the lower
interior part of the tower and any of the energy generating
units by means of the transport system, and potentially
without exiting the interior of the wind turbine. The trans-
port system may further be used for transporting personnel,
e.g. in the case of evacuation. However, normal transport of
personnel may take place via a separate personnel transport
system. The transport containers may be transported via an
interior part of the tower and along the arms, or they may be
transported directly from the lower part of the tower to a
given energy generating unit, e.g. by directly hoisting the
transport containers, e.g. by means of hoisting equipment
arranged at the energy generating unit.

[0020] The plurality of transport containers are connect-
able to the transport system and configured to hold equip-
ment to be transported. In the present context the term
‘transport container’ should be interpreted to mean a sub-
stantially closed unit, e.g. in the form of a box or the like,
defining a hollow interior in which equipment to be trans-
ported can be accommodated. Thus, the equipment is trans-
ported in the transport containers which are in turn con-
nected to the transport system. Accordingly, the equipment
can be packed into the containers, e.g. before being shipped
to the site of the multirotor wind turbine. Thereby it can
easily be ensured that all required equipment for a given
service task is provided at a given energy generating unit of
the multirotor wind turbine. Furthermore, the transport con-
tainers protect the equipment during transport and protect
the wind turbine from collisions with equipment during
transport. The equipment being held in the transport con-
tainers may include tools, spare parts, etc.

[0021] The transport containers may further be used for
transporting liquids, such as oil, refrigerant, hydraulic fluids
and the like, to and from a service position. In this case the
transport containers should preferably be hermetically
sealed in order to avoid spillage during transport.

[0022] The control unit is configured to receive informa-
tion regarding contents and position of the transport con-
tainers. Thereby the control unit keeps track of which
equipment is being transported by which transport contain-
ers, as well as of the position of each transport container, and
thereby of the equipment contained in the containers. The
control unit is further configured to plan transport of the
transport containers via the transport system, based on a
service plan for the multirotor wind turbine.

[0023] The logistics system may be operated in the fol-
lowing manner. When a certain service task is required on
the multirotor wind turbine, a service plan including sched-
uling of the task, a list of required equipment and a plan for
the actual performance of the service task is generated.
Based thereon, the required equipment is packed into a
number of transport containers. The transport containers are
packed in such a manner that equipment required for a
specific step of the service task is packed together in order
to ensure that everything required for performing a given
step is available simultaneously.

[0024] The packed transport containers are then shipped to
the site of the multirotor wind turbine, and information
regarding the contents of each transport container is supplied
to the control unit. The transport containers may be shipped
along with transport containers holding equipment which is
required for several other service tasks to be performed on
the same multirotor wind turbine.
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[0025] The control unit then generates a transport plan for
the transport containers, including a sequence in which the
transport containers need to be delivered at the relevant
energy generating units, or other parts of the multirotor wind
turbine where service is required. Thus, the transport plan
ensures that each position of the multirotor wind turbine
where service is required receives the necessary equipment
for performing the service task, and in the order in which the
equipment is required.

[0026] Finally, the transport containers are connected to
the transport system, according to the sequence defined by
the transport plan, and transported to the relevant positions
of the multirotor wind turbine by means of the transport
system. During this, the control unit keeps track of the
whereabouts of each of the transport containers.

[0027] Thus, the control unit ensures that all equipment
required for each of the service tasks to be performed is
delivered timely at the positions of the service tasks, and in
a relevant order which ensures that the service tasks can be
performed in a smooth and time efficient manner. Further-
more, the equipment is delivered at the relevant positions
without leaving the interior of the wind turbine. Thereby the
service tasks can be performed regardless of the weather
conditions. This makes it easier and more cost effective to
plan service tasks, in particular with respect to offshore wind
turbines.

[0028] The transport system may comprise rails, and the
transport containers may be configured to slide along the
rails. According to this embodiment, the transport containers
are moved along at least a part of the transport path defined
by the transport system by sliding along the rails. Thereby
manual handling of the transport containers is minimised.
The rails may be arranged at an elevated position, e.g. on a
ceiling or the like, in which case the transport containers
may be transported along the rails in a suspended manner. As
an alternative, the rails may be arranged on a wall or a floor.
[0029] The movement of the transport containers along the
rails may be motorised.

