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The present invention relates to a height-

adjustable storage container (6), comprising a "
lower container frame (10) comprising a base

(11) and four lower walls (12) extending from ;
the base (11) and an upper container frame
(20) comprising four upper walls (22). Each of )
the upper walls (22) at least partially overlaps a
respective one of the four lower walls (11). The
storage container (6) comprises a connection
structure (30) for connecting the lower
container frame (10) and the upper container
frame (20) together, and which allows the
relative positioning of the lower container frame
(10) and the upper container frame (20) to be
adjusted to change the height of the height-
adjustable storage container (6). The present
invention also relates to an automated storage
and retrieval system (1) for storing and
retrieving product system (1), comprising a tool
(93) configured to adjust the height of a height-
adjustable storage container (6) according to a
filling level (FL) of the height-adjustable storage
container (6).
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FIELD OF THE INVENTION

The present invention relates to an adjustable storage container for an automated
storage and retrieval system. The present invention also relates to an automated
storage and retrieval system in which adjustable storage containers are stored. The
present invention also relates to a method for storing product items in adjustable
storage containers in an automated storage and retrieval system.

BACKGROUND AND PRIOR ART

Fig. 1 discloses a typical prior art automated storage and retrieval system 1 with a
framework structure 100 and Figs. 2 and 3 disclose two different prior art container
handling vehicles 201,301 suitable for operating on such a system 1.

The framework structure 100 comprises upright members 102, horizontal members
103 and a storage volume comprising storage columns 105 arranged in rows
between the upright members 102 and the horizontal members 103. In these storage
columns 105 storage containers 106, also known as bins, are stacked one on top of
one another to form stacks 107. The members 102, 103 may typically be made of
metal, e.g. extruded aluminum profiles.

The framework structure 100 of the automated storage and retrieval system 1
comprises a rail system 108 arranged across the top of framework structure 100, on
which rail system 108 a plurality of container handling vehicles 201,301 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 201,301 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 201,301 in a second direction Y which
is perpendicular to the first direction X. Containers 106 stored in the columns 105
are accessed by the container handling vehicles through access openings 112 in the
rail system 108. The container handling vehicles 201,301 can move laterally above
the storage columns 105, i.e. in a plane which is parallel to the horizontal X-Y plane
(as shown in Fig. 1).

The upright members 102 of the framework structure 100 may be used to guide the
storage containers 106 during raising of the containers out from and lowering of the
containers into the columns 105. The stacks 107 of containers 106 are typically self-
supportive.
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Each prior art container handling vehicle 201,301 comprises a vehicle body
201a,301a, and first and second sets of wheels 201b,301b,201¢,301¢ which enable
the lateral movement of the container handling vehicles 201,301 in the X direction
and in the Y direction, respectively. In Fig. 2 and 3 two wheels in each set are fully
visible. The first set of wheels 201b,301b is arranged to engage with two adjacent
rails of the first set 110 of rails, and the second set of wheels 201¢,301¢ is arranged
to engage with two adjacent rails of the second set 111 of rails. At least one of the
sets of wheels 201b,301b,201¢,301c¢ can be lifted and lowered, so that the first set
of wheels 201b,301b and/or the second set of wheels 201¢,301¢c can be engaged
with the respective set of rails 110, 111 at any one time.

Each prior art container handling vehicle 201,301 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 one or more gripping / engaging devices
which are adapted to engage a storage container 106, and which gripping / engaging
devices can be lowered from the vehicle 201,301 so that the position of the gripping
/ engaging devices with respect to the vehicle 201,301 can be adjusted in a third
direction Z which is orthogonal the first direction X and the second direction Y.
Parts of the gripping device of the container handling vehicle 301 are shown in Fig.
3 indicated with reference number 304. The gripping device of the container
handling device 201 is located within the vehicle body 201a in Fig. 2.

Conventionally, and also for the purpose of this application, in the automated
storage and retrieval system 1, Z=1 identifies the uppermost layer of storage
containers, 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 exemplary prior art
automated storage and retrieval system 1 disclosed in Fig. 1, Z=8 identifies the
lowermost, bottom layer of storage containers. Similarly, X=1...n and Y=1...n
identifies the position of each storage column 105 in the horizontal plane.
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 storage position X=10, Y=2, Z=3. The container handling vehicles 201,301
can be said to travel in layer Z=0, and each storage column 105 can be identified by
its X and Y coordinates.

The storage volume of the framework structure 100 has often been referred to as a
grid 104, where the possible storage positions within this grid are referred to as
storage cells. Each storage column may be identified by a position in an X- and Y-
direction, while each storage cell may be identified by a container number in the X-,
Y- and Z-direction.
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Each prior art container handling vehicle 201,301 comprises a storage compartment
or space for receiving and stowing a storage container 106 when transporting the
storage container 106 across the rail system 108. The storage space may comprise a
cavity arranged centrally within the vehicle body 201a as shown in Fig. 2 and as
described in e.g. WO2015/193278A1, the contents of which are incorporated herein
by reference.

Fig. 3 shows an alternative configuration of a container handling vehicle 301 with a
cantilever construction. Such a vehicle is described in detail in e.g. NO317366, the
contents of which are also incorporated herein by reference.

