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A DRIVE MODULE FOR A VEHICLE AND A VEHICLE ASSEMBLED FROM A SET
OF MODULES

TECHNICAL FIELD

The invention relates to a drive module for a vehicle and a vehicle assembled from a

set of modules according to the appended claims.

BACKGROUND

Vehicies of today are typically manufactured for a specific purpose, e.¢. a bus is man-
ufactured for transporting people and a truck is manufactured for transporting goods.
Such vehicles are typically manufactured and completely assembled in a faciory or
they may be partly assembled in a factory and completed at a body manufacturer.
Once the vehicle is assembled, the vehicie may be used for the specific purpose. Thus,
a bus may be used as a bus and a garbage truck may be used as a garbage fruck.
Different vehicles are thus needed for different purposes, which may require a large
fleet of vehicles and which may be very costly. it may therefore be desired {o be able

o customize a vehicle depending on different missions.

There are, for example, known solutions where a fruck can be rebuilt by changing a
concrete mixer to a lcading platform. This increases the flexibility and two different
functions can be achieved by means of one single vehicle. Also, document US-
2016/0129958 A disciosas a modular slectric vehicle using interchangeable vehicle
assembly moduies. The user can thereby disassemble and reassembile the vehicle for
use in different applications. Disassembling and reassembling such a vehicle would,
however, be a very cumbersome and time consuming work. Furthermore, when a fail-
ure occurs in one of the known vehicle modules it may be difficult to replace the failing
maodule, which may result in that the vehicle may be unusable for a considerable period
of time. it may also be cumbersome to transport the replacing module o the site of the

vehicle with the failing module.
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SUMMARY

Despite known solutions in the art, it may be desired to develop a modular vehicle

which may be assembled and disassembled easily and in a short period of ime.

An object of the invention is therefore to achieve a modular vehicle, which can be as-

sembled and disassembled in a more time efficient and easier way.

Another object of the invention is to achieve a drive module for a modular vehicle,

which enables quicker and easier assembly and disassembly of the vehicle.

Another object of the invention is to achieve a vehicle module, which can be easiiy

replaced in case of failure.

The herein mentioned objects are achieved with the above-mentioned drive module

according to the appended claims.

The drive module is adapted to be releasably connected to a functional module for
forming an assembled vehicle. The drive module comprises at least a pair of wheels,
at least one propulsion unit connected to the pair of wheels, at least one energy storage
unit for providing the propulsion unit with energy, and a control device configured to
operate the drive module as an independently driven unit. The drive module comprises
at least two interfaces for releasable connection with a functional module, each inter-

face being arranged on different sides of the drive module.

By having a drive module configured to be operated as an independently driven unit
by means of the control device, a modular vehicle may quickly and easily be asserm-
bled and disassembled, without manual work. Thus, the flexibility to assemble different
types of vehicles intended for different missions will be possible. Instead of having a
fleet of different types of vehicles, which may be used for different purposes, at least
one drive module according to the invention may be used together with different func-
tional modules. The functional modules may be designed for specific purposes. Therg-

fore, by combining a drive module with a suitable functional module, it is possible to
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customize a vehicle depending on different missions. A functional module may be pre-
pared to perform a specific function and the drive module may, as an independently
driven unit, connect with the functional module to achieve an assembled vehicle cus-
tomized for a certain mission. By having at least two interfaces for connection with a
functional module on at least two different sides of the drive module, the drive module
can be connected to a functional module in various ways and the flexibility is increased.
One of the at least two interfaces on the drive module can be connected to the func-
tional module. The other interface or interfaces may be connected to something else,
such as another drive module. The other interface or interfaces may alternatively not
be connected to another module. As a resuit, a large flest of different vehicles can be
achievad by quickly and easily connecting/disconnecting at least one drive module with

different functional modules.

The above-mentioned objects are also achieved by a vehicle assembled from a set of

modules according to the appended claims.

The vehicle assembled from a set of modules comprises at least one functional mod-
ule, wherein the functional module is configured for accommodating or supporting a
load. The vehicle further comprising at least one drive module as disclosed herein,

wherein the drive module is releasably connected with the functional module.

Such a vehicle assembled from a set of modules may be configured to be operated as
an independently driven vehicle by means of the drive module. The assembly and dis-
assembly of the vehicle is facilitated and more time efficient by means of the drive
module being operated as an independantly driven unit. Instead of having a fleet of
different types of vehicles, which may be used for different purposes, different types of
vehicles intended for different missions may be assembled from the set of modules.
The set of modules may comprise several different functional modules, which may be
designed for specific purposes. Therefore, by combining at least one drive moduie with
a suitable functional module, it is possible to customize a vehicle depending on differ-
ent missions. Since the assembly is easier and quicker, assembly and disassembly of
a vehicle may be performed more frequently. This way, a plurality of different vehicle

types may be assembled from the set of modules during a day. For example, during
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daytime at least one drive module may be connected with a functional module to as-
semble a vehicle functioning as a bus and during the night, when there is no need for
a bus, the same drive module may be used to assemble a vehicle functioning as a
garbage truck. Because one and the same module can be used in various different
types of vehicles the utilization of the modules can be optimized. Furthermore, in the
event of errors, damages or breakage of a drive module, the failing drive module can
easily be disconnected and removed from the vehicle and be repaired/fixed. The failing
drive module can quickly be replaced with a replacing drive module and the assembled
vehicle can thus continue its operation. instead of having to use another vehicle to
transport the replacing drive module o the site of the vehicle, the replacing drive mod-
ule may transport itself, as an independently driven unit, o the site of a vehicle with
the failing moduie. The vehicle off road (VOR) time will thereby be reduced and the

utilization of the vehicle will increase.

Additional objectives, advantages and novel features of the invention will be apparent
to one skilled in the art from the following details, and through exercising the invention.
While the invention is described below, it should be apparent that the invention may
not be limited to the specifically described details. One skilled in the art, having access
to the teachings herein, will recognize additional applications, modifications and incor-

porations in other areas, which are within the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Below is a description of, as examples, preferred embodiments with reference to the

enclosed drawings, in which:

Fig. 1a schematically illustrates a side view of a drive module according to an embod-

iment;

Fig. 1b schematically illustrates a front view of a drive module according to an embod-

iment;

Fig. 1c schematically illustrates a view from above of a drive module according to an

embodiment;
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Fig. 2 schematically illustrates a drive module in a section view along line | — | in fig.

1c;

Figure 3a schematically illustrates a side view of a drive module and a functional mod-

ule according to an embodiment;

Figure 3b schematically illustrates an assembled vehicle according to an embodiment;

Figure 4a schematically illustrates a side view of two drive modules and a functional

module according to an embodiment;

Figure 4b schematically illustrates an assembled vehicle according to an embodiment;

and

Figures 5a — 5d schematically illustrates assembled vehicles according to different em-

bodiments.