[0030] The transport system may comprise a lifting system
configured to lift transport containers from the lower interior
part of the tower to a platform arranged at a level where the
arms of the load carrying structure extend from the tower.
According to this embodiment, the multirotor wind turbine
is provided with a platform inside the tower, at the level
where the load carrying structure is mounted on the tower.
Such a platform may be used for receiving transport con-
tainers, personnel, etc., and possibly storing equipment
intermediately. From the platform, any of the arms can be
accessed, i.e. equipment and/or personnel can be distributed
to an energy generating unit mounted on either of the arms.
[0031] The lifting system may be a separate system which
is arranged to only lift the transport containers. Alterna-
tively, the lifting system may form part of or be connected
to a lift for transporting personnel. In this case the transport
containers may be attached to an outer surface of the lift, e.g.
below the cabin or on an outer side wall of the cabin. When
the transport containers are attached to a lift in this manner,
the service personnel and at least one transport container are
lifted towards the platform simultaneously, thereby reducing
the time required for transporting service personnel and
equipment to a service position. As another alternative, the
lifting system may comprise a separate system as well as
allowing some of the transport containers to be lifted by
means of a lift for transporting personnel.
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[0032] Thus, the transport containers are, in this case,
lifted or hoisted along a substantially vertical direction,
inside the tower, until the platform is reached. From there,
the transport containers are directed towards a relevant arm
and transported further on towards a relevant service posi-
tion, e.g. at an energy generating unit. This part of the
transportation may, e.g., take place by sliding the transport
containers along rails as described above, in which case the
transport containers may be hooked onto relevant rails at the
platform.

[0033] A part of the transport system may, thus, be
arranged in interior parts of the arms of the load carrying
structure. In this case the arms may be hollow. Such a part
of the transport system may advantageously include rails as
described above. According to this embodiment, the trans-
port containers remain inside the wind turbine during the
entire transport.

[0034] The multirotor wind turbine may further comprise
a yaw arrangement allowing the load carrying structure to
rotate relative to the tower.

[0035] In the present context the term ‘yaw arrangement’
should be interpreted to mean an arrangement which allows
rotational movements of a structure relative to the tower of
the wind turbine, in order to direct the rotors of the energy
generating units into the incoming wind. For instance, the
load carrying structure, carrying the energy generating units,
may rotate relative to the tower.

[0036] The yaw arrangement may comprise an outer wall
part forming a closed ring extending circumferentially about
an outer surface of the tower. This structure may form a
space 8 between the tower 2 and the outer wall part 7. The
yawing is provided during rotation of the outer wall part
relative to the outer surface of the tower.

[0037] The yaw arrangement may define a passage from
an interior part of the tower to an interior part of the arms
through said space 8.

[0038] The transport containers may particularly be sized
to allow their transportation through the passage. Corre-
spondingly, the transport system may facilitate movement of
the transport containers through the passage of the yaw
arrangement. This may be provided e.g. by letting the
transport system extend through the yaw arrangement and
through said passage.

[0039] Since the transport system, according to this
embodiment, extends through the yaw arrangement, it
extends between structures which rotate relative to each
other, e.g. in the form of the tower and the load carrying
structure. The transport system may therefore comprise
separate portions connected to each of these structures. A
transport container being transported by means of the trans-
port system may thereby need to be disconnected from one
portion and connected to another portion of the transport
system when passing through the yaw arrangement. This
could, e.g., take place in an automatic or semi-automatic
manner, e.g. by means of movable rail portions being
operable to interconnect relevant rails when a transport
container is passing, in accordance with the destination of
the transport container. As an alternative, the transport
containers may be moved manually between the portions of
the transport system.

[0040] The yaw arrangement may comprise an outer wall
part arranged coaxially with the tower and forming a closed
ring extending circumferentially about an outer surface of
the tower, thereby forming a space between the tower and
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the outer wall part, the outer wall part and the outer surface
of the tower being rotatable relative to each other.

[0041] According to this embodiment, the outer wall part
surrounds the tower angularly, and the closed ring of the
outer wall part has a larger diameter than the diameter of the
tower. Thereby a space is formed between the tower and the
outer wall part. The space formed in this manner is closed in
the sense that it spans the entire circumference of the tower
angularly. However, it is preferably possible to access the
space, e.g. from an interior part of the tower, via a passage
in the tower wall. The outer wall part may be a solid wall,
or it may have a lattice structure or the like.

