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DESCRIPTION

Technical Field

[0001] The present invention relates to an automated storage and retrieval system, a vehicle
for lifting and moving storage containers stacked in stacks within the system and a method
thereof.

Background and prior art

[0002] Fig. 1 discloses a typical prior art automated storage and retrieval system 1 with a
framework structure 100 and Fig. 2 discloses a prior art container handling vehicle 101 of such
a system 1.

[0003] The framework structure 100 comprises a plurality of upright members 102 and a
plurality of horizontal members 103 which are supported by the upright members 102. The
members 102, 103 may typically be made of metal, e.g. extruded aluminum profiles.

[0004] The framework structure 100 defines a storage grid 104 comprising storage columns
105 arranged in rows, in which storage columns 105 storage containers 106, also known as
bins, are stacked one on top of another to form stacks 107. Each storage container 106 may
typically hold a plurality of product items (not shown), and the product items within a storage
container 106 may be identical, or may be of different product types depending on the
application. The storage grid 104 guards against horizontal movement of the stacks 107 of
storage containers 106, and guides vertical movement of the containers 106, but does
normally not otherwise support the storage containers 106 when stacked.

[0005] The horizontal members 103 comprise a rail system 108 arranged in a grid pattern
across the top of the storage columns 105, on which rail system 108 a plurality of container
handling vehicles 101 are operated to raise storage containers 106 from and lower storage
containers 106 into the storage columns 105, and also to transport the storage containers 106
above the storage columns 105. The rail system 108 comprises a first set of parallel rails 110
arranged to guide movement of the container handling vehicles 101 in a first direction X across
the top of the frame structure 100, and a second set of parallel rails 111 arranged
perpendicular to the first set of rails 110 to guide movement of the container handling vehicles
101 in a second direction Y, which is perpendicular to the first direction X. In this way, the rail
system 108 defines grid columns 112 above which the container handling vehicles 101 can
move laterally above the storage columns 105, i.e. in a plane which is parallel to the horizontal
X-Y plane.

[0006] Each container handling vehicle 101 comprises a vehicle body 101a, and first and
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second sets of wheels 101b, 101¢c which enable the lateral movement of the container handling
vehicle 101 in the X direction and in the Y direction, respectively. In Fig. 2 two wheels in each
set are visible. The first set of wheels 101b is arranged to engage with two adjacent rails of the
first set 110 of rails, and the second set of wheels 101c is arranged to engage with two
adjacent rails of the second set 111 of rails. Each set of wheels 101b, 101c can be lifted and
lowered, so that the first set of wheels 101b and/or the second set of wheels 101¢c can be
engaged with the respective set of rails 110, 111 at any one time.

[0007] Each container handling vehicle 101 also comprises a lifting device (not shown) for
vertical transportation of storage containers 106, e.g. raising a storage container 106 from and
lowering a storage container 106 into a storage column 105. The lifting device comprises a
gripping device (not shown) which is adapted to engage a storage container 106, and which
gripping device can be lowered from the vehicle body 101a so that the position of the gripping
device with respect to the vehicle body 101a can be adjusted in a third direction Z which is
orthogonal the first direction X and the second direction Y.

[0008] Conventionally, and also for the purpose of this application, Z=1 identifies the
uppermost layer of the grid 104, i.e. the layer immediately below the rail system 108, Z=2 the
second layer below the rail system 108, Z=3 the third layer etc. In the embodiment disclosed in
Fig. 1, Z=8 identifies the lowermost, bottom layer of the grid 104. Consequently, as an
example, and using the Cartesian coordinate system X, Y, Z indicated in Fig. 1, the storage
container identified as 106’ in Fig. 1 can be said to occupy grid location or cell X=10, Y=2, Z=3.
The container handling vehicles 101 can be said to travel in layer Z=0 and each grid column
112 can be identified by its X and Y coordinates.

[0009] Each container handling vehicle 101 comprises a storage compartment or space for
receiving and stowing a storage container 106 when transporting the storage container 106
across the grid 104. The storage space may comprise a cavity arranged centrally within the
vehicle body 101a, e.g. as is described in W02014/090684A1.

[0010] Alternatively, the container handling vehicles 101 may have a cantilever construction, as
is described in NO317366.

[0011] The container handling vehicles 101 may have a footprint, i.e. an extension in the X and
Y directions, which is generally equal to the lateral or horizontal extension of a grid column 112,
i.e. the extension of a grid column 112 in the X and Y directions, e.g. as is described in

WO2015/193278A1.

[0012] Alternatively, the container handling vehicles 101 may have a footprint which is larger
than the lateral extension of a grid column 112, e.g. as is disclosed in WO2014/090684A1.

[0013] The rail system 108 may be a single rail system, as is shown in Fig. 3.

[0014] Alternatively, the rail system 108 may be a double rail system, as is shown in Fig. 4,
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thus allowing a container handling vehicle 101 having a footprint generally corresponding to
the lateral extension of a grid column 112 to travel along a row of grid columns even if another
container handling vehicle 101 is positioned above a grid column neighboring that row. Both
the single and double rail system forms a grid pattern in the horizontal plane P comprising a
plurality of rectangular and uniform grid locations or grid cells 122, where each grid cell 122
comprises a grid opening 115 being delimited by a pair of tracks 110a,110b of the first tracks
110 and a pair of tracks 111a,111b of the second set of tracks 111. In Fig. 4 the grid cell 122 is
indicated by a dashed box.

[0015] Each grid cell 122 has a width which is typically within the interval of 30 to 150 cm, and
a length which is typically within the interval of 50 to 200 cm. Each grid opening 115 has a
width and a length which is typically 2 to 10 cm less than the width and the length of the grid
cell 122.

[0016] In a storage grid 104, a majority of the grid columns 112 are storage columns 105, i.e.
grid columns 105 where storage containers 106 are stored in stacks 107. However, a grid 104
normally has at least one grid column 112 which is used not for storing storage containers 106,
but which comprises a location where the container handling vehicles 101 can drop off and/or
pick up storage containers 106 so that they can be transported to an access station 32 (see
figs. 12-14) where the storage containers 106 can be accessed from outside of the grid 104 or
transferred out of or into the grid 104. Within the art, such a location is normally referred to as
a "port" and the grid column 112 in which the port is located may be referred to as a port
column 19,20.

[0017] The grid 104 in Fig. 1 comprises two port columns 19 and 20. The first port column 19
may for example be a dedicated drop-off port column where the container handling vehicles
101 can drop off storage containers to be transported to an access or a transfer station (23),
and the second port column 20 may be a dedicated pick-up port column where the container
handling vehicles 101 can pick up storage containers 106 that have been transported to the
grid 104 from an access or a transfer station 32.

[0018] The access station 32 may typically be a picking or a stocking station where product
items are removed from or positioned into the storage containers 106. In a picking or a
stocking station 32, the storage containers 106 are normally never removed from the
automated storage and retrieval system 1, but are returned into the grid 104 once accessed. A
port can also be used for transferring storage containers out of or into the grid 104, e.g. for
transferring storage containers 106 to another storage facility (e.g. to another grid or to
another automated storage and retrieval system), to a transport vehicle (e.g. a train or a lorry),
or to a production facility.

[0019] A conveyor system comprising conveyors is normally employed to transport the storage
containers between the ports 19,20 and the access station 32.

[0020] If the port and the access station 32 are located at different levels, the conveyor system
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may comprise a lift device for transporting the storage containers 106 vertically between the
port 19,21 and the access station 32.

[0021] The conveyor system may be arranged to transfer storage containers 106 between
different grids, e.g. as is described in WO 2014/075937A. WO 2016/198467A discloses an
example of a prior art access system having conveyor belts (Figs. 5a and 5b) and a frame
mounted track (Figs. 6a and 6b) for transporting storage containers between ports and work
stations where operators can access the storage containers.