DETAILED DESCRIPTION

To be able to meet customers’ different vehicle needs in a flexible and cost efficient
way, a drive module and a modularised vehicle have been developed. A modularised
vehicle according to the present disclosure may be assembled at the customer’s prem-
ises and the customer may thus buy a set of modules from a manufacturer. The drive
module and the modularised vehicle as described herein may be applicable on all sorts
of land vehicles, such as road vehicles and off-road vehicles. Thus, the disclosure may
relate to heavy vehicles, such as buses, trucks etc. Specifically, the present disclosure

may relate to vehicles for use on public roads.

According to an aspect of the present disclosure a drive module for a vehicle is pro-
vided, wherein the drive module is adapted to be releasably connected to a functional
module for forming an assembled vehicle, the drive module comprising: at least a pair
of wheels; at least one propulsion unit connected to the pair of wheels; at least one
energy storage unit for providing the propulsion unit with energy; a control device con-

figured to operate the drive module as an independently driven unit; and at least two
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interfaces for connection with a functional module, each interface being arranged on

different sides of the drive module.

Since the drive module may be configured to be operated as an independently driven
unit by means of the control device, the drive module may be connected with, or dis-
connected from, the functional module without manual work. The drive module thereby
enables a time efficient and facilitated assembly and disassembly of a modular vehicle.
Thus, the flexibility to assemble different types of vehicles intended for different mis-
sions will be possible. Instead of having a fleet of different types of vehicles, which may
be used for different purposes, at least one drive module according to the disciosure
may be used togsther with different functional modules. The functional modules may
be designed for specific purposes. Therefore, by combining a drive moduie with a suit-
able functional module, it may be possible {o customize a vehicle depending on differ-
ent missions. A functional module may be prepared for a specific mission and the drive
module may, as an independently driven unit, drive and transport itself to that func-
tional module. As a result, a large fleet of different vehicles may be achigved by easily,
and in a short period of time, connecting at least one drive module with different func-
tional modules. Thus, such a large fleet of different vehicles may be handied very time
efficient. By having at least two interfaces for connection with a functional module on
at least two different sides of the drive module, the drive module can be connected to
a functional module in various ways and the flexibility is increased. The interfaces of
the drive module may be releasably connectable to a corresponding interface on a
second drive module and/or a functional module. By having at least two interfaces, it
IS possible to arrange and connect the drive module in at least two different ways in
relation to the second drive module and/or the functional module. Also, the drive mod-
ule comprising at least two interfaces enables simultaneous connection with at least
two other modules, such as two functional modules. One functional module may be
connected to one of the interfaces of the drive module and another functional module
may be connected to the other interface of the drive module. Thus, one of the at least
two interfaces on the drive module can be connected to the functional module. How-
ever, one or more of the other interfaces of the drive module may alternatively not be
connected to another module when one of the interfaces of the drive module is con-

nected to a module, such as a function module.
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A failing drive module may be easily replaced by operaling the failing drive module as
an independently driven unit to disconnect and remove the failing drive module from
the functional module. When the drive module has been disconnected, another drive
module may be connecied o the functional module. The replacing drive module may
easily be driven and transported by itself, as an independently driven unit, to the site

of a vehicle with the failing module.

According to an example the drive module has only one pair of wheels. A drive module
with only one pair of wheels may have good manoeuvring abilities. The drive module
may turn about a vertical axis that extends between the two wheels. The design of the
drive module may also be very compact when only two wheels are arranged at the
drive module. With the drive module having only two wheels, typically two drive mod-
ules are needed to assemble a vehicle, depending on whether the functional module

comprises wheels or not.

The pair of wheels may be arranged at the drive module, such that a centre axis of
each wheel coincides with each other. Each wheel has a centre axis and may be ar-
ranged at the drive module so that each wheel may rotate about its centre axis. The
centre axis of each wheel may thus be referred to as the rotational axis of each wheel.
The centre axis of the wheels coinciding means that the centre axis of the wheels are
aligned. By having the centre axis of each wheel coinciding with each other the drive
module has good manoeuvring abilities. Also, the drive module may be able to make
a pivoting movement about the coinciding centre axis of the two wheels. Thus, the
drive module may be configured to pivot about the common centre axis of the two
wheels. This pivoting movement of the drive module may be useful when connecting
and disconnecting the drive module with other modules. The control device configured
to operate the drive module as an independently driven unit may be configured to con-

trol the pivoting movement of the drive module.

The propulsion unit of the drive module may be an electric machine, connected to the
wheels. The pair of wheels of the drive module may thus be referred to as drive wheels.
In one example, the drive module comprises two electrical machines, one connected

to each wheel. The electric machines may be arranged in the rim of the wheels. The
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wheels of the drive module may thus be driven independently of each other. The elec-
tric machines may also work as generators and generate electric energy when braking
the wheels. The drive module may also comprise a steering system connected to the
wheels. This way, the drive module is steerable. The drive module may also comprise
a brake system for braking the wheels. The brake system may comprise a wheel brake
for each wheel of the drive module. Redundancy is achieved in that the drive module
can be steered by means of the electrical machines and/or the wheel brakes in the

event that the steering system malfunctions.

The drive module may comprise a body and the pair of wheels may be arranged on
two opposite sides of the body of the drive module. The body may have a first and a
second side, which are facing in opposite directions. The body may have a third and a
fourth side, which are facing in opposite directions, wherein the third side and the fourth
side extend perpendicularly to the first and the second sides. The body may also have
a fifth and a sixth side, which are facing in opposite directions. The fifth and the sixth
sides may extend perpendicularly to the first and the second sides and the third and
fourth sides. The first and the second sides may be referred to as side surfaces. The
third and the fourth sides may be referred to as front and rear surfaces respectively.
The fifth side may be referred to as a top surface and the sixth side may be referred to
as a bottom surface. The sides may have a shape that are flat or curved and may be
shaped with indentations and protrusions. Instead of the perpendicularly extension of

the sides described above, the sides may extend at any angle in relation to each other.

According to an example, the interfaces on the drive module are identical. According
to an example, the drive module comprises an interface for connection with the func-
tional module on a front surface of the drive module and on a rear surface of the drive
module. The same drive module can thereby be connected to a front section of a func-
tional module and to a rear section of a functional module, without having to turn the
drive module around. Additionally or alternatively, the drive module may comprise an
interface on a top surface or a bottom surface of the drive module. The interfaces of
the drive module may also be configured for connection with another drive module.
Thus, the interfaces of the drive module may be adapted for connection with a func-

tional module and another drive module. By using identical interfaces which can be
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used for connection with another drive module as well as a functional module, the flex-

ibility of the drive module increases and the assembly of a vehicle is facilitated.