[0042] The outer wall part and the outer surface of the
tower are rotatable relative to each other. Thereby the tower
and the outer wall part forms two parts of the yaw arrange-
ment which rotate relative to each other during yawing
movements. Furthermore, the walls of the space, i.e. the
tower wall and the outer wall, move relative to each other.
For instance, in the case that a floor defined in the space is
attached to the outer wall, a person entering the space from
the interior part of the tower will enter a space where the
floor is potentially moving relative to a floor defined in the
interior part of the tower. Alternatively, the floor of the space
may be connected to the tower, in which case it will not
move relative to the floor defined in the interior part of the
tower.

[0043] The arms of the load carrying structure are prefer-
ably attached to the outer wall part, thereby allowing the
arms to rotate along with the outer wall part, relative to the
tower, during yawing movements.

[0044] According to this embodiment, the transport sys-
tem may extend through the space formed between the tower
and the outer wall part. Thereby access between the interior
part of the tower and the energy generating units being
carried by the arms is independent of the yaw position of the
yaw arrangement.

[0045] The multirotor wind turbine may further be pro-
vided with a helipad, e.g. at the top of the tower, and the
transport system may further comprise a mechanism for
lowering equipment, e.g. packed in transport containers,
from the helipad towards a platform arranged at the level of
at least one yaw arrangement. In this case some of the
equipment may be delivered by means of helicopter. For
instance, in the case that the multirotor wind turbine com-
prises two yaw arrangements, each having two arms con-
nected thereto, equipment required for the uppermost arms
may be delivered by means of helicopter and lowered
towards the uppermost yaw arrangement, while equipment
required for the lowermost yaw arrangement is provided
from below as described above. However, it is not ruled out
that equipment received at the helipad is lowered further
down to the lowermost yaw arrangement.

[0046] The transport containers may be floatable. Accord-
ing to this embodiment, the transport containers may be
towed after a seagoing vessel, such as a ship or a barge,
during transport to the site of the multirotor wind turbine.
This will reduce loading space requirements of the vessel
used for transporting the transport containers towards the
site. Furthermore, the transport containers may be dumped
in water and subsequently retrieved. This could, e.g., be
relevant during transfer of transport containers between a
seagoing vessel and an offshore wind turbine. Floatable
transport containers are particularly relevant when perform-
ing service on an offshore wind turbine. However, it is not
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ruled out that part of the transfer between a manufacturing
site and an onshore wind turbine site takes place over water
and by means of a seagoing vessel, in which case it may still
be relevant to tow the transport containers in the manner
described above.

[0047] The transport containers may be provided with
machine readable code, and information regarding contents
and position of the transport containers may be provided to
the control unit by reading the machine readable code.
According to this embodiment, each transport container is
identified by means of a unique identifier in the form of a
machine readable code. Information regarding the contents
of a given transport container may be stored in the control
unit along with information regarding the unique identifier.
Thus, by reading the machine readable code the contents of
a given transport container can readily be determined. Fur-
thermore, by reading the machine readable code of a given
transport container by means of a suitable reader arranged at
a specific position, information regarding the position of the
transport container can be obtained and supplied to the
control unit.

[0048] The machine readable code may, e.g., be in the
form of a bar code, a QR code, a transponder, or any other
suitable kind of machine readable code. In the case that the
machine readable code is in the form of a transponder or a
similar device, the machine readable code can be read while
the transport container is in motion, e.g. as it is transported
by means of the transport system.

[0049] The machine readable code may be used for moni-
toring the movements of the transport containers when they
are transported by means of the transport system. This may
be performed in a continuous manner, where the exact
position of a given article at any given time is obtained. As
an alternative, the position of a given transport container
may merely be detected when it passes a given check point
along the transport path.

[0050] The transport system may comprise a mechanism
which can automatically retrieve a transport container, con-
nect it to the transport system and possibly activate the
transport system to cause the transport container to be
transported towards a service position. In this case the
mechanism may advantageously use the machine readable
code in order to identify the transport container. Each
transport container may have a size and shape which ensures
that the transport container can pass from the lower interior
part of the tower to a given energy generating unit by means
of the transport system. According to this embodiment, it is
ensured that any equipment which has been packed into a
transport container will be able to reach a given energy
generating unit. Thereby it is prevented that equipment gets
stuck at a position between the lower interior part of the
tower and a service position at an energy generating unit,
possibly blocking the passage for subsequent equipment.
The size and shape of the transport containers may, e.g., be
selected on the basis of the narrowest parts of the transport
path defined by the transport system.

