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(57) Abstract

Method and system for storing and transporting a
plurality of storage bins 4 to and from an upper 14
and a lower 16 location of a three dimensional
storage grid, whichis constructed by columns
interconnected by top rails. The system comprises
a movable continuous chain 12 running from the
upper 14 location to the lower 16 location of said
storage grid. The chain 12 comprises
compartments 18 fitted for holding the bins 4.
Robot vehicles 2 are running on the upper 14
location of the storage grid. These are adapted for
loading and unloading bins 4 from the ;
compartments 18 in the chain 12. A control system 1
is adapted for controlling loading and unloading of

the bins 4 from the compartments 18 in the chain i [l
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TECHNICAL FIELD

The present invention relates to the field of automated logistics and storage systems.
More specifically the invention relates to a system and method for effectively
storing and transporting boxes from one location to another.

BACKGROUND

The applicant's already known AutoStore © system is a storage system comprising a
three-dimensional storage grid wherein storage bins are stacked on top of each other
to a certain height. WO 2014075937 A1 describes this storage system with a storage
grid constructed by aluminium columns interconnected by top rails. A number of
self-driven robot vehicles are moving horizontally on rails arranged on the top of the
storage grid.

Each vehicle is equipped with hoisting gear for picking up, carrying, and placing
bins that are stored in columns of the storage grid. Each bin may hold different
types of articles.

The system also comprises delivery and/or supply stations, where one or several
articles are picked out from a storage bin or where one or several items are filled
into a storage bin.

When an article is to be retrieved from a bin, the robot vehicle is arranged to pick
up the storage bin containing the article and transport it to a bin lift device. The bin
lift device will transport the storage bin to a delivery station, where the article is
retrieved from the storage bin. The storage bin, typically having remaining articles,
is thereafter returned to the storage grid by means of the bin lift device and a robot
vehicle.

The same procedure is used for refilling and storing items into the storage grid.
First, items are filled into a storage bin at a supply station, normally at the same
location as the delivery station. The bin lift device is then lifting the storage bin up
to the upper level where a robot vehicle is transporting the storage bin into its
destination in the storage grid.

A storage control and communication system may be used to monitor inventory,
location of storage bins (within the storage grid and/or during transport), charge
level of robot vehicles, etc. The storage control and communication system may
further be provided with communication means for controlling the traffic of robot
vehicles for avoiding collision.

During busy periods, several robot vehicles will operate simultaneously. One or
more robots will then likely have to wait near the lift device before the lift is ready
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to be loaded or unloaded with a specific bin for delivery from or to a supply station.
This will degrade the efficiency of the storage system.

This can be addressed by installing several lifts operating simultaneously. Such a
configuration will however result in an undesired increase in system complexity,
and each additional lift will occupy at least two columns of the storage grid, thereby
reducing the available space.

Hence, it is an object of the present invention to provide a more time and cost-
efficient storage system.

SHORT DESCRIPTION OF THE INVENTION
The present invention is set forth and characterized in the main claims.

In particular, the present invention comprises a storage system for storing and
transporting a plurality of storage bins to and from an upper and a lower location of
a three-dimensional storage grid which is constructed by columns interconnected by
top rails.

The system comprises a movable continuous chain running from the upper location
to the lower location of said storage grid. The chain comprises compartments fitted
for holding the bins.

The system further comprises robot vehicles running on the upper location of the
storage grid, said vehicles are adapted for loading and unloading bins from the
compartments in the chain.

A control system is adapted for controlling the loading and unloading of the bins
from the compartments in the chain. The control system comprises a master
controller connected to a first and second control system, said first control system
controlling the movements and actions of each robot vehicle, and said second
control system controlling the movable chain, and where the master controller is
adapted for controlling the speed of the movable chain relative to the positions of
the robot vehicles for providing optimal speed of loading/unloading and utilization
of each compartment in the movable chain.

Further features and embodiments of the system are defined in the claims.

The invention is also defined by a method for storing and transporting a plurality of
storage bins to and from an upper and a lower location of a three-dimensional
storage grid constructed by columns interconnected by top rails.
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The method is characterised by providing a movable chain running from the upper
to the lower location of said storage grid, and fitting said chain with compartments
for holding the bins.

The method is further characterised by providing robot vehicles for running on the
upper location of the storage grid, loading and unloading bins from the
compartments in the chain by means of said vehicles.

A control system, comprising a master controller and a first and second controller,
is then provided for controlling the loading and unloading of the bins to and from
the compartments in the chain.

