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MULTI-LEVEL CONTAINER STORAGE SYSTEM AND HIGH-BAY
CONTAINER STORAGE

FIELD OF THE INVENTION

The present invention relates in general to container storages. In particular, however not
exclusively, the present invention concerns multi-level container storage systems and

high-bay container storages or warehouses comprising such storage systems.
BACKGROUND

It is known to stack containers on top of each other, for example, in container terminals
and container ships. In this case, retrieving one of the containers which is not the topmost
container is difficult since the container on top must first be moved away. Furthermore,
if a container from the stack surrounded by other stacks is to be retrieved, it can become
complicated. It is furthermore known to utilize container storage in which containers can
be stored in multiple levels, such as in plurality of shelves arranged in several level in
the vertical direction. In known attempts, the retrieving of the containers by the crane of

the system is slow.
SUMMARY

An objective of the present invention is to provide a multi-level container storage system
and a high-bay container storage. Another objective of the present invention is that the
multi-level container storage system and the high-bay container storage provide space-

efficient storing of containers with fast and accurate storing and retrieving capabilities.

The objectives of the invention are reached by a multi-level container storage system

and a high-bay container storage as defined by the respective independent claims.

According to a first aspect, a multi-level container storage system is provided. The multi-
level container storage system comprises a storage module comprising racks in a vertical
direction and a first horizontal direction for storing containers, wherein each one of the
racks comprises a support for supporting at least one container and at least two first
tracks arranged in a first distance from each other in the vertical direction and extending
in a second horizontal direction, the second horizontal direction being perpendicular rel-
ative to the first horizontal direction, and at least one of the racks is adapted for receiving

a plurality of containers stackable on top of each other.
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The multi-level container storage system further comprises a container handling appa-
ratus capable of moving at least one container in the vertical, first horizontal, and second

horizontal directions.

The container handling apparatus comprises a stacker crane comprises a carrier support
for a carrier device of the container handling apparatus and is arranged to be moved in
the first horizontal direction and capable of moving the carrier support in the vertical
direction, and the carrier device comprising a handling mechanism for gripping, lifting,
lowering, and releasing at least one container, wherein the carrier device is arrange to be
moved out of and into the stacker crane, and into and out of the storage module, respec-
tively, along one of the tracks of a rack for storing and retrieving at least one container
to or from the storage module, wherein the handling mechanism is arranged to move at
least one container at most the first distance, or optionally at most a half of the first
distance, in the vertical direction when lowering and/or lifting the container. In some
embodiments, the handling mechanism may be arranged to move at least one container
at most a distance in the range of 100-300 millimeters, preferably in the range of 100-

200 millimeters.

In some embodiments, the maximum range of motion of the container in the vertical
direction provided by the handling mechanism may be less than 50 percent of the first

distance, or even less than 20 or 15 percent of the first distance.

Alternatively or in addition, the dimension of the carrier device in the vertical direction
may be in the range of 100-300 millimeters. Thus, the first distance, preferably, be about
a height of a container to be stored plus said dimension of the carrier device and, option-

ally, about the maximum range of motion of the container in the vertical direction.

The racks may be dimensioned, for example, for storing one or more containers having

a length of about 6.1 meters, about 12.2 meters, about 14.6 meters, or about 16.2 meters.

Furthermore, at least one of the racks may be arranged to store consecutively at least

two containers in the second horizontal direction.

In addition, the multi-level container storage system may comprise a further storage
module arranged on opposite side of the stacker crane in the second horizontal direction.
In various embodiments, the carrier device may be further arranged to be moved out of
and into the stacker crane, and into and out of the further storage module, respectively,

along one of the first tracks of a rack of the further storage module.
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In preferable embodiments, the carrier device may be arranged to move at least one
container into and out of the storage module in a longitudinal direction of the at least

one container.

In various preferable embodiments, the handling mechanism may be rigid, such as
ropeless. Therefore, in many embodiments, the carrier device is not a crane which uti-
lizes a hoist rope, wire ropes, and/or chains, or the like, for lowering and lifting the
container. Thus, in various embodiments, the lowering and lifting of the container is
accurate and fast because the container does not move or can move only insignificant
amount, such as few millimeters up to one or two centimeters in other directions when

being lowered or lifted.

In various embodiments, the first distance may be at least a height or more than the

height of a container, such as up to two times the height.