The central cavity container handling vehicles 201 shown in Fig. 2 may have a
footprint that covers an area with dimensions in the X and Y directions which is
generally equal to the lateral extent of a storage column 105, e.g. as is described in
WO2015/193278A1, the contents of which are incorporated herein by reference.
The term 'lateral' used herein may mean 'horizontal'.

Alternatively, the central cavity container handling vehicles 201 may have a
footprint which is larger than the lateral area defined by a storage column 105, e.g.
as 1s disclosed in W0O2014/090684A1.

The rail system 108 typically comprises rails with grooves in which the wheels of
the vehicles run. Alternatively, the rails may comprise upwardly protruding
elements, where the wheels of the vehicles comprise flanges to prevent derailing.
These grooves and upwardly protruding elements are collectively known as tracks.
Each rail may comprise one track, or each rail may comprise two parallel tracks.

WO2018/146304A1, the contents of which are incorporated herein by reference,
illustrates a typical configuration of rail system 108 comprising rails and parallel
tracks in both X and Y directions.

In the framework structure 100, a majority of the columns 105 are storage columns
105, i.e. columns 105 where storage containers 106 are stored in stacks 107.
However, some columns 105 may have other purposes. In Fig. 1, columns 119 and
120 are such special-purpose columns used by the container handling vehicles
201,301 to drop off and/or pick up storage containers 106 so that they can be
transported to an access station (not shown) where the storage containers 106 can be
accessed from outside of the framework structure 100 or transferred out of or into
the framework structure 100. Within the art, such a location is normally referred to
as a ‘port’ and the column in which the port is located may be referred to as a ‘port
column’ 119,120. The transportation to the access station may be in any direction,
that is horizontal, tilted and/or vertical. For example, the storage containers 106
may be placed in a random or dedicated column 105 within the framework structure
100, then picked up by any container handling vehicle and transported to a port
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column 119,120 for further transportation to an access station. Note that the term
‘tilted” means transportation of storage containers 106 having a general
transportation orientation somewhere between horizontal and vertical.

In fig. 1, the first port column 119 may for example be a dedicated drop-off port
column where the container handling vehicles 201,301 can drop off storage
containers 106 to be transported to an access or a transfer station, and the second
port column 120 may be a dedicated pick-up port column where the container
handling vehicles 201,301 can pick up storage containers 106 that have been
transported from an access or a transfer station.

The access station 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, the storage containers 106 are normally not removed from the
automated storage and retrieval system 1, but are returned into the framework
structure 100 again once accessed. A port can also be used for transferring storage
containers to another storage facility (e.g. to another framework structure or to
another automated storage and retrieval system), to a transport vehicle (e.g. a train
or a lorry), or to a production facility.

A conveyor system comprising conveyors is normally employed to transport the
storage containers between the port columns 119,120 and the access station.

If the port columns 119,120 and the access station are located at different levels, the
conveyor system may comprise a lift device with a vertical component for
transporting the storage containers 106 vertically between the port column 119,120
and the access station.

The conveyor system may be arranged to transfer storage containers 106 between
different framework structures, e.g. as is described in W0O2014/075937A1, the
contents of which are incorporated herein by reference.

When a storage container 106 stored in one of the columns 105 disclosed in Fig. 1 is
to be accessed, one of the container handling vehicles 201,301 is instructed to
retrieve the target storage container 106 from its position and transport it to the
drop-off port column 119. This operation involves moving the container handling
vehicle 201,301 to a 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 201,301 lifting device
(not shown), and transporting the storage container 106 to the drop-off port column
119. 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
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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 column 119, 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 201,301 specifically dedicated to the task of
temporarily removing storage containers 106 from a storage column 105. Once the
target storage container 106 has been removed from the storage column 105, the
temporarily removed storage containers 106 can be repositioned into the original
storage column 105. However, the removed storage containers 106 may
alternatively be relocated to other storage columns 105.

When a storage container 106 is to be stored in one of the columns 105, one of the
container handling vehicles 201,301 is instructed to pick up the storage container
106 from the pick-up port column 120 and transport it to a location above the
storage column 105 where it is to be stored. After any storage containers 106
positioned at or above the target position within the stack 107 have been removed,
the container handling vehicle 201,301 positions the storage container 106 at the
desired position. The removed storage containers 106 may then be lowered back
into the storage column 105, or relocated to other storage columns 105.

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 framework structure 100, the content of each storage container 106, and the
movement of the container handling vehicles 201,301 so that a desired storage
container 106 can be delivered to the desired location at the desired time without
the container handling vehicles 201,301 colliding with each other, the automated
storage and retrieval system 1 comprises a control system 500 which typically is
computerized and which typically comprises a database for keeping track of the
storage containers 106.

In Fig. 4, a prior art storage container 106 used in the above automated storage and
retrieval system 1 is shown containing several product items 80. The storage
container 106 comprises a base 106a and four side walls 106b protruding up from
the base. In the upper parts of the side walls, a connection interface CI is provided
for the gripping / engaging devices of the container handling vehicles to engage and
hence be able to lift the container 106. The storage container 106 is stackable, i.e.
the base 106a has a shape adapted to be stacked above a similar storage container.
The height of the storage container 106 is indicated as H106.