[0022] When a storage container 106 stored in the grid 104 disclosed in Fig. 1 is to be
accessed, one of the container handling vehicles 101 is instructed to retrieve the target storage
container 106 from its position in the grid 104 and transport it to the drop-off port 19. This
operation involves moving the container handling vehicle 101 to a grid location above the
storage column 105 in which the target storage container 106 is positioned, retrieving the
storage container 106 from the storage column 105 using the container handling vehicle's 101
lifting device (not shown), and transporting the storage container 106 to the drop-off port 19. If
the target storage container 106 is located deep within a stack 107, i.e. with one or a plurality
of other storage containers 106 positioned above the target storage container 106, the
operation also involves temporarily moving the above-positioned storage containers prior to
lifting the target storage container 106 from the storage column 105. This step, which is
sometimes referred to as "digging" within the art, may be performed with the same container
handling vehicle that is subsequently used for transporting the target storage container to the
drop-off port 19, or with one or a plurality of other cooperating container handling vehicles.
Alternatively, or in addition, the automated storage and retrieval system 1 may have container
handling vehicles specifically dedicated to the task of temporarily removing storage containers
from a storage column 105. Once the target storage container 106 has been removed from the
storage column 105, the temporarily removed storage containers can be repositioned into the
original storage column 105. However, the removed storage containers may alternatively be
relocated to other storage columns.

[0023] When a storage container 106 is to be stored in the grid 104, one of the container
handling vehicles 101 is instructed to pick up the storage container 106 from the pick-up port
20 and transport it to a grid location above the storage column 105 where it is to be stored.
After any storage containers positioned at or above the target position within the storage
column stack 107 have been removed, the container handling vehicle 101 positions the
storage container 106 at the desired position. The removed storage containers may then be
lowered back into the storage column 105, or relocated to other storage columns.

[0024] For monitoring and controlling the automated storage and retrieval system 1, e.g.
monitoring and controlling the location of respective storage containers 106 within the grid 104;
the content of each storage container 106; and the movement of the container handling
vehicles 101 so that a desired storage container 106 can be delivered to the desired location at
the desired time without the container handling vehicles 101 colliding with each other, the
automated storage and retrieval system 1 comprises a control system which typically is
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computerized and which typically comprises a database for keeping track of the storage
containers 106.

[0025] A problem associated with known automated storage and retrieval systems 1 is that the
area surrounding the ports 19,20 may become congested with container handling vehicles 101
instructed to drop off or pick up storage containers 106. This may seriously impede the
operation of the automated storage and retrieval system 1. In small systems, this situation may
possibly be alleviated by adding ports to the grid, as this will allow the container handling
vehicles 101 to be distributed among a larger number of ports in order to avoid congestion.
However, if ports are added, the conveyor system infrastructure must normally be increased.
This requires space, which may not necessarily be available. Also, adding conveyor system
infrastructure is costly.

[0026] Furthermore, the current trend within the automated storage and retrieval system
industry is that there is an increasing demand for larger storage grids. Since the number of
storage containers stored in a grid generally scales as the volume of the grid, but the space
available for ports generally scales as the surface of the grid, increasing the number of ports
will not necessarily solve the congestion problem when the grid size increases.

[0027] Another problem with prior art automated storage and retrieval systems using storage
container vehicles with single cell design is that these vehicles necessitates a container
receiving cavity within the vehicle body itself and which must be open towards the underlying
grid. Strict space constrains are therefore set as to the locations and sizes of necessary vehicle
components, e.g. lifting devices and wheel displacement means. In order to maximize the
horizontal cross section of the cavity, the prior art single cell vehicles arrange at least some of
the vehicle components above the cavity (see e.g. WO 2015/193278 A1) and/or within the
wheels (see e.g. WO 2016/120075 A1), a solution that results in high complexity and cost.

[0028] In addition, the single cell vehicles may handle only one container in each operation,
thereby setting a limitation of the rate containers may be handled in operating the above
mentioned storage and retrieval system.

[0029] In patent publication WO 2013/167907 A1 it is disclosed a storage system with vehicles
operating on rails and capable of lifting several containers in each operation, in accordance
with the preamble of claims 1, 13 and 14.

[0030] However, the vehicles in this prior art storage system covers more than one cell,
causing increased risk of congestion.

[0031] In view of the above, it is desirable to provide an automated storage and retrieval
system, and a method for operating such a system, that solve or at least mitigate one or more
of the aforementioned problem related to use of prior art storage and retrieval systems.

Summary of the invention
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[0032] The present invention is set forth and characterized in the main claims, while the
dependent claims describe other characteristics of the invention.

[0033] In particular, the invention concerns an automated storage and retrieval system
comprising a track system comprising a first set of parallel tracks arranged in a horizontal
plane (P) and extending in a first direction (X) and a second set of parallel tracks arranged in
the horizontal plane (P) and extending in a second direction (Y) which is orthogonal to the first
direction (X). As a result, the first and second sets of tracks form a grid pattern in the horizontal
plane (P) comprising a plurality of adjacent grid cells, each comprising a grid opening defined
by a pair of neighboring tracks of the first set of tracks and a pair of neighboring tracks of the
second set of tracks. The system further comprises a plurality of stacks of storage containers
arranged in storage columns located beneath the track system, vertically below the grid
openings and a vehicle, preferably a plurality of vehicles, for lifing and moving storage
containers stacked in the stacks. Each vehicle comprises a vehicle body, a thereto connected
wheel assembly configured to guide the vehicle along the track system either in the first
direction (X), in the second direction (Y) or in both, a container picking device for releasably
attaching to a storage container. The container picking device further comprises one or more
arms, preferably pivot arms comprising a first end pivotally connected to the vehicle body at a
fixed or movable pivot point (PP) and a second, distal end. The configuration of the container
picking device is such that it is movable in a pivoting motion of the pivot arm about the pivot
point between a first, lifting position enabling the container picking device to lift at least one
storage container from a position beyond the horizontal extent of the vehicle body and a
second, transport position enabling the container picking device to hold the at least one
storage container at least partly within the horizontal extent of the vehicle body, above the
vehicle body. 'Horizontal extend' is herein defined as the outermost horizontal boundaries of
the vehicle body. Further, 'vehicle body' is herein defined as any common connection point for
the wheel assembly and the container picking device, and may include any open frames,
protective box, etc. The arms, for example in form of pivot arms in respective pivot points, may
be directly or indirectly connected to said vehicle body.

[0034] The pivot arm, or pivot arms, may rotate around an axis perpendicular to the horizontal
plane (P), for example a pivot arm revolving around a vertical axis at the periphery of the
vehicle body. However, in an advantageous configuration the container picking device is
configured such that the pivotal movement of the pivot arm is restricted to a vertical plane
oriented in the first direction (X).

[0035] The container picking device preferably comprises an attachment device pivotally
connected to the pivot arm and configured to allow releasable attachment to the at least one
storage container. Such an attachment device may further comprise an attachment body
pivotally connected to the pivot arm and a gripping device / engagement device connected to
the attachment body, for releasably gripping / engaging the at least one storage container. The
maximum horizontal extent of the attachment device should preferably cover at least the
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horizontal extent of a storage container to be picked in order to create a high stability in the
picking process. If several containers should be picked in a single picking operation, the
horizontal extent should preferably at least cover the number of containers to be picked. High
stability refers to the stability of the withdrawal of the container from the storage column. By
ensuring that the attachment device has a horizontal extent that is equal to the horizontal
extent of the container, the lifting unit be operated on or near the horizontal boundaries of the
container.

[0036] In order to further increase the stability of the picking operation the container picking
device preferably comprises a first pivot arm pivotally connected to a first side of the vehicle
body aligned in the first direction (X), for example a first side wall, and a second pivot arm
pivotally connected to a second side of the vehicle body aligned in the first direction (X), for
example a second side wall. In this exemplary configuration, the first and second pivot arms
may advantageously be pivotally connected to respective side walls of the attachment body
aligned in the first direction (X). The higher stability is achieved inter alia since the above
disclosed arrangement of the pivot arms prevent undesired twisting during operation.