In various embodiments, the support and the lowest track in the vertical direction may
be arranged to have a second distance between them, the second distance being at least

a height or more than the height of a container, such as up to two times the height.

Furthermore, the stacker crane may be arranged to be moved in the first horizontal di-

rection along a second track extending the first horizontal direction.

Alternatively or in addition, the stacker crane may be arranged to move the carrier sup-
port in the vertical direction along vertical beams of the stacker crane by, for example,
a hoisting rope(s) or the like. There may thus be hoisting rope or ropes for moving the
carrier support in the vertical direction arranged to extend on the side(s) and/or inside
the beam(s). There can also be sheaves for the hoisting rope(s) arranged at one end or
both ends of the beam(s).

The multi-level container storage system may further comprise a loading/unloading fa-
cility. Furthermore, the container handling apparatus may be further arranged to be
moved into the loading/unloading facility for retrieving a container from the loading/un-
loading facility. For example, the second track may extend into the loading/unloading
facility for moving the container handling apparatus into and out of the loading/unload-
ing facility.

According to a second aspect, a high-bay container storage is provided. The high-bay
container storage comprises at least one multi-level container storage system in accord-

ance with the first aspect, and at least one building element, such as a foundation, a roof
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and/or walls, at least partly surrounding the at least one multi-level container storage

system.

Furthermore, the high-bay container storage may comprise a plurality of said multi-level

container storage systems.

The present invention provides a multi-level container storage system and a high-bay
container storage. The present invention provides advantages over known solutions in
that it provides space-efficient storing of containers with fast and accurate storing and

retrieving capabilities.

Various other advantages will become clear to a skilled person based on the following

detailed description.

The expression "a plurality of” may refer to any positive integer starting from two (2),

that is being at least two.

LT3

The terms “first”, “second”, etc. are herein used to distinguish one element from another

element, and not to specially prioritize or order them, if not otherwise explicitly stated.

The exemplary embodiments presented herein are not to be interpreted to pose limita-
tions to the applicability of the appended claims. The verb "to comprise" is used herein
as an open limitation that does not exclude the existence of also unrecited features. The
features recited in depending claims are mutually freely combinable unless otherwise

explicitly stated.

The novel features which are considered as characteristic of the present invention are set
forth in particular in the appended claims. The present invention itself, however, both as
to its construction and its method of operation, together with additional objectives and
advantages thereof, will be best understood from the following description of specific

embodiments when read in connection with the accompanying drawings.
BRIEF DESCRIPTION OF FIGURES

Some embodiments of the present invention are illustrated by way of example, and not

by way of limitation, in the figures of the accompanying drawings.

Figures 1A-1C illustrate schematically a high-bay container storage according to an em-

bodiment.
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Figure 2 illustrates schematically a high-bay container storage according to an embodi-

ment.

Figures 3A and 3B illustrate schematically a high-bay container storage according to an

embodiment.

Figures 4A and 4B illustrate schematically container handling apparatuses according to

some embodiments.

Figures 5A and 5B illustrate schematically a container handling apparatus according to

an embodiment.

Figures 6A and 6B illustrate schematically a container handling apparatus according to

an embodiment.

Figure 7 illustrate schematically a multi-level container storage system according to

some embodiments.

Figure 8 illustrates schematically a rack of a multi-level container storage system ac-

cording to an embodiment.

Figures 9A and 9B illustrate schematically container handling apparatuses according to

some embodiments.

Figures 10A-10D show some operating phases of a container handling apparatus accord-

ing to an embodiment.

Figures 11A-11F show some operating phases of a container handling apparatus accord-

ing to an embodiment.
DETAILED DESCRIPTION OF SOME EMBODIMENTS

Figures 1A-1C illustrate schematically a high-bay container storage 200 according to an
embodiment. The high-bay container storage 200 according to various embodiments is
intended to be used for storing containers 5, such as intermodal, or shipping or cargo or

ISO or sea or ocean, containers.

Fig. 1A illustrates schematically the high-bay container storage 200 from a perspective,
Fig. 1B from above or below, and Fig. 1C as a cross-sectional view from one side. The
high-bay container storage 200 comprises at least one building element, such as a roof

201 and/or walls 202, at least partly surrounding at least one multi-level container
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storage system 100 comprised in the high-bay container storage 200. In Figs. 1A-1C,
only structures for supporting the roof 201 and the walls 202 are being shown. Further-
more, the high-bay container storage 200, preferably, comprises a foundation 203. In
Fig. 1A, the high-bay container storage 200 is shown to comprise six multi-level con-
tainer storage systems 100, each comprising at least one storage module comprising
racks 15 for storing containers 5 and a container handling apparatus 10 for moving con-

tainers 5 into and out of the racks 15.