[0051] The transport containers may be provided with a
climate conditioning system for maintaining a certain tem-
perature and/or humidity inside the transport containers. In
this case the transport containers may further be provided
with a battery and/or may be connectable to a power supply
at the multirotor wind turbine in order to power the climate
conditioning system. This may, e.g., be advantageous in the
case that the transport containers are transported to the site
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of the multirotor wind turbine and intermediately stored
there, possibly for weeks or months, before the service is
performed. In this case the climate conditioning system
protects the equipment packed in the transport containers
from extreme temperatures and/or humidity levels during
the intermediate storage.

[0052] According to a second aspect the invention pro-
vides a multirotor wind turbine comprising a tower, two or
more energy generating units, a load carrying structure
comprising first and second arms extending from the tower,
the energy generating units being carried by the arms, and a
logistics system according to the first aspect of the invention.
[0053] Thus, the multirotor wind turbine according to the
second aspect of the invention comprises a logistics system
according to the first aspect of the invention. The remarks set
forth above with reference to the first aspect of the invention
are therefore equally applicable here.

[0054] According to a third aspect the invention provides
a method for performing service on a multirotor wind
turbine according to the second aspect of the invention, the
method comprising the steps of:

[0055] packing equipment in two or more transport
containers, based on a kind of service to be performed,

[0056] moving the transport containers to a site of the
multirotor wind turbine,

[0057] determining a transporting sequence of the trans-
port containers, based on the contents of the transport
containers, and corresponding to an order in which it is
required to receive the contents of the transport con-
tainers at an energy generating unit,

[0058] transporting the transport containers from a
lower interior part of the tower to an energy generating
unit of the multirotor wind turbine by means of the
transport system of the multirotor wind turbine, and in
accordance with the determined transporting sequence,
and

[0059] performing service at the energy generating unit,
using the equipment contained in the transport contain-
ers.

[0060] The third aspect of the invention provides a method
for performing service on a multirotor wind turbine accord-
ing to the second aspect of the invention, i.e. on a multirotor
wind turbine comprising a logistics system according to the
first aspect of the invention. It should therefore be noted that
a person skilled in the art would readily recognise that any
feature described in combination with the first or second
aspects of the invention could also be combined with the
third aspect of the invention, and vice versa.

[0061] According to the method of the third aspect of the
invention, equipment is initially packed in two or more
transport containers, based on a kind of service to be
performed. This has already been described above with
reference to the first aspect of the invention.

[0062] Next, the transport containers are moved to a site of
the multirotor wind turbine. As described above, this could
include moving the transport containers across water, e.g. on
a seagoing vessel and/or by towing floatable transport con-
tainers behind a seagoing vessel. Alternatively or addition-
ally, the transport containers could be moved by means of a
land vessel, such as a truck or by rail.

[0063] Next, a transporting sequence of the transport con-
tainers is determined, based on the contents of the trans-
porting containers, and corresponding to an order in which
it is required to receive the contents of the transporting
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containers at an energy generating unit. As described above,
it can thereby be ensured that all equipment required in order
to perform a certain service step is available at the energy
generating unit when the service step is to be performed.
[0064] The transport containers are then transported from
a lower interior part of the tower to an energy generating unit
of the multirotor wind turbine by means of the transporting
system of the multirotor wind turbine, and in accordance
with the determined transporting sequence. Thereby the
equipment is actually delivered at the energy generating unit
in the order which ensures that the relevant equipment is
available when a given service step is to be performed.
[0065] Finally, the service is performed at the energy
generating unit.
[0066] The method may further comprise the steps of:
[0067] after the step of performing service at the energy
generating unit, packing equipment in the two or more
transport containers, and
[0068] transporting the transport containers from the
energy generating unit to the lower interior part of the
tower by means of the transport system.
[0069] According to this embodiment, the transport con-
tainers are reused for returning equipment, e.g. in the form
of tools and/or components which have been replaced by
spare parts, to the lower interior part of the tower. The
remarks set forth above regarding transporting equipment
from the lower interior part of the tower to the energy
generating unit are equally applicable here.