[0037] The container picking device may further comprise two mutually parallel first pivot arms
pivotally connected to a first side wall of the vehicle body aligned in the first direction (X).
Further, two mutually parallel second pivot arms may be pivotally connected to a second side
wall of the vehicle body aligned in the first direction (X). These configurations increase further
the stability of the lifting operation i.a. since the mutually parallel pivot arms ensures that the
lifting unit remains horizontal.

[0038] In one embodiment of the invention, each vehicle has a footprint, at least in one
direction, that is equal to, or less than, the horizontal extent of a grid cell of the underlying track
system. With this embodiment the vehicle may pass each other on neighboring cells on each
lateral / horizontal side of the vehicle body when the pivot arm(s) is/are in the transport position
resulting in a horizontal extent of the container picking device which do not go beyond the
horizontal extent of the vehicle body.

[0039] In an alternative embodiment of the invention, each vehicle has a footprint of the
vehicle that is equal to, or near equal to, the horizontal extension of a grid cell of the underlying
track system times an integer of two or more.

[0040] The wheel assembly may include any means capable of moving the vehicle in the
desired direction on the track system. However, in a preferred configuration the wheel
assembly comprises a first set of wheels for engaging with the first set of tracks to guide
movement of the vehicle in the first direction (X). For example, the first set of wheels may
comprise four wheels arranged at or near each corner of the vehicle body, all oriented with
their rotational axis in the horizontal plane (P), perpendicular to the first direction (X).

[0041] The vehicle body may be divided into a lower part onto which the wheel assembly is
rotatably mounted and an upper part located above the wheel assembly (18). In order to
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ensure free pivoting movements of the container picking device, it may further be
advantageous to design the upper part with a continuous or stepwise reduction in horizontal
extent, for example with an inclination inwards along the first direction (X) having an inclination
angle relative to the horizontal plane (P) that may be equal on both side of the vehicle body in
the first direction (X). If the wheel assembly comprises four wheels, each wheel may
advantageously be arranged at or near the corners of the lower part and further arranged so
that they do not interfere with the pivotal movement of the pivot arms / storage container. Note
that the term wheel assembly may comprise any means ensuring movements of the vehicle,
for example a set of belts, a set of wheels being passive, i.e. set in motion by external motors,
a set of wheels containing one or more hub motors, electronics related to the motors, etc. Any
reference to wheels may be replaced by belts of any kind.

[0042] The pivot point (PP) or pivot points (PP) may in an exemplary configuration be located
at the lower part of the vehicle body, in between two wheels of the first set of wheels.

[0043] The pivot arms may be configured with arcuate recesses partly encapsulating part of
the wheels and/or part of the wheel axle during pivoting in order to allow the pivot arm to be
wider. Such recesses would also allow for the pivot point to be lower down on the vehicle body
while still allowing a suitably long reach when pivoted. Further, the recesses could also act as a
brake on the wheel to ensure the vehicle to not to move as the container is lowered.

[0044] In another embodiment of the invention the attachment device comprises, in addition to
the attachment body pivotally connected to the pivot arm and the gripping device /
engagement device configured to releasably grip / engage at least one storage container, a
storage container lift mechanism connected to the attachment body. The storage container lift
mechanism may in this embodiment be configured to raise and lower the at least one storage
container from a position on or within a grid column to a position fully above the track system.
The gripping device may be arranged on the lower end of the storage container lift
mechanism.

[0045] In order to provide sufficient torque to the pivot arm or pivot arms, the vehicle body may
be equipped with one or more pivot arm motors, one or more arm shafts, and, if necessary
according to the specific configuration choice, gearing means to provide torque from the
shaft(s) to the pivot arms. The strength of the applied torque should at least enable lifting of a
single void storage container between the picking position and the transport position.

[0046] In yet another embodiment of the invention the wheel assembly comprises a first set of
wheels for engaging with the first set of tracks to guide movement of the vehicle in the first
direction (X) and a second set of wheels for engaging with the second set of tracks to guide
movement of the vehicle in the second direction (Y), wherein the first set of wheels and/or the
second set of wheels is vertically displaceable by displacement means arranged within the
vehicle body.

[0047] The invention also relates to a vehicle suitable for lifting and moving storage containers
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stacked in stacks within an automated storage and retrieval system in accordance with the
system described above. The vehicle is configured to move on the track system above the
storage columns and comprises a vehicle body and a wheel assembly rotatably connected to
the vehicle body in order to guide the vehicle along the track system in the first direction (X),
the second direction (Y) or both directions. The vehicle further comprises a container picking
device for releasably attaching to a storage container. The container picking device comprises
a pivot arm comprising a first end pivotally connected to the vehicle body at pivot point (PP)
and a second, distal end. The configuration of the container picking device is such that it is
movable in a pivoting motion of the pivot arm about the pivot point between a first, lifting
position enabling the container picking device to lift at least one storage container from a
position outside the horizontal extent of the vehicle body and a second, transport position
enabling the container picking device to hold the at least one storage container at least partly
inside the horizontal extent of the vehicle body.

[0048] The invention also relates to a method of operating an automated storage and retrieval
system, preferably a system as described above. The system comprises a three-dimensional
grid comprising a plurality of storage columns in which storage containers are stacked one on
top of another in vertical stacks, and a port zone which comprises at least one port, allowing
transfer of storage containers out of and/or into the grid. The system further comprises a
plurality of first vehicles which are operated laterally on the grid for retrieving one or more
storage containers from, and storing one or more storage containers in, the storage columns,
and for transporting the storage containers laterally across the grid. The method according to
the invention comprises the steps of:

e arranging, in the grid, a transfer zone comprising a plurality of transfer columns for
temporarily storing storage containers when in transit between the storage columns and
the at least one port;

» utilizing the first vehicles to transport the storage containers between the storage
columns and the transfer columns; and

e utilizing a plurality of second vehicles which are operated on the grid to transport the
storage containers between the transfer columns and the at least one port.

[0049] For use in the method, each of the plurality of second vehicles comprises a vehicle
body, a wheel assembly connected to the vehicle body and configured to guide the second
vehicle along the track system in the first direction (X) and/or the second direction (Y), a
container picking device for releasably attaching to a storage container within the transfer zone
comprising a pivot arm comprising a first end pivotally connected to the vehicle body at pivot
point (PP) and a second, distal end. The configuration of the container picking device is such
that it is movable in a pivoting motion of the pivot arm about the pivot point between a first,
lifting position enabling the container picking device to lift at least one storage container from a
position outside the horizontal extent of the vehicle body and a second, transport position
enabling the container picking device to hold the at least one storage container at least partly
inside the horizontal extent of the vehicle body.
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[0050] In the following, numerous specific details are introduced by way of example only to
provide a thorough understanding of embodiments of the claimed system, vehicle and method.
One skilled in the relevant art, however, will recognize that these embodiments can be
practiced without one or more of the specific details, or with other components, systems, etc. In
other instances, well-known structures or operations are not shown, or are not described in
detail, to avoid obscuring aspects of the disclosed embodiments.

Brief description of the drawings

[0051] Following drawings are appended to facilitate the understanding of the invention.
Fig. 1 is a perspective view of a grid of a prior art automated storage and retrieval system.
Fig. 2 is a perspective view of a prior art container handling vehicle.

Fig. 3 is a top view of a prior art single rail grid.

Fig. 4 is a top view of a prior art double rail grid.

Fig. 5 (a) and (b) is a side view and a top view of a vehicle according to one embodiment of the
invention.

Fig. 6 (a)-(c) are side views of a vehicle according to a second embodiment of the invention.
Fig. 7 (a)-(c) are side views of a vehicle according to a third embodiment of the invention.
Fig. 8 is a side view of a vehicle according to a fourth embodiment of the invention.