According to an example, the control device of the drive module is adapted to receive
instructions to configure the drive module based on a function to be performed by the
assembled vehicle. The drive module may thus be adapted to be dynamically config-
ured. The drive module being adapted to be dynamically configured means that the
configuration of the drive module is non-static and the drive module can thus be recon-
figured depending on various factors. The drive module may thus be adapted to be
configured in real time. The control device of the drive module may be adapted to
receive, from an off-board system, instructions to configure the drive module in a cer-
tain way, based on a function to be performed by the assembled vehicle. The drive
module may be adapted to receive configuration instructions before or when it has
been connected with a functional module and a vehicle thereby is assembled. The
drive module may also be adapted to receive configuration instructions partly before
or partly after it has been connected with a functional module. Thus, the drive module
may be adapted to be configured when it is connected to a functional module and thus
forms a part of an assembled vehicle. The off-board system may for example deter-
mine that certain suspension characteristics, certain brake settings and/or a certain
steering ratio are required for the function to be performed by the assembled vehicle.
Different configurations of the drive module may thus be required when the drive mod-
ule forms part of a vehicle performing the function of transporting people, transporting
goods, shovelling snow etc. The drive module may also be adapted to be dynamically
configured based on the surroundings in which the vehicle will perform its function.
Thus, different suspension characteristics may for example be required if the vehicle
will be operated in a rough terrain compared to if the vehicle will be operated on a
highway. The off-board system may thus transmit instructions to the control device of

the drive module, such that the control device configures the drive module accordingly.

According to an example, the control device is adapted to receive, from an off-board
system or remote operator, a configuration for the at least one drive module in the form
of instructions to configure the at least one drive module, wherein the configuration is

based on a function to be performed by the assembled vehicle, and further adapted to
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configure one or more characteristics of the at least one drive module according to the

received instructions.

The configuration instructions from the off-board system may also be based on the
selected functional module connected with the drive module. The off-board system
may be referred to as a control centre and may be geographically on a distance from
the modules. The drive module may thus be adapted to receive configuration instruc-
tions wirelessly. The off-board system may be adapted to receive information about
missions or functions to be performed and based on this mission/function initiate the
assembly of a vehicle. The off-board system may be implemented as a separate entity
or distributed in two or more physical entities. The off-board system may comprise one

or more computers.

According to an example, the control device of the drive module is adapted to store
at least one configuration of the drive module, which stored configuration is based on

a function to be performed by the assembled vehicle.

There may be configurations of the drive module, which are more common than other
configurations. Such configurations may be stored in the control device of the drive
module or in a separate memory connected to the control device. Thus, the control
device of the drive module may be configured to store a plurality of different configu-
rations for the at least one drive module, where each configuration is associated with
a certain type of assembled vehicle and/or a certain function to be performed by the
assembled vehicle. This way, when the control device knows which function module
to connect the drive module with, and thus which type of vehicle the drive module will
be part of, and/or when the control device knows which function the assembled vehi-
cle should perform, the stored configuration of the drive module associated with the
assembled vehicle and/or the function to be performed is used to configure the at
least one drive module. For example, if the at least one drive module is part of a gar-
bage truck, a specific stored configuration associated with such type of vehicle may
easily be brought from the control device or the memory connected to the control de-

vice.
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According to an example, the configuration is defined by configuration parameters as-
sociated with characteristics of the drive module including at least one of: suspension,

steering, braking and power outtake.

Depending on the function to be performed by the assembled vehicle, the characteris-
tics of the drive module may be configured based on the road and terrain characteris-

tics and the characteristics of the assembled vehicle.

According to an example, the drive module comprises at least one sensor for detecting
and registering objects in the surrounding of the drive module. The at least one sensor
may be a proximity sensor for detecting and registering the distance to objects, such
as vehicles, pedestrians and buildings. The control device of the drive module may be
arranged in communication with the at least one sensor. Based on information from
the at least one sensor, the drive module may be operated such that a safe distance

to the surrounding objects is maintained and accidents are avoided.

According to an example, the drive module is configured to be autonomously operated.
The drive module being autonomously operated means that the control device of the
drive module is configured to receive commands and instructions from the off-board
system and to execute these commands/instructions. The autonomously operated
drive module may thus be said to be self-operated based on received commands and
instructions from the off-board system. The autonomously operated drive module may
thus be self-operated without an on-board or off-board driver. The control device may
be adapted to convert the commands to control signals for controlling the systems and
components of the drive module and thereby control for example the steering and the
propulsion of the drive module. This way, the drive module is self-driven based on the
received commands and instructions. The control device may operate the drive module
autonomously also based on data from the at least one sensor, taking situations that

may happen during transportation into account.

According to an example, the control device is configured to receive commands from
the off-board system to autonomously connect the drive module with a functional mod-
ule. This way, the drive module is adapted to autonomously perform the connection

with the functional module. The connection with a functional module may thereby be
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performed without the need for manual work. Assembly of a vehicle may thereby be

performed in an easier and more time efficient way.

According to an example, the control device of the drive module is configured to control
the drive module through control signals received from a remotely located operator.
The operator may geographically be orientated close to, far away from or at any dis-
tance from the drive module. The drive module may thus be remote-controlled based
on the control signals. To remotely control the drive module may be specifically suitable
when the drive module should be moved a short distance. Then, an operator may,

wireless or conductively by wire, remotely control the drive module.

According to an example, the drive module is associated with a registration number.
The registration number of the drive module may constitute the registration number of
the assembled vehicle. The drive module may also comprise a vehicle identification
number (VIN). Each drive module may comprise a registration number and in the event
that two or more drive modules are used in an assembled vehicle, only one registration
number should be shown. The at least one drive module may thus receive instructions
to either show or not show the registration number. The registration number may be
presented on a digital screen on the drive module. In the event that the drive module
showing the registration number malfunctions, the registration number may be pre-
sented by another drive module of the assembled vehicle or the registration number
may be presented by a new drive module replacing the malfunctioning drive module.
Alternatively, the registration number may be displayed on a display of the functional

module.