One object of the present invention is to improve efficiency the above automated
storage and retrieval systems.
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SUMMARY OF THE INVENTION

The present invention relates to a height-adjustable storage container, comprising:

- a lower container frame comprising a base and four lower walls extending from
the base;

- an upper container frame comprising four upper walls, wherein each of the upper
walls at least partially overlaps a respective one of the four lower walls;

wherein the storage container comprises a connection structure for connecting the
lower container frame and the upper container frame together, and which allows the
relative positioning of the lower container frame and the upper container frame to
be adjusted to change the height of the height-adjustable storage container.

In one aspect, the connection structure is connected to the four lower walls and/or
the four upper walls. In one aspect, the connection structure is at least partially
integrated with the four lower walls and/or the four upper walls.

In one aspect, the storage container is an open-top container, wherein product items
are retrieved from or inserted into the storage container via an opening in the upper
container frame.

In one aspect, the connection structure is providing that the lower container frame is
fixed with respect to the upper container frame during normal handling of the
storage container, i.e. unintentional relative positioning between the lower container
frame and upper container frame is not possible during such normal handling.
Relative positioning between the lower container frame and upper container frame
is only allowed by intentional adjustment of the connection structure.

The height-adjustable storage container may be in a reduced-height configuration,
where there is a large overlap between the upper walls and lower walls. The height-
adjustable storage container may also be in a full-height configuration, where there
is only a small overlap between the upper walls and lower walls. These two
configurations may be the only two configurations. The height-adjustable storage
container may have several intermediate configurations between the reduced-height
configuration and the full-height configuration. The height-adjustable storage
container may be continuously or discretely adjusted between the reduced-height
configuration and the full-height configuration.

In one aspect, the connection structure comprises:

- a first tube attached to one of the lower container frame or upper container frame;
- a second tube being smaller than the first tube, attached to the other of the lower
container frame or upper container frame,

- wherein the first tube is received at least partially over the second tube.
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In one aspect, the first and second tube are slidingly engaged with each other. In
one aspect, in the reduced-height configuration, there is a large overlap between the
first and second tubes and in the full-height configuration, there is only a small
overlap between the first and second tubes.

In one aspect, the first and second tubes are cylindrical, the first tube having a first
diameter and the second tube having a second diameter which is smaller than the
first diameter. Alternatively, the tubes may have an oval, triangular, rectangular or
polygonal cross section.

In one aspect, the connection structure comprises:

- a third tube, being larger than the first tube;

- wherein the second tube and third tube are arranged coaxially, with the second
tube inside the third tube,

- wherein the first tube is received at least partially within a space formed between
the second tube and the third tube.

In one aspect, also the third tube is cylindrical, having a third diameter which is
larger than the first diameter. The space between the second tube and the third tube
may be annular. However, also the third tube may have other cross-sectional shapes.

In one aspect, the storage container comprises a fastener retained at least partially
within a bore of the first tube, the fastener comprising threads which engage an
inner threaded bore of the second tube.

Hence, by rotating the fastener, the second tube is moved in relation to the first
tube.

In one aspect, the first tube comprises an annular projection or annular groove for
retaining the fastener, and the fastener comprises a corresponding annular groove or
annular projection.

Hence, the fastener is prevented from moving along the axis of the second tube, but
the fastener may rotate to move the second tube in relation to the first tube.

In one aspect, the fastener comprises a tool interface at one or both ends of the
fastener.

In one aspect, the tool interface is retracted with respect to the outer surfaces of the
storage container. Hence, unintentional height adjustment may be avoided.

In one aspect, the storage container comprising a retrievable locking pin for
locking the lower container frame to the upper container frame.

In one aspect, the connection structure comprises:
- a received wall portion being a portion of one of the lower container frame or
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upper container frame;

- a double-walled portion being a portion of the other of the lower container frame
or upper container frame, the double-walled portion comprising two parallel walls
spaced by a gap, the gap being sized to receive the received wall;

- a set of vertically spaced first through-holes in the double-walled portion;

- a set of vertically spaced second through-holes in the received wall,

- wherein relative motion of the upper container frame and lower container frame
causes different through-holes in the double-walled portion and received portion to
be brought into alignment;

- wherein the connection structure further comprises a fastener configured to pass
through the aligned through-holes, to fix the relative position of the upper container
frame and lower container frame.

In one aspect, the storage container (6) comprising a locking pin for engaging the
fastener.

In one aspect, the connection structure comprises a rack-and-pinion, with the rack
being provided on one of the upper container frame and lower container frame, and
the pinion being provided on the other of the upper container frame and lower
container frame.

In one aspect, the lower container frame comprises a lower stacking interface and
the upper container frame comprises an upper stacking interface; thereby allowing
the height-adjustable storage container to be stacked above or below similar or
identical storage containers; and

wherein the upper container frame comprises a upper vehicle connection interface,
thereby allowing the height-adjustable storage container to be lifted via the upper
vehicle connection interface.

In one aspect, the storage container comprises two or four connection structures. In
one aspect, the connection structures are located in corners of the storage
containers.

In one aspect, the lower and upper container frames have a rectangular cross-
sectional shape.

In one aspect, the fastener is oriented in a vertical direction, i.e. perpendicular to the
base. Alternatively, the fastener is oriented in parallel with the base

In one aspect, the storage container is made of moulded plastic, where the lower
container frame is moulded as one, single part, and the upper container frame is
moulded as one, single part separate from the lower container frame. The
connection structure may also be moulded as part of the respective frames. Hence,
the only additional part is the one or plurality of fasteners.
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In one aspect, the upper and lower container frames each comprises an array of
moulded ribs, allowing the load of the product items carried by the base of the
lower container frame to be transferred into the side walls and further to the upper
container frame via the fastening elements or a number of fastening elements.