Fig. 9 is a side view of a vehicle according to a fifth embodiment of the invention.

Fig. 10 (a) and (b) are side views of the vehicle of fig. 6 illustrating schematically two different
means for attaching a storage container to the vehicle.

Fig. 11 is a perspective view of a lifting device capable of lifting a plurality of storage containers
in one lifting operation.

Fig. 12 is a top view of grid of an automated storage and retrieval system according to one
embodiment of the invention.

Fig. 13 is a top view of grid of an automated storage and retrieval system according to a
second embodiment of the invention.

Fig. 14 is a top view of grid of an automated storage and retrieval system according to a third
embodiment of the invention.
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[0052] In the drawings, like reference numerals have been used to indicate like parts,
elements or features unless otherwise explicitly stated or implicitly understood from the
context.

Detailed description of the invention

[0053] In the following, embodiments of the invention will be discussed in more detail with
reference to the appended drawings. It should be understood, however, that the drawings are
not intended to limit the invention to the subject-matter depicted in the drawings.

[0054] Particular embodiments of a storage structure of an automated storage and retrieval
system 1 are shown in Figs. 12, 13 and 14 in top views. The storage grid 104 of each storage
structure constitutes a framework 100 of in total 1800 grid columns 112, where the width and
length of the framework corresponds to the width and length of 36 and 50 grid columns 112,
respectively. The top layer of the framework 100 is a track system 108 onto which a plurality of
vehicles 3,101 are operated. Figs. 12 and 13 shows two types of vehicles 3,101, indicated by
black and light grey rectangles. The black rectangles symbolize exemplary positions of
container handling vehicles 101 intended to transport storage containers 106 to and from their
respective grid columns 112 within the framework 100 (white area), while light grey rectangles
symbolize exemplary positions of port access vehicles 3 (see figs. 5-10) intended to transport
the picked storage containers 106 between temporary storage positions within a transfer zone
35 of the framework 100 (dark grey area) and a port zone 26 containing one or more container
ports 19-21 (area framed by a dotted circle).

[0055] If not otherwise stated, the framework 100 of the automated storage and retrieval
system 1 is constructed in accordance with the prior art framework 100 described above in
connection with Figs. 1-4., i.e. a plurality of upright members 102 and a plurality of horizontal
members 103 which are supported by the upright members 103, and further that the horizontal
members 103 comprise the track system 108 of parallel tracks 110,111 in X direction and Y
direction arranged across the top of storage columns 105 / grid columns 112. The horizontal
area of a grid column 112, i.e. along the X and Y directions, may be defined by the distance
between adjacent rails 110 and 111, respectively (see also Fig. 3 and 4).

[0056] Consequently, the track system 108 allows the container handling vehicles 101 and the
port access vehicles 3 to move horizontally between different grid locations, where each grid
location is associated with a grid column 112. In the embodiments shown in Figs. 12 and 13
the movement of each port access vehicle 3 is restricted to the X direction only, while Fig. 14
shows an embodiment where the port access vehicles 3 are configured to move both in X
direction and in Y direction, hence having the same mobility on the track system 108 as the
container handling vehicle 101.

[0057] In Fig. 1 the grid 104 is shown with a height of eight cells. It is understood, however,
that the grid 104 in principle can be of any size. In particular it is understood that grid 104 can
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be considerably wider and/or longer than disclosed in Figs. 12-14. For example, the grid 104
may have a horizontal extension of more than 700x700 grid cells. Also, the grid 104 can be
considerably deeper than disclosed in Fig. 1. For example, the grid 104 may be more than
twelve grid cells deep.

[0058] The storage container vehicles 101 may be of any type known in the art, e.g. any one
of the automated container handling vehicles disclosed in W02014/090684 A1, in NO317366
or in WO2015/193278A1 (Fig. 2). In the embodiments shown in Figs. 12-14 storage container
vehicles 101 of the type disclosed in WO2015/193278A1 is assumed, i.e. storage container
vehicles 101 displaying a centrally located storage space for receiving and stowing a storage
container 106 and for transport horizontally across the grid 104, and a footprint, i.e. an
extension in the X and Y directions which is generally equal the horizontal extension of a grid
column 112. This particular configuration will allow a storage container vehicle 101 to transport
a storage container 106 above a row of grid columns 112 even if another storage container
vehicle occupies a location above a grid column neighboring the grid column row along which
the first storage container vehicle 101 is traveling.

[0059] In the embodiments disclosed in Figs. 12-14, the framework 100 comprise a storage
zone 25, two port zones 26 and two transfer or buffer zones 35. The size and number of both
transfer zones 35 and port zones 26 may vary according to need. While the size and position
of the port zones 26 normally are fixed, the size and position of the transfer zones 35 may be
dynamic and set by the software controlling the storage container vehicles 101 and/or the port
access vehicles 3. The grid constituting the transfer zone 35 is preferably constructed identical
to the grid constituting the storage zone 25. Alternative solutions may of course be envisaged
such as special grid cells within a transfer zone 35 being only one cell deep (Z=1) or a transfer
zone 35 where the storage containers 106 may be placed only on top (Z=0) of the track
system 108.

[0060] In the example shown in Fig. 12, the framework 100 comprises a storage zone 25
(white area), two port zones 26 (areas enclosed by dotted circles) and two transfer zones 35.
Each port zone 26, which is for example three grid cells wide in the X direction and two grid
cells long in the Y direction, as for the left port zone, or three grid cells wide in the X direction
and one grid cell long in the Y direction, as for the right port zone, comprises ports 19-21
where storage containers 106 can be transferred out of or into the framework 100. The left
transfer zone 35, linked to the left port zone 26, is three grid cells wide in the X direction and
41 grid cells long in the Y direction, while the right transfer zone 35, linked to the right port
zone 26, is three grid cells wide and 42 grid cells long. The storage zone 25, which makes up
the rest of the framework 100, comprises storage columns 105 in which storage containers
106 or bins can be stacked one on top of another to form stacks 107.

[0061] A second example of an automated storage and retrieval system 1 is shown in Fig. 13.
The system 1 is similar to the example shown in Fig. 12, but all columns constituting the ports
19-21 within the port zones 26 are situated fully outside the 36x50 framework 100. The left and
right transfer zones 35 are slightly longer, 43 grid cells 36 for both.
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[0062] For the systems 1 shown in both Fig. 12 and Fig. 13, the vehicles 3 dedicated for
transporting storage containers 106 between the transfer zone(s) 35 and the port zone(s) 26
includes a drive system 18 comprising wheels 18a enabling movements of the vehicles in the X
direction only.

[0063] An example of such an one way vehicle 3 is illustrated in Fig. 5, where Fig. 5(a) is a
side view of the vehicle 3 and Fig. 5(b) is a cross section view of the vehicle 3 through the
horizontal plane marked A-A, respectively. As is apparent from Fig. 5(a) the vehicle 3
comprises two pivot arms 5'.5" having length L, where one longitudinal end 5a of each pivot
arm 5',5" is pivotally attached to each side of a vehicle body 30 of the vehicle 3 at pivot points
PP, thereby allowing the arms 5'5" to pivot around the pivot points (double arrow) 7 in a
vertical plane along the X direction. The length L is herein defined as the length of a pivot arm
5'.5" from its pivot point PP on the vehicle body 30 to the termination point at the other
longitudinal end 5b. The pendulum movements 7 may be activated and maintained by use of a
pivot arm motor 5¢ providing the necessary pivoting torque, either directly onto the arms 5',5"
or via a pivot arm shaft 5d connected at the pivot points PP of the two pivot arms 5',5". It is
understood however that any means for creating a torque on the arms 5,5' at their pivot points
PP, and/or any force directed perpendicular to the longitudinal direction of the arms 5,5', may
be used to ensure the pendulum movements 7.