According to an example, the control device of the drive module is configured to com-
municate with a second control device of the functional module. The functional module
may thus comprise a control device, which is referred to as a second control device.
The control device in the functional module will hereinafter be referred to as a second
control device. The control device of the drive module may also be configured to com-
municate with another drive module being a part of the same assembled vehicle. The
communication between the modules may be wireless or conductively by wire. The
wireless communication may be directly between the modules or via the off-board sys-

tem. The control device of the drive module may be configured to communicate with
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the second control device of the functional module. In case of a wireless communica-
tion between the control devices of the modules, each module may comprise a trans-
mitter and a receiver for the wireless communication. In case of a conductive commu-
nication between the control devices of the modules by wire, the functional module
may comprise a wire, which connects the interfaces of the functional module. When
the two drive modules are connected to the interfaces of the functional module the
control devices of the drive modules may communicate with each other and with the

control device of the functional module via the wire in the functional module.

According to an example, the control device is configured to receive, from the second
control device of the functional module, at least one configuration for the drive module,
wherein the at least one configuration is stored in the second control device of the
functional module and is based on a function to be performed by the assembled vehi-

cle.

There may be configurations of the drive module, which are more common than other
configurations. Such configurations may be stored in the second control device or in a
separate memory connected to the second control device. If the drive module and/or
the functional module receives information that the drive module and the function mod-
ule should be connected, the configuration based on the function to be performed by
the assembled vehicle may easily be brought from the second control device or the
memory in the functional module. When the drive module and the functional module
are connected, the control device of the drive module receives the stored configuration
from second control device of the functional module and the drive module is thereafter

configured based on a function to be performed by the assembled vehicle.

According to an example, the at least two interfaces are physical interfaces, arranged
to physically connect the drive module with the functional module and/or a second drive
module. The interfaces of the drive module may be releasably connectable to a corre-
sponding interface on the functional module. The physical interfaces may be arranged
to transfer load and torque. Such physical interfaces may be configured in different
ways, and may for example comprise coupling units adapted to engage, quick cou-
plings, hooks, cooperating protrusions and recesses or similar. It is to be understood

that the configuration of the physical interfaces is not part of the disclosure per se. The
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drive module may be adapted to push or pull the functional module depending on the

driving direction of the assembled vehicle.

According to an example, the at least two interfaces are electric interfaces, arranged
for transferring electric energy and/or transmitting electric signals between the drive
module and the functional module and/or a second drive module. The electrical inter-
face may be a wireless interface or a conductive interface. By connecting the drive
module and the functional module electrically the modules can transfer energy be-
tween each other and also share information. The drive module may, for example,
control parts of the functional module, such as opening and closing of doors, heating
and cooling. According to an example the at least two interfaces are combinations of
physical and electrical interfaces for connecting the drive module with a functional

module.

According to an example, the drive module comprises a separate closed cooling sys-
tem. The separate closed cooling system may be arranged for cooling the at least one
propulsion unit and the at least one energy storage unit. Provided with a separate
closed cooling system the drive module may be operated as an independently driven
unit, without any need of an external cooling arrangement. Thus, the drive module does
not have to share cooling system with any of the other modules of the assembled ve-
hicle. The separate closed cooling system may be based on a liquid coolant or based

on a forced flow of cooling air.

According to an example, the drive module is adapted to communicate with a traffic
system. The control device of the drive module may be adapted to communicate with
a traffic system. The communication between the control device of the drive module
and the traffic system may be performed via the off-board system. However, the com-
munication between the control device of the drive module and the traffic system may
alternatively, or in combination with the off-board system, be performed via sensors
arranged at the drive module or via receivers arranged on the drive module, which
receives signals wireless from transmitters arranged in the traffic system. The control
device of the drive module may thereby be able to determine the status of traffic lights,
determine if an accident has occurred and based on that determine a new route for the

drive module/vehicle etc. The control device of the drive module may be adapted to
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communicate directly with such a traffic system or it may be adapted to communicate

with such a traffic system via the off-board system.

The present disclosure also relates to a vehicle assembled from a set of modules, the
vehicle comprising at least one functional module; wherein the functional module is
configured for accommodating or supporting a load, the vehicle further comprising at
least one drive module as disclosed herein, which drive module is releasably con-

nected to the functional module.

Such a vehicle assembled from a set of modules may be configured to be operated as
an independently driven vehicle by means of the drive module. Instead of assembling
and disassembling a set of modules manually, the assembly and disassembly of the
independently driven vehicle may thereby be facilitated and more time efficient. Also,
by means of an autonomously operated drive module, assembly and disassembly of
the vehicle is facilitated and more time efficient. Instead of having a fleet of different
types of vehicles, which may be used for different purposes, different types of vehicles
intended for different missions may be assembled. The set of modules may comprise
several different functional modules, which may be designed for specific purposas. The
set of modules may comprise a plurality of drive modules. The different drive moduies
may be identical or the drive modules may for example have different types/sizes of
wheels. Therefore, by combining a drive module with a suitable functional module, it

may be possible to customize a vehicle depending on different missions.

A functional module cannot move on its own bul needs {0 be connected o atl least one
drive module to be able {0 move and the module assembly thereby function as an
assembled vehicle. The functional module may comprise an energy storage unit. The
functional module may comprise at least one interface for the purpose of connecting
with a drive module. The second control device of the funclional module is configured
fo communicate with the herein mentioned off-board system. The second control de-

vice is also configured to communicate with the control device of the drive module.

According to an example, the assembled vehicle comprises two drive modules. Each

drive module may then comprise one pair of wheels. By selecting the at least one
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functional module and two drive modules based on a function to be performed, a cus-
tomized vehicle may be assembled, which is customized for the function to be per-
formed. Also, an assembled vehicle may be achieved, which is adapted to the sur-
roundings and the operating conditions of the vehicle. An assembled vehicle provided
with two drive modules may have more power and may support larger and heavier
vehicles than a vehicle provided with only one drive module. If one of the drive modules

will lose power, the other drive module may take over and drive the vehicle.

According to an example, one of the drive modules is arranged to operate as a master
and the other drive module is arranged to operate as a slave. The control device of
one of the drive modules may be configured to operate the associated drive module
as the master. The control device of the other drive module may be configured to op-
erate the associated drive module as the slave. The master will decide how to operate
the drive modules and thus how to operate the assembled vehicle. In addition, any
further module, such as the functional module being connected to the drive module(s)
and which comprises a control device, may become slave in the assembled vehicle.
Each drive module is associated with a registration number but only one registration
number should be shown on an assembled vehicle. In the event that the assembled
vehicle comprises two drive modules, the first control device may appoint one drive
module to be master and the other to be slave. Typically, the master will be com-
manded to show its registration number and the slave will not show its registration
number. The first control device may thus transmit instructions regarding registration

number to the second control device of the at least one drive module.