In some embodiments, the high-bay container storage 200 may comprise a loading/un-
loading facility 50, wherein the container handling apparatus 10 is further arranged to
be moved into the loading/unloading facility 50 for retrieving a container 5 from the
loading/unloading facility 50. Furthermore, the container handling apparatus 10 may be
arranged to be moved along second track extending into the loading/unloading facility
50.

Figure 2 illustrates schematically a high-bay container storage 200 according to an em-
bodiment. The high-bay container storage 200 of Fig. 2 may be essentially similar to the
one illustrated in Figs. 1A-1C. In Fig. 2, the container handling apparatus 10 is loaded
with two containers 5, such as 20-foot containers. Furthermore, Fig. 2 illustrates a sec-
ond track 22, such as including two parallel rails, extending on surface of the foundation
203. The second track 22 extends, preferably, in a first horizontal direction X. The stor-
age module 30 in accordance with various embodiments comprises racks 15 in a vertical
direction Z and a first horizontal direction Y for storing containers 5. Thus, the container
handling apparatus 10 is arranged to move containers 5 into and out of the racks 15 of

the storage module 30.

In various embodiments, the multi-level container storage system 100 may additionally
comprise a further storage module 35 arranged on opposite side of the stacker crane 11
in the second horizontal direction Y. Furthermore, the container handling apparatus 10
may, preferably, further be arranged to move containers 5 into and out of the racks 15
of the further storage module 35. As can be understood based on Figs. 1A-2, the further
storage module 35 may be substantially similar with respect to the storage module 30,

however, not necessarily.

Figures 3A and 3B illustrate schematically a high-bay container storage 200 according
to an embodiment. Figs. 3A and 3B are cross-sectional views of the storage 200. The
high-bay container storage 200 comprises at least one multi-level container storage sys-

tem 100. The at least one multi-level container storage system 100 comprises the storage
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module 30, and optionally the further storage module 35, comprising racks 15 in a ver-
tical direction Z and a first horizontal direction X for storing containers 5. Each one of
the racks 15 comprises a support for supporting at least one container 5 and at least two
first tracks (not shown in Figs. 3A and 3B) arranged in a first distance from each other
in the vertical direction Z and extending in a second horizontal direction Y. Furthermore,
at least one, or several, or even each one of the racks 15 is adapted for receiving a plu-
rality of containers 5 stackable on top of each other. Still further, the at least one multi-
level container storage system 100 comprises the container handling apparatus 10 capa-
ble of moving at least one container 5 in the vertical Z, first horizontal X, and second
horizontal directions Y. In preferable embodiments, the container handling apparatus 10
is arranged to be capable of moving at least one container 5 simultaneously in the vertical
Z and the first horizontal direction X.

The container handling apparatus 10 comprises a stacker crane 11 comprising a carrier
support 12 for a carrier device 20 of the container handling apparatus 10 and is arranged
to be moved in the first horizontal direction X and capable of moving the carrier support
12 in the vertical direction Z, preferably simultaneously, wherein the stacker crane 11.
There may be hoisting rope or ropes for moving the carrier support 12 in the vertical
direction Z arranged to extend on the side(s) and/or inside the beam(s). There can also

be sheaves for the hoisting rope(s) arranged at one end or both ends of the beam(s).

The carrier device 20 comprises a handling mechanism for gripping, lifting and lower-
ing, and releasing at least one container 5. The carrier device 20 is arrange to be moved
out of and into the stacker crane 11, and into and out of the storage module 30, respec-
tively, that is, the carrier device 20 is arranged to be detachable with respect to the carrier
support 12. The movement of the carrier device 20 is arranged to be along one of the
first tracks of a rack 15 for storing and retrieving at least one container 5 to or from the
storage module 30 (and optionally further storage module 35), wherein the handling

mechanism is arranged to move at least one container at most the first distance.