Controlling is performed by letting the master controller control the first controller
for controlling the movements and actions of each robot vehicle, and the second
controller for controlling the movable chain, and further letting the master
controller control the speed of the movable chain relative to the positions of the
robot vehicles for providing optimal speed of loading/unloading and utilization of
each compartment in the movable chain.

Further features of the method are defined in the claims.

DETAILED DESCRIPTION
The invention will now be described in detail with reference to the figures, where:

Fig. 1 shows an illustration of a storage grid comprising a transporting system
according to the present invention, and

Fig. 2 shows lift device installed in the storage grid where the lift device comprises
a chain of compartments for holding bins.

Figure 1 shows the storage and transporting system 1 for storing and transporting a
plurality of storage bins 4 to and from an upper and a lower location of a three-
dimensional storage grid 8 constructed by columns interconnected by top rails.

The system 1 comprises a plurality of robot vehicles 2 configured to move on
dedicated supporting rails 3 and to receive a storage bin 4 from a storage column 7
within a bin storage grid 8. The system 1 has a dedicated bin lift device, shown in
figure 2, comprising a movable continuous chain 12 with compartments 18 fitted for
holding bins 4. Each compartment 18 is arranged to receive a storage bin 4 from a
robot vehicle 2 operating at the top level of the storage system 1 and to convey the
storage bin 4 down in a vertical direction to a supply station 10. The robot vehicle 2
retrieves a storage bin 4 by using a lifting frame connected to the robot vehicle 2 by
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a wire or belt. The lifting frame comprises attachment means for connection to a
storage bin 4.

The movable continuous chain 12 comprising the compartments 18 is running from
an upper location 14 to a lower location 16 of said storage grid 8.

In one embodiment, the continuous chain 12 run continuously in the same direction
for loading and unloading bins 4 to and from a supply station 10. In another
embodiment, the chain 12 may be controlled to adjust its speed and direction based
on control signals. The arrows pointing upward and downwards in figure 2 indicates
a direction of the chain 12. Bins 4 that are placed in compartments 18 mowing
upwards are to be picked up and stored by means of a robot vehicle 2, and bins 4 in
compartments 18 moving downwards contain bins with articles to be delivered at
the supply station 10.

In one embodiment, the continuous movable chain 12 is installed in two columns of
the storage grid 8. In another embodiment, it is installed in three columns. Driving
gear for driving the chain 12 can then be constructed more robust, and each bin can
be loaded with more weight.

The system further comprises at least one, preferably several, robot vehicles 2
running on the upper location of the storage grid 8. These vehicles 2 are adapted for
loading and unloading bins 4 from the compartments 18 in the chain.

The full potential of the invention is realized when several robot vehicles 2 are used
during a period with heavy demand for articles stored in bins 4, or articles to be
stored in bins 4.

The interaction between the movable continuous chain 12 and the robot vehicles 2
has to be controlled. The storage system 1 therefor further comprises a control
system adapted for controlling the loading and unloading of the bins 4 to and from
the compartments 18 in the chain.

This interaction requires very precise information of the location of each robot
vehicle 2 relative to each compartment 18 of the chain.

According to one embodiment of the invention this is achieved by equipping the
system 1 with detecting means for detecting the position of the compartments 18 of
the movable chain relative to the upper location on the storage grid 8 where bins 4
are loaded or unloaded. Different types of sensor may be used for this purpose, e.g.
optical or magnetic sensors.

The upper location on the storage grid 8 is where the robot vehicles 2 are operating.
When an article is ordered, the bin 4 holding the article will be picked up by a
mobile vehicle 2 and placed in a compartment 18 of the chain 12. This action has to
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be synchronised such that the bin 4 is placed in the compartment 18 only when the
compartment 18 is fully exposed, 1.e. open.

In one embodiment of the invention, the storage system 1 comprises is a master
control system connected to a first control system controlling the movements and
actions of each robot vehicle 2. It is further connected to a second control system
controlling the movements of the movable chain. In this way, the master control
system may at least have information about the location and speed of each mobile
vehicle 2 as well as the movements of the chain with compartments 18.

In a preferred embodiment, the master control system will adjust the speed of the
continuous chain according to current speeds and locations of robot vehicles 2
picking up or delivering bins 4 to and from compartments 18 of the chain. The
traffic of robot vehicles 2 is determined by current demand of articles related to
storing and ordering.

The master control system may also override the control system of the robot
vehicles 2 for optimizing and synchronising movements of the vehicles 2 relative to
speed of the chain and the position of compartments 18 ready to be loaded or
unloaded.