The vehicle comprises at least one drive module, which may be configured to be au-
tonomously operated. Thus, the assembled vehicle may be configured to be autono-
mously operated. The assembled vehicle being autonomously operated means that
the control device of the drive module may be configured to receive commands and
instructions from a control centre or an off-board system and to execute these com-
mands/instructions. The autonomously operated vehicle is thus operated based on the
received commands and instructions from the control centre or the off-board system.
The control device may control the systems and components of the drive module based
on the received commands and instructions and thereby control for example the steer-

ing and the propulsion of the assembled vehicle. This way, the assembled vehicle can
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drive itself based on the received commands and instructions. The control device of
the drive module may control the assembled vehicle to be autonomously driven or
operated also based on data from the at least one sensor, taking situations that may

happen during transportation into account.

According to an example, the vehicle is a truck and the functional module is configured
for transporting goods. The functional module configured for transporting goods may
be connected to a drive module. Together they form a truck for transporting goods.
The functional module may comprise a space, such as a platform or defined volume

for accommodating or supporting the goods.

According to an example, the vehicle is a fork lift and the functional module is a fork lift
apparatus. The fork lift apparatus may be provided with forks for lifting and moving e.g.
pallets. The fork lift apparatus may be provided with an interface connectable to at
least one of the interfaces of the drive module. Together, the fork lift apparatus and the

drive module form a fork lift.

According to an example, the vehicle is a bus and the functional module is configured
with a passenger compartment. The passenger compartment is adapted to accommo-
date passengers. The functional module may be assembled together with two drive
modules. A bus assembled by modules is very flexible. When there is a malfunction in
one of the drive modules, another drive module may be transported by its own motion
to the bus. By replacing the malfunctioning drive module the bus may quickly be in

operation again and can thereby fulfil its mission without discomfort for the passengers.

According to an example the vehicle is a container lift vehicle and the functional module
is a container lift. A container lift vehicle provided with a container lift is arranged for
lifting and moving containers. The container lift is provided with an interface. The inter-
face of the container lift may be connected to one of the interfaces of the drive module.
The drive module may communicate with, and/or control, the container lift via the in-
terface. Thus, the container lift is adapted to receive signals from the drive module to
operate the container lift. A container can be lifted and moved by two container lift
vehicles each provided with a container lift. The drive modules with container lifts may

grip the container from opposite sides of the container. The container may be lifted
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simultaneously by the container lifts, which are arranged on the drive modules. There-

after the container lift vehicles may together move the container.

According to an example, the vehicle is a tractor vehicle and the functional module is
a turntable, which turntable may be connectable to a trailer. The turntable may be ar-
ranged on a drive module. The turntable and the drive module together form a tractor
vehicle for transporting vehicles, such as trailers, which may be provided with a kingpin
for connecting with the turntable. The turntable is thus arranged for connecting a trailer
to the drive module. The turntable is provided with an interface. The interface of the
turntable may be connected to one of the interfaces of the drive module. The drive
module may communicate with the turntable via the interface. The drive module may
control the turntable to lock and release the kingpin arranged on the trailer. The turn-
table may be arranged on a distance element arranged on a drive module or between
two drive modules. The distance element may be provided with at least two interfaces
if arranged on the drive module. One of the interfaces is connected to the drive module
and the other interface is connected to the turntable. When the distance element is
arranged between two drive modules, the distance element may be provided with at
least three interfaces. With such a distance element arranged between two drive mod-
ules, at least one of the drive modules communicates with the turntable through the

interfaces of one of the drive modules, of the distance element and of the turntable.

According to an example, the vehicle is an excavator and the functional module is a
bucket. The bucket is thus connected to the drive module. The bucket and the drive
module together form an excavator. The bucket may be arranged for excavating for
example soil, snow or similar. The bucket is provided with an interface. The interface
of the bucket is connectable to at least one of the interfaces of the drive module. The
drive module is adapted to communicate with the bucket via the interface. The drive

module controls the bucket for excavating soil, snow or similar.

According to an aspect of the present disclosure a drive module for a vehicle is pro-
vided, wherein the drive module is adapted to be releasably connected to a functional
module for forming an assembled vehicle, the drive module comprising: at least a pair
of wheels; at least one propulsion unit connected to the pair of wheels; at least one

energy storage unit for providing the propulsion unit with energy; at least two interfaces
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for releasable connection with a functional module; and a control device configured to
operate the drive module as an independently driven unit; wherein the control device
of the drive module is adapted to receive instructions to configure the drive module
based on a function to be performed by the assembled vehicle. It is to be understood
that the other embodiments of the drive module as disclosed herein can be combined

with this embodiment.

Figures 1a — 1¢ schematically show a drive module 1 in a side view, a front view and
in a view from above, according to an embodiment. The drive module 1 may comprise
a body 26 provided with a pair of wheels 8 arranged on two opposite sides of the drive
module 1. The body 26 may have a first and a second side 28, 30, which are facing in
opposite directions. The body 26 may have a third and a fourth side 32, 34, which are
facing in opposite directions, wherein the third side 32 and the fourth side 34 may
extend perpendicular to the first and the second sides 28, 30. The body 26 may also
have a fifth and a sixth side 36, 38, which are facing in opposite directions. The fifth
and the sixth sides 36, 38 may extend perpendicularly to the first and the second sides
28, 30 and the third and fourth sides 32, 34. The first and the second sides 28, 30 may
be referred to as side surfaces. The third and the fourth sides 32, 34 may be referred
to as front and rear surfaces respectively. The fifth side 36 may be referred to as a top
surface and the sixth side 38 may be referred to as a bottom surface. The sides 28,
30, 32, 34, 36, 38 may each have a shape that is flat or curved and may be shaped
with indentations and protrusions. Instead of the perpendicularly extension of the sides
28, 30, 32, 34, 36, 38 described above, the sides 28, 30, 32, 34, 36, 38 may extend at

any angle in relation to each other.

The drive module 1 may comprise a pair of wheels 8. The wheels 8 may be arranged
at the first and second sides 28, 30 of the drive module 1. One wheel 8 may be ar-
ranged at the first side 28 and the other wheel 8 may be arranged at the second side
30. A steering unit 40 (fig. 2) may be connected to the wheels 8. The steering unit 40
may make the drive module 1 steerable. The pair of wheels 8 may be so arranged at
the drive module 1 that a centre axis 43 of each wheel 8 coincides with each other as
disclosed in figure 1c. Each wheel 8 has a centre axis 43 and may be arranged at the
drive module 1 so that each wheel 8 may rotate about its centre axis 43. When the

centre axis 43 of each wheel 8 coincides with each other the drive module 1 has good
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manoeuvring abilities. Also, the drive module 1 may be configured to enable a pivoting
movement about the coinciding centre axis 43 of the two wheels 1. This pivoting move-
ment of the drive module 1 may be useful when connecting and disconnecting the drive
module 1 with other modules 6. The control device 16 configured to operate the drive
module 1 as an independently driven unit may control the pivoting movement of the

drive module 1.