BRIEF DESCRIPTION OF THE DRAWINGS

[0070] The invention will now be described in further
detail with reference to the accompanying drawings in
which

[0071] FIG. 1 is a schematic view of a multirotor wind
turbine according to an embodiment of the invention,
[0072] FIGS. 2-5 illustrate a yaw arrangement for a mul-
tirotor wind turbine according to an embodiment of the
invention,

[0073] FIG. 6 shows an outer wall part for the yaw
arrangement of FIGS. 2-5,

[0074] FIGS. 7 and 8 are perspective views of two trans-
port containers for a logistics system according to an
embodiment of the invention, and

[0075] FIGS. 9-31 illustrate method steps of a method for
performing service according to an embodiment of the
invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0076] FIG. 1 is a schematic view of a multirotor wind
turbine 1 according to an embodiment of the invention. The
wind turbine 1 comprises a tower 2 and two load carrying
structures, each comprising two arms 3 extending away
from the tower 2 along substantially opposite directions.
Each arm 3 carries an energy generating unit 4 with three
wind turbine blades 5.

[0077] The load carrying structures 3 are connected to the
tower 2 via two separate yaw arrangements 6, thereby
allowing the lower set of arms 3a to perform yawing
movements relative to the tower 2 independently of yawing
movements of the upper set of arms 35 relative to the tower.
[0078] In traditional single rotor wind turbines, a nacelle
carrying the single rotor of the wind turbine is normally
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connected directly to the top of the tower. Thereby the
nacelle and the rotor can readily be accessed via the interior
of the tower.

[0079] However, in the multirotor wind turbine 1 of FIG.
1 the energy generating units 4 are mounted on the arms 3
at a distance from the tower 2. Thereby the energy gener-
ating units 4 are not directly accessible from the interior of
the tower 2. Instead, they may be accessed from the outside,
e.g. via hoisting from a position immediately below a
relevant energy generating unit 4, or from above via a
helicopter. In the multirotor wind turbine 1 according to the
invention, the energy generating units 4 can be accessed
from the interior of the tower 2 by means of a passage
extending through a relevant yaw arrangement 6 and an
interior part of a relevant arm 3. This will be described in
further detail below. The multirotor wind turbine 1 is pro-
vided with a logistics system according to an embodiment of
the invention. This will also be described in further detail
below.

[0080] FIG. 2 is a cross sectional view of a yaw arrange-
ment 6 for a multirotor wind turbine according to an
embodiment of the invention. The yaw arrangement 6 com-
prises an outer wall part 7 arranged circumferentially about
an outer surface of the tower 2. Thereby a space 8 is formed
between the tower 2 and the outer wall part 7. The space 8
can be accessed from the interior part of the tower 2 via a
passage 9.

[0081] Two arms 3, one of which is shown, are attached to
the outer wall part 7 and extend in a direction away from the
yaw arrangement 6 and the tower 2. The arms 3 are hollow,
and the interior of each arm 3 can be accessed from the space
8 formed between the tower 2 and the outer wall part 7 via
apassage 10. Thus, an energy generating unit mounted on an
arm 3, essentially as illustrated in FIG. 1, can be accessed
from the interior of the tower 2 via an access path extending
through passage 9, space 8, passage 10 and the interior of the
arm 3. This allows access between the interior of the tower
2 and the interior of the arm 3, regardless of the yaw position
of the yaw arrangement 6.

[0082] The outer wall part 7 is connected to the tower 2 by
means of a first bearing 11 and a second bearing 12. Thereby
the outer wall part 7 can rotate relative to the tower 2 in order
to orientate rotors of the energy generating units mounted on
the arms 3 in accordance with the incoming wind. Accord-
ingly, the access path described above extends across parts
which are capable of performing rotational movements
relative to each other.

[0083] The first bearing 11 interconnects a lower part of
the outer wall part 7 and the tower 2, and the second bearing
12 interconnects an upper part of the outer wall part 7 and
the tower 2. Thereby the extremities of the outer wall part 7
are each supported against the tower 2 by means of a bearing
11, 12, thereby stabilising the structure. The first bearing 11
is configured to handle axial loads as well as radial loads,
whereas the second bearing 12 is configured to handle radial
loads, but not axial loads. Thereby the axial loads are
handled by the bearing 11 on which the outer wall part 7
rests, and the position where the highest axial loads are
expected.

[0084] A platform 13 is arranged in the interior of the
tower 2 at a vertical level corresponding to the position of
the yaw arrangement 6. At the platform 13, equipment as
well as personnel can be received and intermediately stored.
For instance, equipment may be hoisted to the platform 13
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from a lower interior part of the tower 2, using a hoisting
arrangement 14. Once received at the platform 13, the
equipment can be moved into the space 8 defined between
the tower 2 and the outer wall 7, via opening 9. From there,
the equipment can be moved into the interior of a relevant
arm 3, via opening 10, and be moved inside the arm 3 to a
relevant energy generating unit. Equipment may also be
moved in the opposite direction from an energy generating
unit to the lower interior part of the tower 2, via the platform
13.