The present invention also relates to an automated storage and retrieval system for
storing and retrieving product items stored in storage containers, wherein the system
comprises:

- a framework with upright members and horizontal members;

- a storage volume comprising storage columns between the members, where the
storage containers are stackable in stacks within the storage columns;

- a rail system above the framework;

- a port wherein product items are retrieved from and/or supplied to the storage
container;

- container handling vehicles moving along the rail system for transporting the
storage containers between the storage columns and the port;

characterized in that the system comprises:

- a tool configured to adjust the height of a height-adjustable storage container
according to a filling level of the height-adjustable storage container.

In one aspect, the tool is located at the port.

In one aspect, the tool comprises:

- a filling level detector for detecting the filling level of the height-adjustable
storage container;

wherein the tool is configured to adjust the height of an adjustable storage container
based on information from the filling level detector.

Alternatively, the tool is controlled manually based on a manual observation of the
filling level.

In one aspect, the system further comprises a control system, wherein a parameter
representative of the height of the height-adjustable storage container is stored
within the control system for each height-adjustable storage container.

In one aspect, the control system is configured to determine the storage column in
which the storage container is to be stored in, based on the parameter representative
of the height of the height-adjustable storage container.

In one aspect, the height-adjustable storage container is a height-adjustable storage
container according to the above.

In one aspect, the parameter representative of the height of the height-adjustable
storage container is updated during or after the height has been adjusted at the port.
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The height can be calculated based on data from the tool. Alternatively, the height
can be measured.

The present invention also relates to a method of storing a height-adjustable storage
container in an automated storage and retrieval system comprising:

- measuring the filling-level of the height-adjustable storage container at a port of
the automated storage and retrieval system;

- adjusting the height of the height-adjustable storage container at the port
according to the measured filling-level.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings are appended to facilitate the understanding of the invention.
The drawings show exemplary embodiments of the invention, which will now be
described by way of example only, wherein:

Fig. 1 is a perspective view of a framework structure of a prior art automated

storage and retrieval system.

Fig. 2 is a perspective view of a prior art container handling vehicle having a

centrally arranged cavity for carrying storage containers therein.

Fig. 3 is a perspective view of a prior art container handling vehicle having a
cantilever for carrying storage containers underneath.

Fig. 4 shows a perspective view of a prior art storage container.

Fig. 5 shows a perspective view of a first embodiment of a storage container in a

first state.

Fig. 6 shows a perspective view of a first embodiment of a storage container in a

second state.
Fig. 7 is a top view of the first embodiment of a storage container.

Fig. 8a shows a perspective view of a connection structure provided in one corner of

the storage container.
Figs. 8b and 8c are cross sectional side views of the connection structure.
Fig. 8d is a side view of the fastening element of the connection structure.

Fig. 8e is a side view of an alternative fastening element.
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Fig. 8f shows a cross sectional side view of an alternative connection structure.
Figs. 8g and 8h illustrates alternative locations of the connection structure.
Figs. 9a-c shows how the height of the storage container is adjusted at a port.
Fig. 9d shows an alternative adjustment of the height of the storage container.

Fig. 9e shows yet another alternative adjustment of the height of the storage

container.
Figs. 10a and 10b illustrate an alternative connection structure.

Fig. 11 shows an alternative connection structure.

DETAILED DESCRIPTION OF THE INVENTION

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.

The framework structure 100 of the automated storage and retrieval system 1 is
constructed in accordance with the prior art framework structure 100 described
above in connection with Figs. 1-3, i.e. comprising a number of upright members
102 and a number of horizontal members 103, which are supported by the upright
members 102, and further that the framework structure 100 comprises a rail system
108 in the X direction and Y direction.

The framework structure 100 further comprises storage compartments in the form of
storage columns 105 provided between the members 102, 103, where storage
containers 106 are stackable in stacks 107 within the storage columns 105.

The framework structure 100 can be of any size. In particular it is understood that
the framework structure can be considerably wider and/or longer and/or deeper than
disclosed in Fig. 1. For example, the framework structure 100 may have a horizontal
extent of more than 700x700 columns and a storage depth of more than twelve
containers.

It is now referred to fig. 5 and 6. Here it is shown a height-adjustable storage
container 6. In this embodiment, the storage container 6 comprises two main parts,
a lower container frame 10 and an upper container frame 20.
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The lower container frame 10 comprises a base 11 and four lower walls 12
extending from the base 11. As shown in fig. 5, the first two lower walls are
oriented in parallel with each other, while the other two lower walls are also
oriented in parallel with each other and perpendicular to the first two walls. The
base 11 is forming the floor of a storage compartment 40 within the storage
container 6.

The upper container frame 20 comprises four upper walls 22. Each of the upper
walls 22 is at least partially overlapping a respective one of the four lower walls 11,
i.e. each one of the four upper walls 22 are provided in parallel with each one of the
lower walls 11.