The drive module 1 may comprise at least two interfaces 14 for transferring electric
energy and/or transmitting electric signals, and for physically connection, which will be

described in more detail below in relation to figure 2.

Fig. 2 schematically illustrates a drive module 1 in a section view along line | — I in fig.
1¢. The drive module 1 may comprise at least one propulsion unit 10 connected to the
pair of wheels 8. The propulsion unit 10 may be an electric machine connected to the
wheels 8. According to the embodiment in fig. 2, two electric machines may be ar-
ranged as propulsion units 10 in the drive module 1. One electric machine 10 may be
connected to one wheel 8 and the other electric machine 10 may be connected to the
other wheel 8. The electric machines 10 may be arranged in the rim 42 of the wheels
8. The wheels 8 may thereby be driven independently of each other. The electric ma-
chines 10 may also work as generators and generate electric energy when braking the
wheels 8. Instead of electric machines 10 as a propulsion unit 10, the at least one
propulsion unit 10 may be an internal combustion engine, such as an otto engine or a

diesel engine connected to the wheels 8.

The drive module 1 may comprise at least one energy storage unit 12 for providing the
propulsion unit 10 with energy. In the case where the propulsion unit 10 is an electric
engine, the energy storage unit 12 may be an electric battery. The electric battery may
be recharged with electric energy. Alternatively, when the electric battery is dis-
charged, the electric battery may be replaced by another charged electric battery. In
the case where the propulsion unit 10 is an internal combustion engine, the energy

storage unit 12 may be a fuel tank with fuel suitable for the internal combustion engine.

The drive module 1 may comprise a separate closed cooling system 22, for cooling the

at least one propulsion unit 10 and the at least one energy storage unit 12. Provided
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with a separate closed cooling system 22 the drive module 1 may be operated as an
independently driven unit, without any need of an external cooling arrangement. Also,
the drive module 1 does not have to be connected to a cooling system of a functional
module. The separate closed cooling system 22 may be based on a liquid coolant or

based on a forced flow of cooling air.

The drive module 1 may comprise a control device 16 configured to operate the drive
module 1 as an independently driven unit. The drive module 1 may transport itself
without any external driven unit such as a towing vehicle. The drive module 1 may
transport itself by means of the at least one propulsion unit 10. The drive module 1
may be configured to be autonomously operated. Thus, the control device 16 may be
configured to control the operation of the drive module 16. The control device 16 may
be configured to transmit control signals to the various systems and components of the
drive module 1 for controlling for example the steering and the propulsion of the drive
module 1. The control device 16 may be adapted to operate the drive module 1 auton-
omously based on received commands. The control device 16 may thus be adapted
to receive commands from a remotely located off-board system 20 and to convert the
command into control signals for controlling the various systems and components of
the drive module 1. The control device 16 may also be configured to receive data about
the surroundings from at least one sensor 45, and based on this data control the drive
module 1. The control device 16 may be implemented as a separate entity or distrib-
uted in two or more physical entities. The control device 16 may comprise one or more
computers. The control device 16 may thus be implemented or realised by the control

device 16 comprising a processor and a memory.

The drive module 1 may be adapted to be configured based on a function to be per-
formed by the drive module 1 itself or as an assembled vehicle 2. The drive module 1
may itself thus constitute a vehicle. The control device 16 of the drive module 1 may
be adapted to receive, from an off-board system 20, instructions to configure the drive
module 1 in a certain way, based on a function to be performed by the drive module 1
itself or the assembled vehicle 2. Thus, the drive module 1 may be adapted to be con-
figured when it is connected to a functional module 6 and thus forms a part of an as-
sembled vehicle 2. The drive module 1 may also be adapted to be dynamically config-

ured based on the surroundings in which the vehicle 2 will perform its function. Thus,
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different suspension characteristics may for example be required if the vehicle 2 will
be operated in a rough terrain compared to if the vehicle 2 will be operated on a high-
way. The drive module 1 being adapted to be dynamically configured means that the
configuration of the drive module 1 is non-static and the drive module 1 can thus be
reconfigured depending on various factors. The control device 16 of the drive module
1 may be adapted to receive, from an off-board system 20, instructions to configure
the drive module 1 in a certain way, based on a function to be performed by the as-
sembled vehicle 2. The drive module 1 may be adapted to receive configuration in-
structions before or when it has been connected with a functional module 6 and a
vehicle 2 thereby is assembled. The drive module 1 may also be adapted to receive
configuration instructions partly before or partly after it has been connected with a func-
tional module 6. Thus, the drive module 1 may be adapted to be configured when it is
connected to a functional module 6 and thus forms a part of an assembled vehicle 2.
The off-board system 20 may for example determine that certain suspension charac-
teristics, certain brake settings and/or a certain steering ratio are required for the func-
tion to be performed by the assembled vehicle 2. Different configurations of the drive
module 1 may thus be required when the drive module 1 forms part of a vehicle 2
performing the function of transporting people, transporting goods, shovelling snow
etc. The drive module 1 may also be adapted to be dynamically configured based on
the surroundings in which the vehicle 2 will perform its function. Thus, different sus-
pension characteristics may for example be required if the vehicle 2 will be operated
in a rough terrain compared to if the vehicle 2 will be operated on a highway. The off-
board system 20 may thus transmit instructions to the control device 16 of the drive
module 1, such that the control device configures the drive module accordingly. The
configuration instructions from the off-board system 20 may also be based on the se-

lected functional module 6 connected with the drive module 1.

The control device 16 of the drive module 1 may alternatively be configured to control
the drive module 1 through control signals received from a remotely located operator
18. The operator 18 may geographically be orientated close to, far away from or at any
distance from the drive module 1. The drive module 1 may thus be remote-controlled
based on the control signals. Thus, when the drive module 1 should be moved a short
distance, an operator 18 may wireless or conductively by wire remotely control the

drive module 1. In case of a wireless communication between the control device 16 of
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the drive module 1 and the surrounding, such as other modules, the drive module 1
may comprise a transmitter 37 and a receiver 39 for the wireless communication. How-
ever, the control device 16 may alternatively comprise a built in transmitter and re-

ceiver. The drive module 1 will not be provided with a cabin for the operator 8.