In Fig. 3A, the carrier device 20 is carrying two containers 5, such as 20-foot containers.
In some embodiments, there could be only one container 5 such as a 40-foot container.
The carrier device 20, and especially the handling mechanism thereof, may be arranged
to be able to carry either one longer container, such as a 40-foot container, or two shorter
containers, such as 20-foot containers. The carrier device 20 is, in Fig. 3A, at the stacker
crane 11, that is, engaged with the carrier support 12, such as track or rail portions
thereof.
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In Fig. 3B, the carrier device 20 has been detached from the carrier support 12 for mov-
ing the container(s) 5 into the rack 15 of the further storage module 35. The carrier de-
vice 20 is thus moving along the first tracks (not visible in Figs. 3A and 3B) of the rack

15 in question.

Figure 3B further illustrates an optional container support 24 of the stacker crane 11.
This may also apply to the embodiments illustrated in Figs. 1A-3A, 4A-7, and 9A-9B.
The container support 24 may be utilized to store thereon a container 5, or in some em-
bodiments even two or three containers 5, on top of each other even if there is currently
no carrier device 20 being arranged to the stacker crane 11. Thus, additionally, the
stacker crane 11 may be arranged to move container(s) 5 even without any carrier device
20 being arranged thereto. In these embodiments, the carrier device 20 may preferably
be completely detachable with respect to the stacker crane 11 as is being described here-

inbelow in connection to Figs 6A and 6B.

As can be seen in Figs. 1-3B, at least one or several or even each one of the racks 15
may be arranged to store consecutively at least two containers 5 in the second horizontal
direction Y. Furthermore, the carrier device 20 is preferably arranged to be able to move
along the first tracks of the rack 15 so that it is capable of moving containers 5 so that

they may be stored in the rack 15 consecutively.

Figures 4A and 4B illustrate schematically container handling apparatuses 10 according
to some embodiments. Fig. 4A illustrates a container handling apparatus 10 which car-
rier device 20 is adapted to carry one container 5. Fig. 4B illustrates a container handling
apparatus 10 which carrier device 20 is arranged to carry two containers 5. However, as
will be described hereinbelow, the carrier device 20 in accordance with various embod-
iments may be arranged to be able to carry either one longer container 5, or one or two

shorter containers 5.

In various embodiments, such as illustrated in Figs. 2-4B, the stacker crane 11 may be
arranged to move the carrier support 12 in the vertical direction Z along vertical beams
19 of the stacker crane 11. The stacker crane 11 may, thus, be arranged to be moved
along the second track 22 extending at the first, or lower, ends of the vertical beams 19.
There may, optionally, be further second track extending at the second, or top, ends of
the vertical beams 19. Thus, individual vertical beams 19 may be supported by at least

two different points, preferably, at the bottom and at the top ends thereof.

Furthermore, the stacker crane 11 preferably comprises motion control equipment 18.

The motion control equipment 18 may be, for example, arranged close to the lower end
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of the stacker crane 11. The motion control equipment 18 may comprise at least one
motor which is arranged to cause movement of the stacker crane 11 along the second
track 22. Furthermore, motion control equipment 18 may also be configured to move the
carrier support 12 in the vertical direction Z. The motion control equipment 18 may
comprise a stacker crane controller for controlling the operation of the stacker crane 11,
however, the stacker crane controller may, alternatively or in addition, be arranged some

other place or places than at the motion control equipment 18.

Figures 5A and 5B illustrate schematically a container handling apparatus 10 according
to an embodiment. Figs. SA and 5B show the container handling apparatus 10 by per-
spective views. As is visible in Figs. 5A and 5B, marked with two-headed arrows, the
container handling apparatus 10 is arranged to move at least one container 5, in this case
two containers 5 in three substantially orthogonal directions, namely vertical Z, first
horizontal X, and second horizontal Y. The container 5 may be moved into the first
horizontal direction X by moving the stacker crane 11, for example, along the second
track 22, and optionally the further second track 23 as shown in Figs. SA and 5B, by
rollers or wheels, or alternatively, by other means, such as by having tires or the like.
Furthermore, the stacker crane 11 may be arranged to move the carrier support 12 in the
vertical direction Z in order to move the container(s) 5. Finally, the carrier device 20 is
preferably arranged to move in the second horizontal direction Y with respect to the

stacker crane 11.