The storage container 6 further comprises a connection structure 30 for connecting
the lower container frame 10 and the upper container frame 20 together. In the
present embodiment, most of the connection structure 30 is integrated with the
lower container frame 10 and the upper container frame 20, as the lower container
frame 10 together with parts of the connection structure 30 are moulded as one,
single part, and the upper container frame 20 together with other parts of the
connection structure 30 is moulded as one, single part separate from the lower
container frame 10. However, the connection structure 30 may also be separate parts
connected or secured to from the lower and upper container frames 10, 20. In such a
case, the storage container 6 is considered to have more than two main parts.

In the present embodiment, the storage container 6 comprises four connection
structures 30 located in the corners of the respective container frames 10, 20.

The connection structure 30 allows the relative positioning of the lower container
frame 10 and the upper container frame 20 to be adjusted to change the height of the
height-adjustable storage container 6. In fig. 5, the storage container 6 is considered
to be in a full-height configuration, where the height is indicated as a maximum
height Hmax. In fig. 6, the storage container 6 is in a reduced-height configuration,
where the height is indicated as a minimum height Hmin.

In fig. 5, there is only a small overlap between the upper walls 22 and lower walls
12, while in fig. 6, there is a large overlap between the upper walls 22 and lower
walls 11. The height-adjustable storage container 6 may have several intermediate
configurations between the reduced-height configuration and the full-height
configuration, i.e. configurations where the height of the storage container 6 is
between the minimum height Hmin and the maximum height Hmax.

In fig. 5, it is further shown that the lower container frame 10 comprises a lower
stacking interface LSI and the upper container frame 20 comprises an upper
stacking interface USI. Hence, the height-adjustable storage container 6 can be
stacked above or below other storage containers 6 in a stack 107 in one of the



10

15

20

25

30

35

13

columns 105 of the framework structure 100 shown in fig. 1. It should be noted that
the height-adjustable storage container 6 can be stacked above or below other
height-adjustable storage containers and also above or below other fixed-height
storage containers 106, for example the fixed-height storage container shown in fig.
4,

The upper container frame 20 also comprises an upper vehicle connection interface
CI, thereby allowing the height-adjustable storage container 6 to be lifted via the
upper vehicle connection interface CI, for example by means of a container
handling vehicle 201, 301.

The upper container frame 20 comprises a top opening 21 for retrieving product
items 80 from or for inserting product items 80 into the compartment 40 of the
storage container. Hence, the storage container is considered to be an open-top type
of storage container.

In fig. 7, it is shown how the four connection structures 30 are located in each
corner of the storage container. The base area of the storage compartment 40 within
the storage container 6 will typically be less than the base area of the storage
compartment of a corresponding fixed height storage container (fig. 4), but the base
area is not considerably reduced.

One embodiment of the connection structure 30 will now be described with
reference to fig. 8a — 8d. Here, it is shown that the connection structure 30
comprises a first tube 23 attached to the upper container frame 20 and a second tube
13 being smaller than the first tube, attached to the lower container frame 10. In
addition, the connection structure 30 comprises a third tube 17 being larger than the
second tube 23.

All the tubes 23, 13, 17 are circular tubes, where the outer diameter of the first tube
is larger than the outer diameter of the first tube and where the outer diameter of the
third tube is larger than the outer diameter of the second tube. As shown in fig. 8b, a
through bore 14 is provide in the longitudinal or vertical direction of the second
tube 13. In the present embodiment, the bore 14 is provided with threads. A space
or annulus 15 is defined radially between the second tube 23 and the third tube 17,
allowing the first tube 23 to be slidingly engaged in a vertical direction within this
annulus 15. The first tube 23 is received at least partially over the second tube 13,
i.e. the first tube 23 is received within the annulus 15 from above.

As shown in fig. 8a, the second tube 13 and the third tube 17 are connected to each
other via a vertical element 13a provided in a vertical slit 23a in the first tube 23.
The second tube 13 and the third tube 17 are also connected to each other via the
base 11.
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Fig. 8b shows the full-height configuration, where there is only a small overlap
between the first and second tubes. Fig. 8c illustrates the reduced-height
configuration, where there is a relatively larger overlap between the first and second
tubes.

In fig. 8b, it is shown that a fastener 32 retained at least partially within a bore 24 of
the first tube 23. The first tube 23 comprises an annular projection 26 for retaining
the fastener 32, and the fastener 32 comprises a corresponding annular groove 36.

In fig. 8d, it is shown that the upper area 34 of the fastener 32, including the area of
the annular groove 26, is non-threaded. Hence, the fastener 32 may be rotated with
respect to the first tube 23, without any relative axial or vertical movement between
the first tube 23 and the fastener 32.

The lower area comprises threads. This area is referred to as a threaded area 33. The
threaded area engage the threaded bore 14 of the second tube 13. Hence, by
rotating the fastener 32, the second tube 13 is moved in relation to the first tube 23.

The fastener comprises a tool interface 35 at one or both ends of the fastener. The
tool interface 35 may be a screwdriver type of interface. In the present embodiment,
the tool interface 35 is a Phillips screwdriver interface.

In an alternative embodiment shown in fig. 8e, the fastener 32 comprises an annular
projection 36. Here, the first tube 23 may comprises an annular groove.