[0064] Even though two pivot arms 5',5" are illustrated in Fig. 5, it should be understood that
the vehicle 3 can be equipped with only one pivot arm 5' pivotally attached in any location of
the vehicle body 30, for example in the gravitational center point of the vehicle body 30.

[0065] The other, distal end 5b of each pivot arm 5',5" is equipped with means for picking up
storage containers 106. The releasable coupling with the storage containers 106 may be
achieved using the pivot arms 5',5" only, e.g. by exerting pressure onto the side of the storage
container 106 and/or providing the distal ends 5b with one or more gripping devices 13 (clips,
hoods, etc). However, in a preferred embodiment, and as illustrated in Fig. 5(a), the distal ends
5b are pivotally attached to a lifting unit 6, in Fig. 5a depicted in the form of a cuboid having
said gripping device(s) 13 arranged beneath, i.e. on the side of the lifting device 6 facing the
underlying framework 100.

[0066] The port access vehicle 3 in Fig. 5 is illustrated with one set of wheels 18a directed in X
direction only. Hence, the vehicle 3 may in this particular example move only in one direction
on the framework 100. As will be further explained later with reference to Figs. 8 and 9, the
vehicle 3 may alternatively, or in addition, be equipped with a second set of wheels 18b
directed in the Y direction.

[0067] A possible modification of the example shown in Fig. 5 is to replace the pivot arms 5',5"
of fixed length L with telescopic pivot arms (not shown), i.e. pivot arms which length may vary
between a minimum length L, and a maximum length L5 One advantage of such a

telescopic solution is that storage containers 106 situated further away from the vehicle body
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30 may be picked up by the vehicle 3. Furthermore, a telescopic solution represents one
example of a solution which renders picking of storage containers 106 in both X direction and Y
direction possible. For example, the vehicle 3 may be equipped with a second pair of pivot
arms pivotally attached to the vehicle body 30 and directed in the Y direction. In order to allow
one or more storage containers picked up by the second pair of pivot arms to be arranged in a
transport position, i.e. at least partly above the vehicle body 30, the first pair of pivot arms 5',5"
can be fully retracted, thereby avoiding any interference with the second pair of pivot arms.

[0068] If a lifting unit 6 is present, the fully retracted position of the pivot arms 5',5"could be in
a position where the lower face of the lifting device 6 abuts, or almost abuts, the upper face of
the vehicle body 30. In this configuration, the second pair of pivot arms should be long enough
to allow arrangement of the at least one storage container at least partly above the lifting unit
6.

[0069] To ensure maximum pivotal movements of the pivot arms 5'5" the horizontal
arrangement of the wheels constituting the wheel assembly 18 and the horizontal arrangement
of the pivot arms 5',5" may be such that the pivot arms 5,5" are movable between each wheel
and the vehicle body 30, as illustrated in Fig. 5(b). This particular arrangement, which
represent an addition or an alternative to the configuration with recesses mentioned above,
also ensures better stability of the pivoting operation due to the guiding effect from both the
vehicle body 30 and the wheels. Fig. 6(a)-(c) shows a port access vehicle 3 according to a
second embodiment of the invention, where two mutually parallel pivot arms 5',5" are pivotally
attached to each side walls of the vehicle body 30 directed in the X direction, thereby achieving
higher stability during storage container handling. Fig. 6(a) and Fig. 6(c) show the port access
vehicle 3 in a picking position, that is, the position where the pivot arms 5',5" have an angle
relative to the horizontal plane (P) causing the picked storage container 106 to be located fully
outside the horizontal extent of the vehicle body 3. Fig. 6(b) shows the port access vehicle 3 in
a transport position, that is, the position where the pivot arms 5',5" have an angle relative to
the horizontal plane (P) causing the picked storage container 106 to be located at least partly
within the horizontal extent of the vehicle body 3.

[0070] In addition to the two mutually, parallel pivot arms 5',5", the design of the vehicle body
30 of the second embodiment vehicle 3 is different from the cuboid form for the first
embodiment vehicle 3 shown in Fig. 5. The vehicle body 30 of the second embodiment vehicle
3 may be divided into a lower part 30a and an upper part 30b, where the lower part 30a has a
cuboid shape as for the entire vehicle body 30 in Fig. 5 and the upper part 30b has a wedged
rectangular shape where the planes in at least the Y direction are upwardly inclined towards
the center of the vehicle body 30. The upper part may for example provide additional space for
vehicle components such as motors. The inclination may be of any form such as linear or
curved. A domed profile may also be envisaged. For all embodiments, the maximum height of
the vehicle body 30 may be 40 % of the horizontal length of the underlying storage cell in the X
direction or in the Y direction.

[0071] As for the first embodiment vehicle 3, the pivot arms 5',5" may have a fixed length L or
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be telescopic.

[0072] Fig. 7 (a)-(c) shows a third embodiment vehicle 3 configured to allow picking of a
plurality of storage containers 106 in the same operation. In the third embodiment this is
achieved by attaching the distal ends 5b of the pivot arms 5',5" to a multiple container lifting
unit 6. Fig. 7 shows an example where the lifting unit 6 is configured to lift two neighboring
storage containers 106 in the X direction. However, the multiple container lifting unit 6 may be
configured to handle any set of storage containers, for example 3x1 storage containers, 3x2
storage containers, 2x2 storage containers or 3x3 storage container. One could also envisage
a reconfigurable lifting unit such as a telescopic and/or foldable lifting unit capable of for
example change the capacity between a single storage container lifting unit and a 2x1 storage
container lifting unit. Further, the container picking device 4 may may comprise two pivoting
picking device parts, each having a lifting unit 6. In such configuration one set of pivot arms
constituting part of the first picking device part pivots one container and the other set of pivot
arms constituting part of the second picking device part pivots another container. With two
pivoting picking device parts the first may pivot forward and the other may pivot backwards,
thereby balancing the weights during operation of containers. In order to ensure that the pivot
arms move in an equal but opposite direction, it may be advantageous to install a coq system
at one or more pivot points. Such a cog system may be installed for all embodiments.

[0073] Apart from the lifting unit 6, the third embodiment vehicle 3 shown in Fig. 7 is identical
to the second embodiment vehicle 3 shown in Fig. 6. And as in Fig. 6, Fig. 7(a) and 7(c) shows
the vehicle 3 in a picking position, while Fig. 7(b) shows the vehicle 3 in a transport position.

[0074] The third embodiment vehicle 3 is configured to move on the track system 108 in the X
direction only. However, as will be described with reference to Fig. 9, the third embodiment
vehicle 3 may be configured to move on the track system 108 in the X direction or the Y
direction.

[0075] Figs. 8 and 9 show the above-mentioned configurations of the vehicle 3, but where a
second set of wheels 18b for moving the vehicle 3 in the Y direction is added to the wheel
assembly 18. In order to enable change of direction between X direction and Y direction one or
both of the sets of wheels 18a,18b should be made vertically displaceable, for example by
arranging vertical displacement means within or onto the vehicle body 30. The alternative of
adding wheels to enable movement in the Y direction in addition to the wheels for movement in
the X direction, may be implemented for all embodiments shown in Figs. 5-7.

[0076] At least one of the wheels in each set 18a, 18b is motorized in order to propel the
vehicle 3 along the track system 108. Advantageously, At least one wheel of each or both sets
may comprise a hub motor i.e. an electric motor that is coupled to, or incorporated into, the
hub of a wheel and drives the wheel directly. An example of a vehicle with such a motor is
disclosed in WO2016/120075A1, the contents of which are incorporated herein by reference.

[0077] The storage containers 106 may be picked and lowered by the vehicle 3 in various
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ways of which two exemplary configurations are shown in Fig. 10.