[0085] FIG. 3 is a detail of the yaw arrangement 6 of FIG.
2. In FIG. 3 the passage 9 between the interior part of the
tower 2 and the space 8 defined between the tower 2 and the
outer wall 7 can be seen more clearly than in FIG. 2.
[0086] FIG. 4 is a cross sectional view of a part of a yaw
arrangement 6 for a multirotor wind turbine according to an
embodiment of the invention. Similarly to the embodiment
shown in FIGS. 2 and 3, the yaw arrangement 6 comprises
an outer wall part 7 arranged circumferentially about the
tower 2, thereby forming a space 8 there between.

[0087] In the embodiment of FIG. 4 the outer wall part 7
comprises a casted section onto which the arms 3 are
attached, and one or more further sections arranged above
the casted section and being attached to the casted section.
In FIG. 4 only the casted section is shown. Thereby the part
of the outer wall part 7 where the arms 3 are attached is
stronger than the remaining part of the outer wall part 7.
Accordingly, the manufacturing costs of the outer wall part
7 are minimised without compromising the strength of the
outer wall part 7.

[0088] FIG. 4 further illustrates equipment being trans-
ported inside the wind turbine in transport containers 15.
The transport containers 15 have a size and a shape which
ensures that the transport containers 15 can be moved from
a position at the lower interior part of the tower 2 to an
energy generating unit mounted on one of the arms 3.
Thereby it is ensured that equipment packed in one of the
transport containers 15 will actually be able to reach a
destination at an energy generating unit, without risking that
the equipment gets stuck.

[0089] In FIG. 4 it can further be seen that the yaw
arrangement 6 is provided with a plurality of yaw drives 16
configured for driving the yawing movements of the outer
wall part 7 relative to the tower 2.

[0090] FIG. 5 is a perspective view of the yaw arrange-
ment 6 of FIG. 4. FIG. 5 illustrates that the transport system
used for transporting equipment between the lower interior
part of the tower 2 and the energy generating unit may also
be used for transporting personnel. This could, e.g., be
relevant in the case that personnel needs to be evacuated
from the wind turbine.

[0091] In FIG. 5 it can further be seen that the casted
section of the outer wall part 7 is provided with a reinforce-
ment flange 17. The reinforcement flange 17 does not extend
the entire circumference of the casted section. Instead, it is
positioned in the part of the casted section where the arms
3 are attached, i.e. in the part where the highest loads are
expected, and where additional strength is therefore needed.
Accordingly, improved strength is obtained with minimal
material use.

[0092] FIG. 6 is a perspective view of a casted section of
the outer wall part 7 shown in FIGS. 5 and 6. The casted
section is formed by three segments 18, each spanning an
angle of approximately 120°, the segments 18 being joined
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to each other by means of bolt connections 19. One of the
segments 18 includes the reinforcement flange 17 and inter-
face portions 20 for attaching the arms to the outer wall part
7.

[0093] FIGS. 7 and 8 are perspective views of two differ-
ent transport containers 15 for a logistics system according
to an embodiment of the invention. The transport container
15 of FIG. 7 has a size and shape which differs from the size
and shape of the transport container 15 of FIG. 8. Thereby
equipment which may be accommodated in the transport
container 15 of FIG. 7 may not be accommodated in the
transport container 15 of FIG. 8, and vice versa. However,
both of the transport containers 15 have outer dimensions
which ensure that they can pass from a lower interior part of
a tower of a multirotor wind turbine to each of the energy
generating units of the multirotor wind turbine, in the
manner described above. Furthermore, the transport con-
tainers 15 provide a standardized manner of transporting
equipment in a multirotor wind turbine.

[0094] The transport containers 15 are in the form of
closed containers with a hard outer surface. Thereby the
equipment being transported by means of the transport
containers 15 is protected during transport.

[0095] The transport containers 15 are provided with
eyelets 21 for connecting the transport containers 15 to a
transport system, e.g. via hooks, pulleys, etc. Accordingly,
the eyelets 21 provide a standardized interface between
equipment being transported and the transport system.
[0096] The transport containers 15 may be made from a
material which allows them to float, even if equipment is
accommodated therein. This will allow the transport con-
tainers 15 to be dragged behind a seagoing vessel in a
self-floating manner, thereby reducing the requirements with
regard to storage space on the seagoing vessel.