The above connection structure 30 is providing that the lower container frame 10 is
fixed with respect to the upper container frame 20 during normal handling of the
storage container, i.e. that unintentional relative positioning between the lower
container frame 10 and the upper container frame 20 is prevented when the storage
container 6 is stacked above or below other storage containers in a stack, when the
storage container 6 is lifted by container handling vehicles via its connection
interface CI etc.

In alternative embodiment shown in fig. 8f, it is shown that an additional retrievable
locking pin 37a can be used to lock the lower container frame 10 and the upper
container frame 20 to each other. The locking pin 37a is pushed horizontally into
openings provided in the first, second and third tubes. This locking pin 37a must be
retrieved in order to enable adjustment of the height of the storage container 6.

Yet an alternative is also shown in fig. 8f, where a retrievable locking pin 37b is
pushed horizontally into openings provided in the first, second and third tubes and
in addition into the fastener 32.
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The use of one of or both of the locking pin 37a, 37b may be considered necessary
if the load in the storage container is very heavy, to avoid unintentional height
adjustment.

It should also be noted that the tool interface 35 may be retracted with respect to
the outer surfaces of the storage container 6.

It is now referred to fig. 8g, where it is shown that the lower and upper container
frames 10, 20 have a rectangular cross-sectional shape, i.e. with two parallel longer
side walls and two parallel short walls. Here, the adjustable storage container 6
comprises two connection structures 30, each positioned adjacent to and centrally
on the longer side walls of the storage container 6.

It is now referred to fig. 8h. Here the adjustable storage container 6 comprises four
connection structures 30, two positioned adjacent to and centrally on the longer side
walls of the storage container 6 and two positioned adjacent to and centrally on the
shorter side walls of the storage container 6.

It is now referred to fig. 9a-9¢, where a port 90 is shown. The port 90 is a location
within the automated storage system 1 where product items 80 are retrieved from
and/or supplied to the storage container 6, 106, either manually or automatically.
The height of the storage container 6 will typically be adjusted after product items
have been retrieved from and/or supplied to the storage container. However, it is
also possible that the height is adjusted before product items have been retrieved
from and/or supplied to the storage container.

In automated storage and retrieval systems 1 where the above height-adjustable
storage container 6 is used, the control system 500 is typically configured to store a
parameter representative of the height of the height-adjustable storage container 6
together with other information about each storage container. Hence, the presently
adjusted height for each storage container will typically be known for each storage
container arriving at the port. Hence, if product items are to be retrieved from the
storage container, then no height adjustment is performed before arrival. However,
if the storage container arriving to the port is adjusted to a height lower than a
predetermined threshold height, and product items is to be supplied to the storage
container, then the height may be adjusted before arrival to the port.

In fig. 9a — 9¢, an assembly line or conveyor 91 is shown, where a storage container
6 containing a product item 80 is shown. The height of the product item 80 inside
the storage container indicates a filling level FL (best shown in fig. 9¢). In fig. 9a,
the storage container 6 is adjusted to its maximum height Hmax.

In fig. 9b, a tool 93 is shown schematically. The tool 93 is configured to adjust the
height of a height-adjustable storage container 6 according to the filling level FL of
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the height-adjustable storage container 6. In fig. 9b, the tool 93 comprises four
screwdrivers for rotating the four fasteners 32 simultaneously. Here, as the filling
level FL is lower than the height shown in fig. 9a, and hence, the height is reduced
to the height shown in fig. 9c.

In the above embodiment, the filling level 93 is observed by an operator and by
using a user interface, the tool 93 is controlled by the operator until the desired
height is achieved. The tool 93 may comprise an observation window for observing
the compartment 40 of the storage container while the tool 93 is used, to achieve
that the height is adjusted to the desired level.

The tool 93 may be provided above a conveyor 91 transporting storage containers to
the location where product items are retrieved from or supplied to the storage
container and/or above a conveyor 91 transporting storage containers from the
location where product items are retrieved from or supplied to the storage container.

It is now referred to fig. 9d. Here, the tool 93 comprises a filling level detector 94
for detecting the filling level FL of the height-adjustable storage container 6. The
tool 93 is here configured to adjust the height of an adjustable storage container 6
based on information from the filling level detector 94.

It is now referred to fig. 9e. Here, the tool 93 is located below the conveyor and is
accessing the fastener via the opening 14 (see fig. 8b and 8c). The conveyor 91 may
here comprise apertures or openings allowing the screwdrivers to protrude up
through the conveyor.

It should be noted that the tool may be integrated in prior art ports, such as the one
described in W02019206971, W02018233886, WO2018233886A etc. It is also
possible to integrate the tool 93 into a container handling vehicle, where the height
is adjusted before the storage container is delivered to the port or after the storage
container has retrieved the storage container from the port.

During or after the height has been adjusted after the visit to the port, the parameter
representative of the height of the height-adjustable storage container 6 is updated
within the control system 500. The height can be calculated based on data from the
tool 93. Alternatively, the height can be measured.

After the height-adjustment, the control system 500 may be configured to determine
the storage column 105 in which the storage container 6 is to be stored in, based on
the parameter representative of the height-adjustable storage container 6.

It is now referred to fig. 10a. Here, the connection structure 30 comprises a received
wall portion being a portion of the lower container frame 10 and a double-walled
portion being a portion of the upper container frame 20. The double-walled portion
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comprising two parallel walls spaced by a gap, the gap being sized to receive the
received wall.