The drive module 1 may be adapted to communicate with a traffic system 23. The
control device 16 of the drive module 1 may be adapted to communicate with a traffic
system 23. The communication between the control device 16 of the drive module 1
and the traffic system 23 may be performed via the off-board system 20. However, the
communication between the control device 16 of the drive module 1 and the traffic
system 23 may alternatively, or in combination with the off-board system 20, be per-
formed via sensors 45 arranged at the drive module 1 or via receivers arranged on
the drive module 1, which receives signals wireless from transmitters arranged in the
traffic system 23. The control device 16 of the drive module 1 may thereby be able to
determine the status of traffic lights, notice accidents etc. The control device 16 of the
drive module 1 may be adapted to communicate directly with such a traffic system 23
or it may be adapted to communicate with such a traffic system 23 via the off-board
system 20. In fig. 2, the different components may be connected to each other by

means of wires.

The drive module 1 may be configured to constitute a part of an assembled vehicle 2.
Such a vehicle 2 assembled from a set of modules 1, 6, will be described in relation to
figures 3a —6b. The assembled vehicle 2 may comprise at least one functional module
6. The assembled vehicle 2 may further comprise at least one drive module 1 as dis-
closed in figures 1a-c and figure 2. The assembled vehicle 2 may comprise two drive
modules 1. The drive module 1 may be adapted to be configured based on a function
to be performed by the drive module 1 itself or as an assembled vehicle 2. However,

the drive module 1 may itself thus constitute a vehicle.

The drive module 1 may be adapted to be releasably connected to either a second
drive module 1 and/or a functional module 6 for forming an assembled vehicle 2. At
least one of the sides of the drive module 1 may thus have a shape that allows the
drive module 1 to be releasably connected to the second drive module 1 and/or the

functional module 6.



10

15

20

25

30

WO 2020/009637 24 PCT/SE2019/050580

The at least two interfaces 14 may be physical interfaces 14, arranged to physically
connect the drive module 1 with the second drive module 1 and/or the functional mod-

ule 6.

The drive module 1 may comprise at least two interfaces 14, each arranged on different
sides of the drive module 1. The interfaces 14 of the drive module 1 may be releasably
connectable to a corresponding interface 14 of the second drive module 1 and/or the
functional module 6. Thus, each module in the set of modules 1, 6 may comprise at
least one interface 14, which may be releasably connectable to a corresponding inter-

face 14 on another module.

The at least two interfaces 14 may be electric interfaces 14, arranged for transferring
electric power and/or transmitting electric signals between the drive module 1 and the
second drive module 1. The electrical interface 14 may be a wireless interface 14 or a
conductive interface 14. By connecting the drive module 1 and the functional module
6 electrically the modules 1, 6 may transfer power between each other and also share
information. The drive module 1 may, for example, control parts of the functional mod-

ule 6, such as opening and closing of doors, heating and cooling.

The drive module 1 may be configured to communicate with the second drive module
1 and/or the functional module 6 connected to the drive module 1. This communication
may be performed by means of the interface 14. The communication between the mod-
ules 1, 6 may be wireless or conductively by wire. In case of a wireless communication
between the control devices 16, 70 of the modules 1, 6, each module 1, 6 may com-
prise a transmitter 37 and a receiver 39 for the wireless communication. In case of a
conductive communication between the control devices 16, 70 of the modules 1, 6 by
wire, the functional module 6 may comprise a wire, which connects the interfaces 14
of the functional module 6. When the two drive modules 1 are connected to the inter-
faces 14 of the functional module 6 the control devices 16 of the drive modules 1 may
communicate with each other and with the control device 70 of the functional module

6 via the wire in the functional module 6.
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The drive module 1 may comprise at least one sensor 45 for detecting and registering
objects in the surrounding of the drive module 1. The at least one sensor 45 may be a
proximity sensor for detecting and registering the distance to objects, such as vehicles,
pedestrians, traffic lights and/or buildings. Based on information from the at least one
sensor 45, the drive module 1 may be operated such that a safe distance to the sur-

rounding objects is maintained and accidents avoided.

Figure 3a schematically illustrates a side view of a drive module 1 and a functional
module 6 according to an embodiment and Figure 3b schematically illustrates a side
view of an assembled vehicle 2 according to an embodiment. The drive module 1 may
be configured as disclosed in figures 1a-c and figure 2.The functional module 6 may
be provided with wheels 8, but generally a functional module 6 cannot move on its
own. Instead, the functional module 6 needs to be connected to at least one drive
module 1 to be able to move. The functional module 6 may comprise a space 24 for
accommodating or supporting a load. The at least one functional module 6 may be
configured for transporting goods and may thus function as a truck 47 when being
assembled with at least one drive module 1. In fig. 3a the drive module 1 and the
functional module 6 are separated. In fig. 3b the drive module 1 has been moved in
direction of the functional module 6 and the interfaces 14 of the drive module 1 and the
functional module 6 has reached each other, so that the drive module 1 has been
connected with the functional module 6. The functional module 6 may comprise a con-
trol device, which hereinafter will be referred to as a second control device 7. The
second control device 70 of the functional module © may be corfigured to communicate
with the off-board system 20 mentioned with regard o figure 2. The second control
device 70 may also be configured to communicate with the control device 16 of the

drive module 1.

Figure 4a schematically illustrates a side view of two drive modules 1 and a functional
module 6 according to an embodiment and Figure 4b schematically illustrates a side
view of an assembled vehicle 2 according to an embodiment. The at least one func-
tional module 6 may be configured with a passenger compartment 49 for accommo-
dating passengers and may thus function as a bus 41 when being assembled with the
drive modules 1. It is to be understood that the shape of the two drive modules 1 may

be identical and are configured as the drive module 1 as disclosed in figures 1a-c and
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figure 2. In fig. 4a the drive modules 1 and the functional module 6 are separated. In
fig. 4b the drive modules 1 have been moved in direction of the functional module 6
and the interfaces 14 of the drive modules 1 and the functional module 6 has reached
each other, which has resulted in that the drive modules 1 are connected with the
functional module 6. The second control device 70 of the functional module 8 may be
configured to communicate with the off-board system 20 mentioned with regard o fig-
ure 2. The second control device 70 may also be configured to communicate with the

control device 16 of the drive module 1.

By selecting the at least one functional module 6 and two drive modules 1 based on a
function to be performed a customized vehicle 2 can be assembled, which may be
suitable for a function to be performed. Also, an assembled vehicle 2 may be achieved,
which is adapted to the surroundings and the operating conditions of the vehicle 2. The
off-board system 20 may for example determine that certain suspension characteris-
tics, certain brake settings and/or a certain steering ratio are required for the function
to be performed by the assembled vehicle 2. Different configurations of the drive mod-
ule 1 may thus be required when the drive modules 1 form part of the assembled ve-
hicle 2 performing the function of transporting people, transporting goods, shovelling
snow etc. The drive modules 1 may also be adapted to be dynamically configured
based on the surroundings in which the assembled vehicle 2 will perform its function.
The configuration instructions from the off-board system 20 may thus be based on the
selected functional module 6 connected with the drive module 1. The configuration of

the drive module 1 is described in more detail above.