[0078] In Fig. 10 (a) the gripping device / engagement device 13 for gripping / engaging a
storage container 106 is shown in form of clips arranged in or near each of the four corners on
the horizontal plane of the lifting unit 6 facing the underlying framework 100. The pivot arms
5',5" pivots until the gripping device 13 is within reach of a dedicated gripping device structure
on or within the storage container 106. The gripping device 13 then grips the storage container
106, and the pivot arms 5',5" pivot back until the vehicle 3 is in a transport position, for
example with the pivot arms 5',5" directed perpendicular to the horizontal plane (P).

[0079] In Fig. 10 (b) the gripping device 13 for gripping a storage container 106 is shown in
form of clips arranged under a lifting plate 22 suspended at the lifting unit 6 by a storage
container lift mechanism 16. The lift mechanism 16 may for example be identical to the vehicle
lifting device disclosed in WO 2015/193278 A1, the contents of which are incorporated herein
by reference, thereby allowing the vehicle 3 to lift / lower storage containers 106 from/to stacks
107 below the track system 108. A lifting motor 40 (Fig. 5) for lowering and raising the lifting
plate 22 may be arranged within the lifting unit 6 or within the vehicle body 30, thereby
enabling control of the position of the lifting plate 22 with respect to the lifting unit 6 in the third
direction Z.

[0080] For handling a plurality of storage containers 106, as disclosed above with reference to
Fig. 7, the gripping device 13 may comprise a number clips that corresponds to the total
number of upper horizontal corner of the storage containers 106 to be picked by the vehicle 3
in the same picking operation. Fig. 11 shows an example of 4x4 clips allowing up to four
storage containers 106 to be picked in the same operation. Each, some or all the clips in each
lifting unit 6 may be remotely operated by a control system. In Fig. 11 the gripping device 13 is
shown arranged on a lifting plate 22. However, the same or a similar gripping device 13
solution with four times the number of storage containers 106 to be picked may be arranged
on the lifting unit 6 as depicted in Fig. 10(a). Each corner of the lower face of the lifting plate
22, or each corner of the lower plane of the lifting unit 6, is preferably arranged with one or
more steering pins 17 to ensure adequate guiding of the gripping device 13 into the gripping
device receiving structure.

[0081] Fig. 14 shows a third example of an automated storage and retrieval system 1. As for
the system 1 in Fig. 12, the port columns 19,20 are situated fully within the 36x50 framework
100. The left transfer zone 35 is in this example of size 7x6 storage cells 122 and the port
access vehicles 3 for transporting storage containers 106 between the transfer zone 35 and
the port zone 26 are (as indicated with double arrows in X and Y directions) configured with
wheel assembly / drive system 18 comprising a first set of wheels 18a enabling movements in
the X direction and a second set of wheels 18b enabling movements in the Y direction. Even if
the port access vehicle 3 are illustrated as single cell vehicles capable of lifting a single storage
container 106, it is to be understood that the port access vehicle 3 with drive system 18 for
movements in both X and Y directions can be of any size capable of lifting any number of
storage containers.
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[0082] The right transfer zone 35 shows an example of a 3x40 storage cells operated by a
single port access vehicle 3 covering 3x2 storage cells and capable of picking 3x2 storage
containers 106 in one picking operation.

[0083] Again, with reference to Figs. 12-14, when a storage container 106 stored in the
storage grid 104 is to be accessed, one of the storage container vehicles 101 is instructed to
retrieve the target storage container 106 from its position in the storage grid 104 and to
transport the target storage container 104 to an access station 32 where it can be access from
outside of the storage grid 104 or transferred out of the storage grid 104. This operation
involves moving the storage container vehicle 101 to the grid cell 122 above the storage
column 105 in which the target storage container 106 is positioned and retrieving the storage
container 106 from the storage column 105 using the storage container vehicle's 101 lifting
device (not shown). This step involves using the lifting device to lift the storage container 106
from the storage column 105 through the grid opening 115 of the grid cell 122 and into the
storage space of the vehicle 101.

[0084] If the target storage container 106 is located deep within a stack 107, i.e. with one or a
plurality of other storage containers positioned above the target storage container 106, the
operation also involves temporarily moving the above-positioned storage containers prior to
lifting the target storage container 106 from the storage column 105. This step may be
performed with the same storage container vehicle 101 that is subsequently used for
transporting the target storage container 101 to the access station 32, or with one or a plurality
of other cooperating storage container vehicles 101. Alternatively, or in addition, the automated
storage and retrieval system 1 may have vehicles specifically dedicated to the task of
temporarily removing storage containers from a storage column 105. Once the target storage
container 106 has been removed from the storage column 105, the temporarily removed
storage containers can be repositioned into the original storage column 105. However, the
removed storage containers may alternatively be relocated to other storage columns.

[0085] Once the target storage container 106 has been brought into the storage space of the
storage container vehicle 101, the vehicle 101 transports the storage container 106 to the
transfer zone 35 where it is unloaded into or on one of the storage columns 105. Each transfer
zone 35 comprises transfer columns with length and width marked 36 and 37 in Figs. 12-14,
respectively, and is arranged to temporarily hold storage containers 106 when in transit
between the storage zone 25 and the port zones 26. Since the number of storage columns 105
within a transfer zone 35 is larger than the number of available port columns 19-21, the
likelihood of a container handling vehicle 101 not finding a vacant storage cell to deliver a
storage container is low.

[0086] The port access vehicles 3 are operated on the track system 108 and have in the
examples shown in Figs. 12-14 a purpose to transfer storage containers 106 between the
transfer zone 35 and the port zones 26. While the port access vehicles 3 are performing drop-
off and pick up between the transfer zones 35 and the port zones 26, the storage container
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vehicles 101 may continue to transport storage containers 106 between the storage zone 25
and the transfer zones 35.

[0087] When the port access vehicle 3 has brought the target storage container 106 in the port
zone 26, the picking device 4 of the vehicle 3 moves the container 106 above one of the port
columns 19-21, for example a dedicated exit port column 19. The container 106 is then
lowered into the chosen port column 19-21 and positioned on a conveyor or container lift (not
shown) which transports the container 106 to the access station 32.

[0088] Once accessed at the access station 32, the target storage container 106 is transferred
back into the grid 104 to once again be stored in the storage column 105 in the storage zone
25.

[0089] In the transfer zone 35 the storage containers 106 are advantageously stored on top of
the track system 108 and/or in the uppermost layer of the grid 104, i.e. in the layer identified as
Z=0 and Z=1, respectively. This will minimize the depth the picking device 4 of the port access
vehicle 3 need to reach when dropping of and picking up storage containers 106 from the
transfer zone 35, thereby allowing for rapid turnaround of the storage containers temporarily
stored therein.

[0090] In order to allow the storage containers 106 to be temporarily stored onto the track
system 108 (Z=0) and/or in the uppermost layer (Z=1) in the transfer zone 35, each storage
columns within the transfer zone 35 may comprise stopping devices (not shown), e.g. clamps
attached to the upright members 102 surrounding each transfer zone column, thereby
preventing the storage container 106 from being lowered into the transfer zone column 36,37
beyond level Z=0 or Z=1. Of course, the clamps can be attached to the upright members
deeper down the transfer zone columns, thus allowing the storage containers 106 to be
temporarily stored at deeper levels. The desired depth of the storage containers 106 may also
be achieved by filling the transfer zone columns with other, preferably void, storage containers.
The storage container 106 to be stored is then placed on top of this stack.

[0091] The examples above have been describing systems using two types of vehicles 101,3,
one storage container vehicle 101 for transporting storage containers 106 between a storage
zone 25 and a transfer zone 35 and one port access vehicle 3 for transporting storage
containers 106 between the transfer zone 35 and a port zone 26. However, the pivot arm
equipped port access vehicles 3 could also be used as regular storage container vehicles, in
particular if the vehicle 3 includes two set of wheels 18a,18b enabling movement in both X
direction and Y direction, and more in particular if this two directional vehicle is configured such
that storage containers 106 may be picked up from at least two perpendicular, lateral sides of
the vehicle, for example all four lateral sides.