[0097] FIGS. 9-31 illustrate method steps of a method for
performing service on a multirotor wind turbine according to
an embodiment of the invention.

[0098] In FIG. 9 a seagoing vessel 22 is arriving at a
multirotor wind turbine positioned at an offshore site. The
lowermost part of the tower 2 of the multirotor wind turbine
can be seen, and a transition platform 23 carrying a crane 24
is arranged on the tower 2.

[0099] In FIG. 10 the seagoing vessel 22 is moored at the
multirotor wind turbine, and personnel is in the process of
being transferred from the seagoing vessel 22 to the transi-
tion platform 23.

[0100] FIG. 11 illustrates a hoisting wire 25 being lowered
from the transition platform 23 towards the seagoing vessel
22 by means of the crane 24, and the hoisting wire 25 being
attached to a transport container 15 arranged on the seagoing
vessel 22, the transport container 15 accommodating equip-
ment 26 which has previously been packed into the transport
container 15.

[0101] In FIG. 12 the transport container 15 is being
hoisted from the seagoing vessel 22 towards the transition
platform 23 by means of the crane 24.

[0102] In FIG. 13 the transport container 15 has arrived at
the transition platform 23, and the crane 24 is in the process
of lowering the transport container 15 onto the transition
platform 23, adjacent to an opening 27 formed in the wall of
the tower 2.

[0103] In FIG. 14 the transport container 15 has been
connected to a transport system arranged inside the multi-
rotor wind turbine via a wire 28, and the transport container



US 2022/0056890 Al

15 is in the process of being pulled through the opening 27
formed in the wall of the tower 2 by means of the transport
system pulling the wire 28. Accordingly, the transport con-
tainer 15 is entering a lower interior part of the tower 2. It
can be seen that the transport container 15 has been con-
nected to the wire 28 via the eyelet 21.

[0104] A protective surface 29 is arranged on the floor,
allowing the transport container 15 to slide along the floor
without causing damage thereto.

[0105] FIG. 15 illustrates that personnel is being hoisted
from the lower interior part of the tower 2 to a platform
arranged at a level corresponding to the position of a
lowermost yaw arrangement 6.

[0106] InFIG. 16 ahoisting wire 30 is being lowered from
the platform 13 towards the lower interior part of the tower
2 by means of a winch 31.

[0107] In FIG. 17 the hoisting wire 30 has reached the
lower interior part of the tower 2 and is in the process of
being attached to the transport container 15, which was
previously moved into the lower interior part of the tower 2.
[0108] In FIG. 18 the transport container 15 is being
hoisted from the lower interior part of the tower 2 towards
the platform (not shown) by means of the hoisting wire 30
and the winch (not shown).

[0109] In FIG. 19 the transport container 15 has reached
the platform 13 and is about to be lowered onto the platform
13.

[0110] In FIG. 20 the transport container 15 has been
lowered onto the platform 13 and is about to be released
from the hoisting wire 30.

[0111] In FIG. 21 the transport container 15 has been
connected to a rail system 32 arranged in the space 8 formed
between the tower 2 and the outer wall part 7, by means of
a chain hoist 33. The transport container 15 can thereby be
pulled through the passage 9 and into the space 8 using the
chain hoist 33.

[0112] In FIG. 22 the transport container 15 is in the
process of being pulled through the passage 9 in the manner
described above.

[0113] In FIG. 23 the transport container 15 has been
pulled completely through the passage 9 and is now
arranged in the space 8 and is suspended from the rail system
32. The transport container 15 is in the process of being
transported inside the space 8 from the passage 9 towards a
passage 10 interconnecting the space 8 and the interior of
one of the arms 3.

[0114] In FIG. 24 the transport container 15 has reached
the passage 10 and is in the process of being lowered from
the rail system 32.

[0115] In FIG. 25 the transport container 15 has been
connected to another rail system 34 arranged in the interior
part of the arm 3.

[0116] In FIG. 26 the transport container 15 is in the
process of being moved from the passage 10 towards an
energy generating unit (not shown) being carried by the arm
3, by means of the rail system 34. Thus, the transport
container 15 is being moved inside the arm 3.

[0117] In FIG. 27 the transport container 15 has reached a
position immediately before a fire door 35 which is arranged
near an entrance to the energy generating unit 4 being
carried by the arm 3. The transport container 15 is about to
be lowered from the rail system 34.