Figures 6A and 6B illustrate schematically a container handling apparatus 10 according
to an embodiment. The container handling apparatus10 is substantially similar to the
ones illustrated in Figs. 4A-5B and as being described in connection thereto, however,
Figs. 6A and 6B further illustrate that the carrier device 20 may be completely detached
from the carrier support 12 of the stacker crane 11 so that the carrier device 20 is not
supported at all by the carrier support 12 but by the first track of a rack 15 of the storage
module 30. It is to be understood that there may, however, still be, for example, electrical
and/or communication connections, such as for controlling the operation of the carrier
device 20, extending between the stacker crane 11 and the carrier device 20 even if the
carrier device 20 is completely detached from the carrier support 12. Figs. 6A and 6B
clearly illustrates this complete detachment. In various embodiments, however, the car-
rier device 20 may be completely detachable in the sense that communication connec-
tions are wireless, if any, and electrical power is being provided by an energy storage,
such as a battery (bank) or batteries, on the carrier device 20. Alternatively or in addition,
electrical power may be provided to operate the carrier device 20 via contact(s) in the

racks 15, such as in connection to the first tracks 17, 17B thereof. Thus, the carrier device
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20 may be controlled independently of the stacker crane 10. The stacker crane 10 may,
for example, move a first carrier device 20 to a position in which it enters the storage

module 30 and then move out of the position to retrieve a second carrier device 20.

Figure 7 illustrate schematically a multi-level container storage system 100 according to
some embodiments. Reference sign 5 has only been marked for some of the containers
5. As visible in Fig. 7, the storage module 30 comprises racks 15 in the vertical direction
Z and a first horizontal direction X for storing containers 5. Even though it is shown that
the storage module 30 comprises only four racks 15, it might as well be that the storage
module 30 comprises each one of the racks 15 in Fig. 7. Fig. 7 illustrates, by the arrow
having the starting point thereof at the container 5 in the stacker crane 11, one example
of moving the container 5 simultaneously in the vertical direction Z and the first hori-
zontal direction X by the container handling apparatus 10. The arrow, thus, may depict
the actual path of the container 5 in question, which the path is more or less a direct
displacement having the shortest possible distance between the current position of the

container 5 and the storage position thereof in the destination rack 15.

Each one of the racks 15 comprises a support 16 for supporting at least one container 5
and at least two first tracks 17 arranged in a first distance DIS1 from each other in the
vertical direction Z and extending in a second horizontal direction Y. In various embod-
iments, the first distance DIS1 may be at least a height or more than the height of a
container 5. Furthermore, the support 16 and the lowest first track 17 in the vertical
direction Z may be arranged to have a second distance DIS2 between them, the second
distance DIS2 being at least a height or more than the height of a container 5. As can be
seen, the racks 15 are adapted for receiving a plurality of containers 5 stackable on top
of each other, that is, one rack 15 may be utilized to store more than one container 5.
The bottom-most container 5 in the racks 15 is supported by the support 16. On the left
in Fig. 7, one of the racks 15 is shown enlarged so that the first tracks 17 can easily be
seen. The first tracks 17 may be, for example, rails. The first tracks 17 may, in some
embodiments, substantially correspond to the track or rail portions of the carrier support

12, however, not necessarily.

In accordance with some embodiments, Fig. 7 illustrates that the dimensions, such as
the height, of the racks 15 of the storage module 30 with respect to each other may be
the same or different (see the bottom-most racks 15 accommodating two containers 5 in

comparison to the second bottom-most racks 15 accommodating three containers 5).
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Figure 8 illustrates schematically a rack 15 of a multi-level container storage system 10
according to an embodiment. In this case, the racks 15 comprise at least two sets of
tracks, namely first tracks 17 and further first tracks 17B, which may preferably be sim-
ilar kinds of tracks, if not identical. The first tracks 17, having therebetween the first
distances DIS1, may be utilized to store, in this case, three containers 5 having a first
height. However, the same rack 15, which comprises further first tracks 17B and the first
distance DIS1 therebetween, may alternatively be utilized to store, in this case, two con-
tainers 5 having a second height. The first distance DIS1 is, thus, defined between two
consecutive tracks of the same set of tracks. The containers 5 having the second height
are higher than the containers 5 having the first height. Thus, the rack 15 may be utilized
selectively to store two types of containers 5 which the type relates at least to the height

of the container 5.