[0092] For monitoring and controlling the automated storage and retrieval system 1 so that a
desired storage container 106 can be delivered to the desired location at the desired time
without the vehicles 10,3 colliding with each other, the automated storage and retrieval system
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1 comprises a control system (not shown), which typically is computerized and comprises a
database for monitoring and controlling e.g. the location of the respective storage containers
106 within the storage grid 104, the content of each storage container 106 and the movement
of the vehicles 101,3.

[0093] The vehicles 101,3 typically communicates with the control system via wireless
communication means, e.g. via a WLAN operating under an IEEE 802.11 (WiFi) standard
and/or via a mobile telecommunication technology such as 4G or higher.

[0094] Each vehicle 101,3 comprises a battery (not shown) which provides power to onboard
equipment, including motorized wheels, lifting motor and onboard control and communications
systems.

[0095] In the preceding description, various aspects of an automated storage and retrieval
system, a vehicle and a method according to the invention have been described with reference
to the illustrative embodiment. However, this description is not intended to be construed in a
limiting sense. Various modifications and variations of the illustrative embodiment, as well as
other embodiments of the system, the vehicle and the method which are apparent to persons
skilled in the art, are deemed to lie within the scope of the present invention as defined by the
following claims.

Reference numerals:

[0096]

1
Storage and retrieval system

3
Vehicle / port access vehicle / second vehicle
4
Container picking device
5
Longitudinal pivot arm
5
First longitudinal pivot arm
5
Second longitudinal pivot arm
5a
First end of the longitudinal pivot arm 5
5b
Second, distal end of the longitudinal pivot arm 5
5c

Pivot arm motor



5d

13

16

17

18

18a

18b

19

20

21

22

25

26

30

32

35

36

37

38

40

100

Pivot arm shaft

Attachment device / lifting unit

Gripping device / engaging device / clips

Storage container lift mechanism

Steering pins / guiding pins

Wheel assembly of port access vehicle 3 / drive system

First set of wheels, first direction

Second set of wheels, second direction

First port column / first port

Second port column / second port

Third port column / third port

Lifting plate

Grid storage zone

Port zone

Vehicle body of port access vehicle 3

Access station

Transfer zone

Left transfer zone columns

Mid transfer zone columns

Right transfer zone columns

Lifting motor for lowering / raising of lifting plate 22

Framework structure
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101

Storage container vehicle / first vehicle
101a

Vehicle body of the storage container vehicle 101
101b

Drive means in first direction (X)
101c

Drive means in second direction (Y)
102

Upright members of framework structure
103

Horizontal members of framework structure
104

Storage grid / three dimensional grid
105

Storage column
106

Storage container
106

Particular position of storage container
107

Stack
108

Rail system / track system
110

Parallel tracks in first direction (X)
110a

First track of neighboring tracks 110
110b

Second track of neighboring tracks 110
111

Parallel tracks in second direction (Y)
111a

First track of neighboring tracks 111
111b

Second track of neighboring tracks 111
112

Grid column
115

Grid opening
122

Footprint / grid cell / storage cell
X

First direction
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Y

Second direction
P

Horizontal plane
PP

Pivot point
RA

Rotational axis of pivot arm
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PATENTKRAYV
1. Automatiseret opbevarings- og hentningssystem (1) omfattende:

- et sporsystem (108) omfattende et forste st af parallelle spor (110), der er anbragt i et
horisontalt plan (P) og streekker sig i en forste retning (X), og et andet sat af parallelle spor (111),
der er anbragt 1 det horisontale plan (P) og straekker sig i en anden retning (Y), der er vinkelret
pa den forste retning (X), hvilke forste og andet sporset (110, 111) kan danne et gitter i det
horisontale plan (P) omfattende en flerhed af tilstedende gitterceller (122), der hver omfatter en
gitterabning (115) defineret af et par af nabospor (110a, 110b) fra det forste sporsat (110) og et
par nabospor (111a, 111b) fra det andet sporsat (111);

- en flerhed af stabler (107) af opbevaringsbeholdere (106), der er anbragt i
opbevaringssgjler (105) placeret under sporsystemet (108), hvor hver opbevaringssejle (105) er
placeret vertikalt under en gitterabning (115);

- et koreto] (3) til at lofte og bevage opbevaringsbeholdere (106) stablet i stablerne (107),

hvor hvert keretgj (3) er udformet til at bevage sig pa sporsystemet (108) over
opbevaringssgjlerne (106),

hvor hvert keretgj (3) omfatter et keretejskarrosseri (30) og

en hjulenhed (18), der er forbundet med keretejskarrosseriet (30), hvilken hjulenhed (18)
er udformet til at fore keretgjet (3) langs sporsystemet (108) i mindst én af den forste retning (X)
og den anden retning (Y),

hvor keretgjet (3) endvidere omfatter en beholderopsamlingsanordning (4) til aftagelig
fastgerelse til en opbevaringsbeholder (106)

kendetegnet ved, at opsamlingsanordningen omfatter en drejearm (5), der omfatter en
forste ende (5a), der er drejbart forbundet med keretojskarrosseriet (30) ved et drejepunkt (PP),

hvor beholderopsamlingsanordningen (4), ved hjelp af en drejebevagelse af drejearmen
(5) omkring drejepunktet (PP), kan beveeges mellem:

- en forste lofteposition, der gor det muligt for beholderopsamlingsanordningen (4) at
lofte mindst én opbevaringsbeholder (106) fra en position ud over den horisontale udstrekning
af koretejskarrosseriet (30); og

- en anden transportposition, der gor det muligt for beholderopsamlingsanordningen (4)
at holde den mindst ene opbevaringsbeholder (106) mindst delvist inden for den horisontale

udstrekning af keretojskarrosseriet (30).

2. System (1) ifelge krav 1, kendetegnet ved, at beholderopsamlingsanordningen (4) er

saledes udformet, at drejearmens (5) drejebevagelse begraenses til et vertikalt plan orienteret i
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den forste retning (X).

3. System (1) ifelge krav 1 eller 2, kendetegnet ved, at beholderopsamlingsanordningen (4)
endvidere omfatter

en fastgerelsesanordning (6), der er drejbart forbundet med drejearmen (5), hvilken
fastgarelsesanordning (6) er udformet til at muliggere aftagelig fastgorelse til den mindst ene

opbevaringsbeholder (106).

4. System (1) ifelge krav 3, kendetegnet ved, at fastgerelsesanordningen (6) har en
horisontal maksimumudstrekning, der dekker mindst den horisontale udstrekning af en

opbevaringsbeholder (106), der skal opsamles.

5. System (1) ifelge krav 3, kendetegnet ved, at fastgerelsesanordningen (6) endvidere
omfatter

et fastgerelseslegeme (6), der er drejbart forbundet med drejearmen (5), hvor
fastgorelseslegemet (6) har en horisontal maksimumudstrekning, der dakker mindst den
horisontale udstrekning af en ferste opbevaringsbeholder (106) og en anden
opbevaringsbeholder (106), nar ferste og anden opbevaringsbeholdere er anbragt stadende op til
hinanden 1 den forste retning (X) eller den anden retning (Y), og

en gribeanordning (13) til aftageligt at gribe fat i mindst ferste og anden
opbevaringsbeholdere (106).

6. System (1) ifelge et hvilket som helst af de foregaende krav, kendetegnet ved, at
beholderopsamlingsanordningen (4) omfatter

en forste drejearm (5'), der er drejbart forbundet med en forste side af keretojskarrosseriet
(30) flugtende i den ferste retning (X) og

en anden drejearm (5"), der er drejbart forbundet med en anden side af

keretojskarrosseriet (30) flugtende 1 den forste retning (X).