A set of vertically spaced first through-holes 28 is provided in the double-walled
portion and a set of vertically spaced second through-holes 18 is provided in the
received wall. Relative vertical motion of the upper container frame 10 and lower
container frame 20 causes different through-holes 18, 28 in the double-walled
portion and received portion to be brought into alignment.

The connection structure 30 further comprises a fastener 32 configured to pass
through the aligned through-holes 18, 28, to fix the relative position of the upper
container frame 10 and lower container frame 20.

This fastener 32 may be a pin without any threads. In fig. 10 b it is shown that the
fastener may comprise a locking pin 37 to prevent unintentional release of the
fastener. However, the fastener may be a threaded type of fastener or another type
of fastener where the fastener itself is preventing unintentional release.

Hence, while the first embodiment above allows the height to be adjusted
continuously between the reduced-height configuration and the full-height
configuration, the embodiment of fig. 10a and 10b allows the height to be adjusted
in discrete steps between the reduced-height configuration and the full-height
configuration.

It is now referred to fig. 11. Here it is shown an embodiment similar to the one
shown in fig. 10a and 10b. However, instead of vertically inserting a fastener
horizontally through openings, the connection structure 30 comprises a rack-and-
pinion system, with the rack 39a being provided the lower container frame 10 and
the rotatable pinion being rotatably connected to the upper container frame 20. The
height is adjusted by rotating the pinion via an interface.

Alternative embodiments

In the embodiments described above, it is clear that the connections structure 30
may be at least partially be integrated as parts of the walls 12, 22 of the respective
lower and upper container frame structures 10, 20. For example, parts of the third
tube 17 may form parts of the lower wall 11 and parts of the first tube 23 may form
parts of the upper wall 22.

It should further be noted that the connection structures may be turned upside-down,
i.e. that the first tube is connected to the lower container frame 10 and the second
and third tubes are connected to the upper container frame 20. In the embodiment of
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fig. 10a, 10b, the double-wall portion may be a part of the lower container frame 10
and the receiving portion may be a part of the upper container frame 20.

The upper frame may also comprise a cover, for preventing product items to fall out
from the storage container. The cover does not prevent stacking of storage
containers. The cover may be transparent or semi-transparent to observe how much
the height of the storage container should be adjusted. The cover may be movably
connected to the upper container frame.

According to the above, the storage container with adjustable height will improve
storage efficiency of the above automated storage and retrieval systems. This
storage container may be particularly useful for automated storage and retrieval
systems located in smaller buildings, in basements of buildings, etc., where storage

efficiency may be more crucial.

In the preceding description, various aspects of the storage container and the
automated storage and retrieval system according to the invention have been
described with reference to the illustrative embodiments. For purposes of
explanation, specific numbers, systems and configurations were set forth in order to
provide a thorough understanding of the system and its workings. However, this
description is not intended to be construed in a limiting sense. Various
modifications and variations of the illustrative embodiments, as well as other
embodiments of the system, which are apparent to persons skilled in the art to
which the disclosed subject matter pertains, are deemed to lie within the scope of

the present invention.
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LIST OF REFERENCE NUMBERS

Prior art (figs 1-4):

10
11
12
13
14
15
17
18
20
22
23
24
26
28
30
32
35
37
40
90
93
94
100
102
103
104
105
106
106’
107
108
110
110a
110b
111

Prior art automated storage and retrieval system
Height-adjustable storage container
Lower container frame

Base

Walls

Second tube

Bore

Space

Third tube

Through holes

Upper container frame

Walls

First tube

Bore

Groove

Through holes

Connection structure

Fastener

Tool interface

Locking pin

Compartment

Port

Tool

Filling level detector

Framework structure

Upright members of framework structure
Horizontal members of framework structure
Storage grid

Storage column

Storage container

Particular position of storage container
Stack

Rail system

Set of parallel rails in first direction (X)
First rail in first direction (X)

Second rail in first direction (X)

Set of parallel rails in second direction (¥)
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111b
112
119
120
201
201a
201b
201c¢
301
301a
301b
301c
304
500
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First rail in second direction ()

Second rail in second direction (Y)

Access opening

First port column (drop-off port column)

Second port column (pick-up port column)

Prior art central cavity storage container vehicle

Vehicle body of the central cavity storage container vehicle 201
First set of wheels, first direction (X)

Second set of wheels, second direction (V)

Prior art cantilever storage container vehicle

Vehicle body of the cantilever storage container vehicle 301
First set of wheels, first direction (X)

Second set of wheels, second direction (V)

Gripping device

Control system

First direction

Second direction

Third direction
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CLAIMS

1. A height-adjustable storage container (6), comprising:

- a lower container frame (10) comprising a base (11) and four lower walls (12)
extending from the base (11);

- an upper container frame (20) comprising four upper walls (22), wherein each of
the upper walls (22) at least partially overlaps a respective one of the four lower
walls (11);

wherein the storage container (6) comprises a connection structure (30) for
connecting the lower container frame (10) and the upper container frame (20)
together, and which allows the relative positioning of the lower container frame
(10) and the upper container frame (20) to be adjusted to change the height of the
height-adjustable storage container (6).

2. The height-adjustable storage container (6) according to 1, wherein the
connection structure (30) comprises:

- a first tube (23) attached to one of the lower container frame (10) or upper
container frame (20);

- a second tube (13) being smaller than the first tube, attached to the other of the
lower container frame (10) or upper container frame (20),

- wherein the first tube (23) is received at least partially over the second tube (13).