[0118] In FIG. 28 the transport container 15 has been
connected to a hoisting wire 36 forming part of a hoisting
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system arranged in the energy generating unit 4. The trans-
port container 15 is in the process of being pulled through an
opening 37 in the fire door 35 by means of the hoisting wire
36.

[0119] In FIG. 29 the transport container 15 is in the
process of being pulled further into the energy generating
unit 4.

[0120] FIG. 30 shows the transport container 15 entering
the interior of the energy generating unit 4.

[0121] InFIG. 31 the transport container 15 is arranged on
a floor 38 inside the energy generating unit 4 and has been
released from the hoisting wire. The transport container 15
has been opened, thereby allowing access to equipment 26
which has been transported inside the transport container 15.
Accordingly, the equipment 26 can now be used for per-
forming a schedule service task at the energy generating unit
4.

1. A logistics system for a multirotor wind turbine, the
multirotor wind turbine comprising a tower, two or more
energy generating units, and a load carrying structure com-
prising first and second arms extending from the tower, the
energy generating units being carried by the arms, the
logistics system comprising:

a transport system interconnecting a lower interior part of
the tower with each of the energy generating units,
thereby allowing equipment to be transported between
the lower interior part of the tower and each energy
generating unit, and

a plurality of transport containers being connectable to the
transport system and being configured to hold equip-
ment to be transported.

2. The logistic system according to claim 1, comprising:

a control unit being configured to receive information
regarding contents and position of the transport con-
tainers, and to plan transport of the transport containers
via the transport system, based on a service plan for the
multirotor wind turbine.

3. The logistics system according to claim 1, wherein the
transport system comprises rails, and wherein the transport
containers are configured to slide along the rails.

4. The logistics system according to claim 1, wherein the
transport system comprises a lifting system configured to lift
transport containers from the lower interior part of the tower
to a platform arranged at a level where the arms of the load
carrying structure extend from the tower.

5. The logistics system according to claim 1, wherein a
part of the transport system is arranged in interior parts of
the arms of the load carrying structure.

6. The logistics system according to claim 1, wherein the
multirotor wind turbine further comprises a yaw arrange-
ment allowing the load carrying structure to rotate relative to
the tower.

7. The logistics system according to claim 6, wherein the
yaw arrangement comprises an outer wall part forming a
closed ring extending circumferentially about an outer sur-
face of the tower, thereby forming a space between the tower
and the outer wall part, the outer wall part and the outer
surface of the tower being rotatable relative to each other.

8. The logistic system according to claim 7, wherein the
yaw arrangement defines a passage from an interior part of
the tower to an interior part of the arms through the space.

9. The logistic system according to claim 8, wherein the
transport containers are sized to allow their transportation
through the passage, and wherein the transport system
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facilitates movement of the transport containers through the
passage of the yaw arrangement.

10. The logistic system according to claim 6, wherein the
transport system extends through the yaw arrangement.

11. The logistics system according to claim 1, wherein the
transport containers are floatable.

12. The logistics system according to claim 1, wherein the
transport containers are provided with machine readable
code, and wherein information regarding contents and posi-
tion of the transport containers can be provided to the control
unit by reading the machine readable code.

13. The logistics system according to claim 1, wherein
each transport container has a size and shape which ensures
that the transport container can pass from the lower interior
part of the tower to a given energy generating unit by means
of the transport system.

14. The multirotor wind turbine comprising a tower, two
or more energy generating units, a load carrying structure
comprising first and second arms extending from the tower,
the energy generating units being carried by the arms, and a
logistics system according to claim 1.

15. A method for performing service on a multirotor wind
turbine according to claim 10, the method comprising the
steps of:
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packing equipment in two or more transport containers,
based on a kind of service to be performed,

moving the transport containers to a site of the multirotor
wind turbine,

determining a transporting sequence of the transport con-
tainers, based on the contents of the transport contain-
ers, and corresponding to an order in which it is
required to receive the contents of the transport con-
tainers at an energy generating unit,

transporting the transport containers from a lower interior
part of the tower to an energy generating unit of the
multirotor wind turbine by means of the transport
system of the multirotor wind turbine, and in accor-
dance with the determined transporting sequence, and
performing service at the energy generating unit, using
the equipment contained in the transport containers.

16. The method according to claim 15, further comprising

the steps of:

after the step of performing service at the energy gener-
ating unit, packing equipment in the two or more
transport containers, and

transporting the transport containers from the energy
generating unit to the lower interior part of the tower by
means of the transport system.
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