For optimal utilization of the capacity of the storage system 1, the master control
system is connected to a sensor detecting the position of a compartment 18 relative
to the upper location on the storage grid 8. The master control system can then
control the speed of the movable chain relative to the positions of the robot vehicles
2 loading or unloading bins 4 to and from compartment 18 of the chain. In this way,
optimal speed of loading/unloading and utilization of each compartment 18 in the
movable chain will be provided.

The master control system is connected to several other control systems. As already
mentioned, it is connected to a first control system controlling the movements and
actions of each robot vehicle 2, and a second control system controlling the
movements of the movable chain 12. It is further connected to a storage control and
communication system monitoring inventory of, and location of storage bins 4
within the storage grid §.

Software running on the master control system will receive input from all systems
connected to the master system and based in such input data control the movements
of the continuous chain for optimal efficiency of transporting bins 4 to and from a
delivery/supply station.

A robot vehicle 2 running on the top of the storage grid 8 may comprise a hoisting
gear, for picking up, carrying, and placing bins 4, that is located on the side of the
main body of the vehicle 2. This construction will cover the area of two columns.
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When such a vehicle 2 is to load/unload a bin 4 to and from a compartment 18 of
the chain, the main body of the vehicle 2 will have to be positioned on top of a row
next to a row carrying the continuous chain with the compartments 18.

In another embodiment requiring less area, a robot vehicle 2 may comprise a
hoisting gear that is integrated in the main body of the robot vehicle 2. This
construction will cover the area of one column. When such a vehicle 2 is to load or
unload a bin 4 to and from a compartment 18 of the chain, the main body of the
vehicle 2 will have to be positioned on top of a row carrying the continuous chain
with the compartments 18. A vehicle 2 covering the area of only one column will
provide a more flexible solution where other vehicles 2 will have access to all
columns next to a vehicle 2.

Both type of robot vehicle 2 may operate in the storage system 1 according to the
invention, including a mix of these.

In a fully operating system according to the present invention, the speed, start and
stop of the continuous chain will be adjusted according to locations of the robot
vehicles 2 picking up and delivering bins 4.

By reducing the number of bin lift devices used in the storage system to a minimum
and even increasing the capacity of delivering and retrieving bins to and from a
supply station, the present invention provides a solution that is faster and more cost
efficient than prior solutions.

The invention is also defined by a method for storing and transporting a plurality of
storage bins to and from an upper and a lower location of a three-dimensional
storage grid constructed by columns interconnected by top rails.
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CLAIMS

1. A storage system (1) for storing and transporting a plurality of storage bins
(4) to and from an upper and a lower location of a three-dimensional storage
grid (8) constructed by columns interconnected by top rails, comprising:

- amovable continuous chain (12) running from the upper location (14)
to the lower location (16) of said storage grid (8), said chain (12)
comprises compartments (18) fitted for holding the bins (4);

- robot vehicles (2) running on the upper location of the storage grid
(8), said vehicles (2) are adapted for loading and unloading bins (4)
from the compartments (18) in the chain (12);

- acontrol system adapted for controlling the loading and unloading of
the bins (4) from the compartments (18) in the chain (12), the control
system comprising a master controller connected to a first and second
control system, said first control system controlling the movements
and actions of each robot vehicle (2), and said second control system
controlling the movable chain (12), and where the master controller is
adapted for controlling the speed of the movable chain (12) relative to
the positions of the robot vehicles (2) for providing optimal speed of
loading/unloading and utilization of each compartment (18) in the
movable chain.

2. The storage system (1) according to claim 1, where the movable chain (12) is
installed in two columns of the storage grid (8).

3. The storage system (1) according to claim 1 or 2, further comprising
detecting means for detecting the position of the compartments (18) of the
movable chain (12) relative to the upper location on the storage grid (8)
where bins (4) are loaded/unloaded.

4. A method for storing and transporting a plurality of storage bins (4) to and
from an upper and a lower location of a three-dimensional storage grid (8)
constructed by columns interconnected by top rails, by:

- providing a movable chain (12) running from the upper to the lower
location of said storage grid (8), and fitting said chain (12) with
compartments (18) for holding the bins (4);



10

15

20

- providing robot vehicles (2) for running on the upper location of the
storage grid (8), loading and unloading bins (4) from the
compartments (18) in the chain (12) by means of said vehicles (2);

- providing a control system, comprising a master controller and a first
and second controller, for controlling the loading and unloading of the
bins (4) to and from the compartments (18) in the chain (12);

- letting the master controller control the first controller for controlling
the movements and actions of each robot vehicle (2), and the second
controller for controlling the movable chain (12);

- letting the master controller control the speed of the movable chain
(12) relative to the positions of the robot vehicles (2) for providing
optimal speed of loading/unloading and utilization of each
compartment (18) in the movable chain.