3. The height-adjustable storage container (6) according to claim 2, wherein the
connection structure (30) comprises:

- a third tube (17) being larger than the first tube (23),

- wherein the second tube (13) and third tube (17) are arranged coaxially, with the
second tube (13) inside the third tube (17),

- wherein the first tube (13) is received at least partially within a space (15) formed
between the second tube (13) and the third tube (17).

4. The height-adjustable storage container (6) according to claim 2, 3 or 4,
comprising a fastener (32) retained at least partially within a bore (24) of the first
tube (23), the fastener comprising threads which engage an inner threaded bore (14)
of the second tube (13).

5. The height-adjustable storage container (6) according to claim 4, wherein the first
tube (23) comprises an annular projection or annular groove (26) for retaining the
fastener (32), and the fastener (32) comprises a corresponding annular groove or
annular projection (36).
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6. The height-adjustable storage container (6) according to claim 4 or 5, wherein
the fastener comprises a tool interface (35) at one or both ends of the fastener.

7. The height-adjustable storage container (6) according to claim 4, 5 or 6, wherein
the storage container (6) comprises a retrievable locking pin (37a; 37b) for locking
the lower container frame (10) to the upper container frame (20).

8. The height-adjustable storage container according to claim 1, wherein the
connection structure (30) comprises:

- a received wall portion being a portion of one of the lower container frame (10) or
upper container frame (20);

- a double-walled portion being a portion of the other of the lower container frame
(10) or upper container frame (20), the double-walled portion comprising two
parallel walls spaced by a gap, the gap being sized to receive the received wall;

- a set of vertically spaced first through-holes (28) in the double-walled portion;

- a set of vertically spaced second through-holes (18) in the received wall;

- wherein relative motion of the upper container frame (10) and lower container
frame (20) causes different through-holes (18, 28) in the double-walled portion and
received portion to be brought into alignment;

- wherein the connection structure (30) further comprises a fastener (32) configured
to pass through the aligned through-holes (18, 28), to fix the relative position of the
upper container frame (10) and lower container frame (20).

9. The height-adjustable storage container (6) according to claim 8, wherein the
storage container (6) comprising a locking pin (37) for engaging the fastener (32).

10. The height-adjustable storage container according to claim 1, wherein the
connection structure (30) comprises a rack-and-pinion, with the rack being provided
on one of the lower container frame (10) and upper container frame (20), and the
pinion being provided on the other of the lower container frame (10) and upper
container frame (20).

11. The height-adjustable storage container according to any preceding claim,
wherein the lower container frame (10) comprises a lower stacking interface (LSI)
and the upper container frame (20) comprises an upper stacking interface (USI);
thereby allowing the height-adjustable storage container (6) to be stacked above or
below similar or identical storage containers (6); and

wherein the upper container frame (20) comprises a upper vehicle connection
interface (CI), thereby allowing the height-adjustable storage container (6) to be
lifted via the upper vehicle connection interface (CI).
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12. An automated storage and retrieval system (1) for storing and retrieving product
items (80) stored in storage containers (6, 106), wherein the system (1) comprises:
- a framework (100) with upright members (102) and horizontal members (103);

- a storage volume comprising storage columns (105) between the members (102,
103), where the storage containers (6, 100) are stackable in stacks (107) within the
storage columns (105);

- a rail system (108) above the framework (100);

- a port (90) wherein product items (80) are retrieved from and/or supplied to the
storage container (6, 106);

- container handling vehicles (201, 301) moving along the rail system (108) for
transporting the storage containers (6, 106) between the storage columns (105) and
the port (90);

characterized in that the system (1) comprises:

- a tool (93) configured to adjust the height of a height-adjustable storage container
(6) according to a filling level (FL) of the height-adjustable storage container (6).

13. Automated storage and retrieval system (1) according to claim 1, where the tool
(93) is located at the port (90).

14. Automated storage and retrieval system (1) according to claim 12 or 13, wherein
the tool (93) comprises:

- a filling level detector (94) for detecting the filling level (FL) of the height-
adjustable storage container (6);

wherein the tool (93) is configured to adjust the height of an adjustable storage
container (6) based on information from the filling level detector (94).

15. Automated storage and retrieval system (1) according to any one of claims 12 -
14, wherein the system further comprises a control system (500), wherein a
parameter representative of the height of the height-adjustable storage container (6)
is stored within the control system (500) for each height-adjustable storage
container (6).

16. Automated storage and retrieval system (1) according to any one of claims 12 -
15, wherein the control system (500) is configured to determine the storage column
(105) in which the storage container (6) is to be stored in, based on the parameter
representative of the height of the height-adjustable storage container (6).

17. Automated storage and retrieval system (1) according to any one of claims 12 -
16, wherein the height-adjustable storage container (6) is a height-adjustable storage
container (6) according to any one of claims 1 — 11.

18. A method of storing a height-adjustable storage container (6) in an automated
storage and retrieval system (1) comprising:
- measuring the filling-level (FL) of the height-adjustable storage container (6) of
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the automated storage and retrieval system (1);
- adjusting the height of the height-adjustable storage container (6) at the port
according to the measured filling-level.
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