Figures 9A and 9B illustrate schematically container handling apparatuses 10 according
to some embodiments. In Fig. 9A, the container handling apparatus 10 is substantially
similar to the ones described hereinbefore, for example, in connection to and being il-
lustrated in Figs. SA-7. However, Fig. 9B illustrates a container handling apparatus 10
which carrier support 12 is adapted for supporting two carrier devices 20. Said two car-
rier devices 20 may be independently movable and controllable. In some other embodi-
ments, however, there may be only one carrier device 20 which is arranged to carry at
least two containers 5 in parallel in the first horizontal direction X. The racks 15 may

thus need to be adapted based on the dimensions and type of the carrier device 20.

Figures 10A-10D show some operating phases of a container handling apparatus 10,
especially the carrier device 20 thereof, according to an embodiment. In Fig. 10A, the
carrier device 20 is arranged to a position above the topmost container 5 in the rack 15
in question. Thus, the carrier device 20 has been moved along the corresponding first
track 17 to the position. In this case, the first track 17 in question is the third track from
the bottom. Fig. 10B illustrates the operation of the handling mechanism 25 when it is
arranged to lower towards the container 5. The handling mechanism 25 is being lowered

towards the container 5 to a position where gripping is possible.

In various embodiments, the handling mechanism 25 may be lowered by utilizing a rigid
mechanism, such as being ropeless. The rigid lowering-and-lifting mechanism may be
implemented, for example, by one or several gears, and toothed bars or gear tracks. Ac-
cording to another embodiments, alternatively or in addition, a scissor lift type of mech-
anism may be utilized to provide motion for lowering and lifting of the handling mech-

anism. The nature of the rigidity of the handling mechanism 25 does relates to, for
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example, not utilizing a hoisting rope or the like which would cause swinging of the
container 5 during moving thereof, for example, when utilizing a crane lift having such
rope. A rope or belt or the like would affect the accuracy and speed of the system nega-

tively and also requires more space due to sheaves and the like.

Fig. 10C illustrates the operation of the handling mechanism 25 when it is arranged to
grip the container 5. The handling mechanism 25 is in the correct position for gripping,
and it may be arranged to grip the container 5, such as by utilizing a spreader-type device
or the like, from the gripping points thereof. In some embodiments, the handling mech-
anism 25 may comprise container twistlocks, including rotating element(s), or the like
for gripping the container 5. Fig. 10D illustrates the operation of the handling mecha-
nism 25 when it is arranged to lift the container 5. The handling mechanism 25 is being
raised back towards the carrier device 20. Fig. 10D further illustrates how a gap 29 be-
tween the container 5 being handled and the container below, or in some cases the sup-
port 16, is provided. The gap 29 allows moving the container 5 away from the rack 15.
The process may be reversed in order to move a container 5 into the rack 15 as can be

understood by the skilled person.

Figures 11A-11F show some operating phases of a container handling apparatus 10, es-
pecially the carrier device 20 thereof, according to an embodiment. The carrier device
20 according to the embodiment comprises a handling mechanism 25 which is capable
of handling selectively either one longer, such as 40-foot, container 5, or one or two
shorter, such as 20-foot, containers 5. As marked in Figs. 11A-11F, there may be, in
addition to the parts of the handling mechanism 25 in the ends of the carrier device 20,
further components in the middle part of the carrier device 20 as shown for handling
shorter containers 5. Otherwise, the operating phases are similar to the ones illustrated
in Figs. 10A-10D. In Fig. 11A, the carrier device 20 is arranged to a position above the
topmost container 5 in the rack 15 in question. In Figs. 11B and 11C, the handling mech-
anism 25 is being lowered towards the container 5 to a position where gripping is pos-
sible. The lowering and lifting may be implemented by similar means as described here-
inabove with respect to Figs. 10A-10D. In Fig. 11D, the handling mechanism 25 is in
the correct position for gripping, and it may be arranged to grip the container 5, such as
by utilizing a spreader-type device, twistlocks, or the like, from the gripping points
thereof. In Figs. 11E and 11F, the handling mechanism 25 is being raised back towards
the carrier device 20. Figs. 11E and 11F further illustrates how the gap 29 between the
container 5 being handled and the container 5 below, or in some cases the support 16, is

provided. The gap 29 allows moving the container 5 away from the rack 15. The process
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the skilled person.
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CLAIMS
1. A multi-level container storage system (100) comprising:

a storage module (30) comprising racks (15) in a vertical direction (Z) and a first
horizontal direction (X) for storing containers (5), wherein each one of the racks (15)
comprises a support (16) for supporting at least one container (5) and at least two first
tracks (17, 17B) arranged in a first distance (DIS1) from each other in the vertical direc-
tion (Z) and extending in a second horizontal direction (Y), the second horizontal direc-
tion (Y) being perpendicular relative to the first horizontal direction (X), and at least one
of the racks (15) is adapted for receiving a plurality of containers (5) stackable on top of

each other; and

a container handling apparatus (10) capable of moving at least one container (5)
in the vertical (Z), the first horizontal (X), and the second horizontal (Y) directions,

wherein the container handling apparatus (10) comprises:

a stacker crane (11) comprises a carrier support (12) for a carrier device (20)
of the container handling apparatus (10) and is arranged to be moved in the first
horizontal direction (X) and capable of moving the carrier support (12) in the ver-

tical direction (Z), and

the carrier device (20) comprising a handling mechanism (25) for gripping,
lifting, lowering, and releasing at least one container (5), wherein the carrier de-
vice (20) is arrange to be moved out of and into the stacker crane (11), and into
and out of the storage module (30), respectively, along one of the tracks (17,17B)
of a rack (15) for storing and retrieving at least one container (5) to or from the
storage module (30), wherein the handling mechanism (25) is arranged to move at
least one container (5) at most the first distance (DIS1) in the vertical direction (Z)

when lowering or lifting the container (5).

2. The multi-level container storage system (100) of claim 1, wherein at least one of
the racks (15) is arranged to store consecutively at least two containers (5) in the second

horizontal direction (Y).

3. The multi-level container storage system (100) of claim 2 or 3, comprising a fur-
ther storage module (35) arranged on the opposite side of the stacker crane (11) in the

second horizontal direction (Y).
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4.  The multi-level container storage system (100) of claim 3, wherein the carrier de-
vice (20) is further arranged to be moved out of and into the stacker crane (11), and into
and out of the further storage module (35), respectively, along one of the first tracks (17,
17B) of a rack (15) of the further storage module (35).

5. The multi-level container storage system (100) of any of claims 1-4, wherein the
carrier device (20) is arranged to move at least one container (5) into and out of the

storage module (30) in a longitudinal direction of the at least one container (5).

6.  The multi-level container storage system (100) of any of claims 1-5, wherein the

handling mechanism (25) is rigid, such as ropeless.

7. The multi-level container storage system (100) of any of claims 1-6, wherein the

first distance (DIS1) is at least a height or more than the height of a container (5).

8. The multi-level container storage system (100) of any of claims 1-7, wherein the
support (16) and the lowest first track (17, 17B) in the vertical direction (Z) is arranged
to have a second distance (DIS2) between them, the second distance (DIS2) being at

least a height or more than the height of a container (5).

9.  The multi-level container storage system (100) of any of claims 1-8, wherein the
handling mechanism (25) is arranged to move at least one container (5) at most a half of
the first distance (DIS1).

10.  The multi-level container storage system (100) of any of claims 1-9, wherein the
stacker crane (11) is arranged to be moved in the first horizontal direction (X) along a

second track (22) extending the first horizontal direction (X).

11.  The multi-level container storage system (100) of any of claims 1-10, wherein the
stacker crane (11) is arranged to move the carrier support (12) in the vertical direction

(Z) along vertical beams (19) of the stacker crane (11).

12. The multi-level container storage system (100) of any of claims 1-11, comprising
a loading/unloading facility (50), wherein the container handling apparatus (10) is fur-
ther arranged to be moved into the loading/unloading facility (50) for retrieving a con-

tainer (5) from the loading/unloading facility (50).

13.  The multi-level container storage system (100) of claim 12, wherein the second
track (22) extends into the loading/unloading facility (50).
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14.  The multi-level container storage system (100) of any of claims 1-13, wherein the
racks (15) are dimensioned for storing one or more containers (5) having a length of

about 6.1 meters, about 12.2 meters, about 14.6 meters, or about 16.2 meters.

15. A high-bay container storage (200) comprising at least one, such as one or at least
5  two, multi-level container storage system (100) of any one of claims 1-14, and at least
one building element, such as a foundation (203), a roof (201) and/or walls (202), at
least partly surrounding the at least one, such as one or at least two, multi-level container

storage system (100).