5. The method according to claim 4, by further providing detecting means for
detecting the position of the compartments (18) of the movable chain (12)
relative to the upper location on the storage grid (8) where bins (4) are
loaded/unloaded.

6. The method according to claim 5, by letting the storage system operate
autonomously.
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PATENTKRAV

1.

Lagringssystem (1) for lagring og transportering av et flertall
lagringsbeholdere (4) til og fra en gvre og en nedre lokasjon (14, 16) i en
tredimensjonal gitterstruktur (8) for lagring konstruert av kolonner forbundet
med skinner pa gvre del, omfattende:

- et bevegelig kontinuerlig kjede (12) som gar fra den gvre lokasjonen
(14) til den nedre lokasjonen (16) 1 gitterstrukturen (8) for lagring,
hvor nevnte kjede (12) omfatter rom (18) tilpasset for a holde
lagringsbeholdere (4);

- robot kjgretgy (2) som kjgrer pa den gvre delen til gitterstrukturen
(8), hvor nevnte kjgretgy (2) er tilpasset for a laste og losse
lagringsbeholdere (4) fra rommene (18) 1 kjedet (12);

- et kontrollsystem tilpasset for a styre lasting og lossing av
lagringsbeholdere (4) fra rommene (18) i1 kjedet (12), hvor
kontrollsystemet omfatter en master kontroller forbundet til et fgrste
og andre kontrollsystem, hvor nevnte fgrste kontrollsystem styrer
bevegelser og handlinger til hvert robot kjgretgy (2), og hvor nevnte
andre kontrollsystem styrer det bevegelige kjedet (12), og hvor
masterkontrolleren er tilpasset til a styre hastigheten til det bevegelige
kjedet (12) relativt til posisjoner til robot kjgretgy (2) for a
tilveiebringe optimal hastighet for lasting/lossing og utnyttelse av
hvert rom (18) i det bevegelige kjedet (12).

2. Lagringssystemet (1) 1 henhold til krav 1, hvor det bevegelige kjedet (12) er

installert i to kolonner 1 gitterstrukturen (8) for lagring.

Lagringssystemet (1) i henhold til krav 1 eller 2, som videre omfatter
deteksjonsmidler for a detektere posisjonen til rommene (18) til det
bevegelige kjedet (12) relativet til den gvre lokasjonen (14) til
gitterstrukturen (8) for lagring hvor lagringsbeholdere (4) blir lastet/losset.

Fremgangsmate for lagring og transportering av et flertall lagringsbeholdere
(4) til og fra en gvre og en nedre lokasjon (14, 16) i et tredimensjonalt
lagringssystem (1) med gitterstruktur (8) for lagring konstruert av kolonner
forbundet med skinner pa gvre del, omfattende:

- atilveiebringe et bevegelig kontinuerlig kjede (12) som gar fra den
gvre lokasjonen (14) til den nedre lokasjonen (16) 1 gitterstrukturen
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(8), og a tilpasse nevnte kjede (12) med rom (18) for a holde
lagringsbeholdere (4);

- atilveiebringe robot kjgretgy (2) for a kjgre pa den gvre delen til
gitterstrukturen (8), 4 laste og losse lagringsbeholdere (4) fra
rommene (18) i kjedet (12) ved hjelp av nevnte kjgretgy (2);

- atilveiebringe et kontrollsystem som omfatter en master kontroller og
en fgrste og andre kontroller for a styre lasting og lossing av
lagringsbeholdere (4) til og fra rommene (18) i kjedet (12);

- a la master kontrolleren styre den fgrste kontrolleren for a styre
bevegelser og handlinger til hvert kjgretgy (2), og den andre
kontrolleren for a styre det bevegelige kjedet (12);

- ala masterkontrolleren styre hastigheten til det bevegelige kjedet (12)
relativt til posisjoner til robot kjgretgy (2) for a tilveiebringe optimal
hastighet for lasting/lossing og utnyttelse av hvert rom (18) i det
bevegelige kjedet (12)

5. Fremgangsmaten i henhold til krav 4, videre omfattende a tilveiebringe
deteksjonsmidler for a detektere posisjonen til rommene (18) til det
bevegelige kjedet (12) relativt til den gvre lokasjonen i gitterstrukturen (8)
for lagring hvor lagringsbeholdere (4) blir lastet/losset.

6. Fremgangsmaten i henhold til krav 5, videre omfattende a la
lagringssystemet (1) operere autonomt.
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