7. System (1) ifelge et hvilket som helst af de foregaende krav, kendetegnet ved, at
beholderopsamlingsanordningen (4) omfatter

to gensidigt parallelle forste drejearme (5'), der er drejbart forbundet med en forste
sidevaeg af keretojskarrosseriet (30) flugtende i den ferste retning (X), og

to gensidigt parallelle anden drejearme (5"), der er drejbart forbundet med en anden
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sidevaeg af keretojskarrosseriet (30) flugtende i den ferste retning (X).

8. System (1) ifelge et hvilket som helst af de foregaende krav, kendetegnet ved, at et
fodaftryk for keretgjet (3), der er defineret som en udstreekning af keretgjet 1 den forste retning
(X) og den anden retning (Y) er lig med, eller mindre end, den horisontale udstraekning af en

gittercelle (122) af det underliggende sporsystem (108).

9. System (1) ifelge kravene 1-7, kendetegnet ved, at et fodaftryk for keretgjet (3), der er
defineret som en udstrekning af keretejet 1 den ferste retning (X) og den anden retning (Y), er
lig med, eller nesten lig med, den horisontale udstrekning af en gittercelle (122) af det

underliggende sporsystem (108) gange et heltal pa to eller mere.

10. System (1) ifelge et hvilket som helst af de foregaende krav, kendetegnet ved, at
hjulenheden (18) omfatter et forste hjulszt eller forste remszat (18a) til indgreb med det forste
sporsat (110) til at fore koretojets (3) bevagelse 1 den forste retning (X).

11. System (1) ifelge et hvilket som helst af de foregaende krav, kendetegnet ved, at
beholderopsamlingsanordningen (4) endvidere omfatter

en fastgerelsesanordning (6), der er udformet til at muliggere aftagelig fastgorelse til
mindst én opbevaringsbeholder (106), hvilken fastgerelsesanordning (6) omfatter

et fastgorelseslegeme (6), der er drejbart forbundet med drejearmen (5),

en opbevaringsbeholderlgftemekanisme (16), der er forbundet med fastgerelseslegemet
(4), hvilken opbevaringsbeholderloftemekanisme (16) er udformet til at haeve og senke den
mindst ene opbevaringsbeholder (106) fra en position pa eller inde i en gittesgjle (112) til en
position helt over sporsystemet (108) og

en gribeanordning (13), der er anbragt pa den nedre ende af
opbevaringsbeholderloftemekanismen (16), hvilken gribeanordning (13) er udformet til

aftageligt at gribe fat i den mindst ene opbevaringsbeholder (106).

12. System (1) ifelge et hvilket som helst af de foregaende krav, kendetegnet ved, at
hjulenheden (18) omfatter et forste hjulsat (18a) til indgreb med det forste sporsat (110) til at
fore koretojets (3) bevaegelse i den forste retning (X) og et andet hjulsat (18b) til indgreb med
det andet sporsat (111) til at fere guide keretojets (3) bevagelse i den anden retning (Y), hvor
mindst ét af det forste hjulsat (18a) og det andet hjulsat (18b) kan forskydes vertikalt ved hjzlp
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af forskydningsmidler anbragt inde 1 keretejskarrosseriet (30).

13.  Koretgj (3) til at lofte og bevaege opbevaringsbeholdere (106), der er stablet 1 stabler
(107) inde 1 et automatiseret opbevarings- og hentningssystem (1) ifolge et hvilket som helst af
kravene 1-12, hvor keretgjet (3) er udformet til at bevage sig pa sporsystemet (108) over
opbevaringssgjlerne (105) og omfatter

et koretgjskarrosseri (30) og

en hjulenhed (18), der er drejbart forbundet med keretojskarrosseriet (30), hvilken
hjulenhed (18) er udformet til at fore keretgjet (3) langs sporsystemet (108) i mindst én af den
forste retning (X) og den anden retning (Y),

hvor keretgjerne (3) omfatter en beholderopsamlingsanordning (4) til aftagelig
fastgerelse til en opbevaringsbeholder (106)

kendetegnet ved, at opsamlingsanordningen (4) omfatter:

en beholderopsamlingsanordning (4) til aftagelig fastgerelse til en opbevaringsbeholder
(106) omfattende en drejearm (5), der omfatter en forste ende (5a), der er drejbart forbundet med
keretojskarrosseriet (30) ved drejepunkt (PP),

hvor beholderopsamlingsanordningen (4), ved hjelp af en drejebevagelse af drejearmen
(5) omkring drejepunktet (PP), kan beveeges mellem:

- en forste lofteposition, der gor det muligt for beholderopsamlingsanordningen (4) at
lofte mindst én opbevaringsbeholder (106) fra en position uden for den horisontale udstraekning
af koretejskarrosseriet (30); og

- en anden transportposition, der gor det muligt for beholderopsamlingsanordningen (4)
at holde den mindst ene opbevaringsbeholder (106) mindst delvist inden for den horisontale

udstrekning af keretojskarrosseriet (30).

14.  Fremgangsmade til anvendelse af et automatiseret opbevarings- og hentningssystem (1)
omfattende:

- et tredimensionalt gitter (104) omfattende en flerhed af opbevaringssejler (105), hvori
opbevaringsbeholdere (106) er stablet oven pa hinanden i vertikale stabler (107), og en portzone
(26), der omfatter mindst €n port (19-21), som muligger overforsel af opbevaringsbeholdere
(106) ud af og/eller ind 1 gitteret (104);

- en flerhed af forste karetejer (101), der fungerer lateralt pa gitteret (104) til hentning af
én eller flere opbevaringsbeholdere (106) fra, og opbevaring af ¢én eller flere

opbevaringsbeholdere (106) 1, opbevaringssgjlerne (105), og til transport af

2
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opbevaringsbeholderne (106) pa tvers af gitteret (104);

hvilken fremgangsmade omfatter felgende trin:

- anbringelse, i1 gitteret (104), af en overferingszone (35) omfattende en flerhed af
overferingssejler (36, 37) til midlertidig opbevaring af opbevaringsbeholdere (106), nar de er i
transit mellem opbevaringssejlerne (105) og den mindst ene port (19-21);

- anvendelse af de forste keretegjer (101) til transport af opbevaringsbeholderne (106)
mellem opbevaringssgjlerne (105) og overforingssejlerne (36, 37); og

- anvendelse af en flerhed af anden keretejer (3), der fungerer pa gitteret (104) til
transport af opbevaringsbeholderne (106) mellem overforingssejlerne (36, 37) og den mindst ene
port (19-21), hvor hvert af flerheden af anden keretejer (3) omfatter:

et koretojskarrosseri (30),

en hjulenhed (18), der er forbundet med keretejskarrosseriet (30), hvilken hjulenhed (18)
er udformet til at fore det andet keoretej (3) langs sporsystemet (108) i mindst én af den forste
retning (X) og den anden retning (Y),

en beholderopsamlingsanordning (4) til aftagelig fastgerelse til en opbevaringsbeholder
(106) inde 1 overferingszonen (35) omfattende en drejearm (5), der omfatter en forste ende (5a),
der er drejbart forbundet med keretojskarrosseriet (30) ved drejepunkt (PP), hvor
beholderopsamlingsanordningen (4), ved hjaelp af en drejebevagelse af drejearmen (5) omkring
drejepunktet (PP), kan bevages mellem:

- en forste lofteposition, der gor det muligt for beholderopsamlingsanordningen (4) at
lofte mindst én forste opbevaringsbeholder (106) fra en position uden for den horisontale
udstrekning af keretejskarrosseriet (30); og

- en anden transportposition, der gor det muligt for beholderopsamlingsanordningen (4)
at holde den mindst ene opbevaringsbeholder (106) mindst delvist inden for den horisontale

udstrekning af keretojskarrosseriet (30).

15.  Fremgangsmade ifelge krav 14, hvor det automatiserede opbevarings- og

hentningssystem (1) er i overensstemmelse med et hvilket som helst af kravene 1-12.
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