Figures 5a — 5d schematically illustrates assembled vehicles 2 with different functional
modules 6 according to different embodiments. All vehicles 2 comprises at least one
drive module 1 as disclosed in figures 1a-c and figure 2. The functional module 6 in all
these embodiments may comprise a second control device, which for clarity is not
shown. The second control device of the funcltional module & may be configured {o
communicate with the off-board system 20 mentioned with regard to figure 2. The sec-
ond control device may also be configured to communicate with the control device 16

of the drive module 1.
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The functional module 6 may be a fork lift apparatus 44 as illustrated in fig. 5a. The
fork lift apparatus 44 is connected with a drive module 1. The fork lift apparatus 44 is
provided with forks 46 for lifting and moving pallets (not disclosed). Together, the fork
lift apparatus 44 and the drive module 1 form a fork lift 51. The fork lift apparatus 44 is
provided with an interface 14. The interface 14 may be physical and/or electrical. The
interface 14 of the fork lift apparatus 44 may be connected to one of the interfaces 14
of the drive module 1. The drive module 1 communicates with the fork lift apparatus 44
via the interface 14. Thus, the fork lift apparatus 44 is adapted to receive signals from

the drive module 1 to lift or lower the forks 46 of the fork lift apparatus 44.

Fig. 5b schematically illustrates an assembled vehicle 2 with a functional module 6,
which is a container lift 48. The container lift 48 is connected with a drive module 1 and
together form a container lift vehicle 53. The container lift 48 is arranged for lifting and
moving containers 50. The container lift 48 is provided with an interface 14. The inter-
face 14 may be physical and/or electrical. The interface 14 of the container lift 48 may
be connected to one of the interfaces 14 of the drive module 1. The drive module 1
communicates with, and/or controls, the container lift 48 via the interface 14. Thus, the
container lift 48 is adapted to receive signals from the drive module 1 to operate the
container lift 48. A container 50 may be lifted and moved by two container lift vehicles
53 each provided with a container lift 48. The drive modules 1, 4 with container lifts 48
may grip the container 50 from opposite sides of the container 50. The container 50
may be lifted simultaneously by the container lifts 48, which are arranged on the drive
modules 1. Thereafter the container lift vehicles 53 may together move the container
50.

Fig. 5¢ schematically illustrates an assembled vehicle 2 with a functional module 6,
which is a turntable 52. The turntable 52 is arranged on a drive module 1. The turntable
52 and the drive module 1 together form a tractor vehicle 55 for transporting trailers
57. The turntable 52 is arranged for connecting a trailer 57 to the drive module 1. The
turntable 52 is provided with an interface 14. The interface 14 may be physical and/or
electrical. The interface 14 of the turntable 52 may be connected to one of the inter-
faces 14 of the drive module 1. The drive module 1 communicates with the turntable
52 via the interface 14. The drive module 1 may control the turntable 52 to lock and

release a kingpin 58 arranged on the trailer 57. The turntable 52 may be arranged on
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a distance element 54 arranged between two drive modules 1. The distance element
54 may be provided with at least two interfaces 14. One of the interfaces 14 is con-
nected with the interface 14 of at least one of the drive modules 1 and the other inter-
face 14 is connected with the interface 14 of the turntable 52. With such a distance
element 54 arranged between two drive modules 1, at least one of the drive modules
1 may communicate with the turntable 52 through the interfaces 14 of one of the drive

modules 1, of the distance element 54 end of the turntable 52.

Fig. 5d schematically illustrates an assembled vehicle 2 with a functional module 6,
which is a bucket 56. The bucket 56 is connected with a drive module 1. The bucket
56 and the drive module 1 together form an excavator 60. The bucket 56 may be ar-
ranged for excavating soil, snow or similar. The bucket 56 is provided with an interface
14. The interface 14 may be physical and/or electrical. The interface 14 of the bucket
56 may be connected with one of the interfaces 14 of the drive module 1. The drive
module 1 communicates with the bucket 56 via the interface 14. The drive module 1

may control the bucket 56 to excavate soil, snow or similar.

The foregoing description of the embodiments has been furnished for illustrative and
descriptive purposes. It is not intended to be exhaustive, or to limit the embodiments
to the variants described. Many modifications and variations will obviously be apparent
to one skilled in the art. The embodiments have been chosen and described in order
to best explicate principles and practical applications, and to thereby enable one skilled
in the art to understand the embodiments in terms of its various embodiments and with
the various modifications that are applicable to its intended use. The components and
features specified above may, within the framework of the embodiments, be combined

between different embodiments specified.
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Claims

1. A functional module (6) configured for accommodating or supporting a load,
wherein the functional module (6) is adapted to be releasably connected to at least
one drive module (1) for forming an assembled vehicle (2), the drive module (1) com-
prising:
at least a pair of wheels (8);
at least one propulsion unit (10) connected to the wheels (8);
at least one energy storage unit (12) for providing the propulsion unit (10) with
energy;
a control device (16) configured to operate the drive module (1) as an inde-
pendently drive unit; and
at least two interfaces (14) for releasable connection with a functional module
(6), each interface (14) being arranged on different sides of the drive module (1);
wherein the drive module (1) is configured to be autonomously operated,
the functional module (6) comprising:
at least one interface (14) for releasable connection with a drive module
(1); and
a second control device (70) configured to communicate with an off-

board system (20).

2. The functional module (6) according to claim 1, wherein the second control device
(70) of the functional module (6) is configured to communicate with the control device
(16) of a drive module (1).

3. The functional module (6) according to any one of claims 1 and 2, wherein the

functional module (6) comprises an energy storage unit.

4. The functional module according to any one of claims 1 to 3, wherein the func-

tional module (6) is adapted to receive instructions to connect with a drive module

(1),

5. The functional module (6) according to any one of the preceding claims, wherein

the second control device (70) is configured to transmit at least one configuration for
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a drive module (1) to the control device (16) of a drive module (1), wherein the at
least one configuration is stored in the second control device (70) of the functional

module (6) and is based on a function to be performed by an assembled vehicle (2).

6. The functional module (6) according to any one of the preceding claims, wherein

the functional module (6) comprises a display showing a registration number.

7. The functional module (6) according to any one of the preceding claims, wherein
the at least one interface (14) is a physical interface, arranged to physically connect
the functional module (6) with a drive module (1) and/or an electrical interface, ar-
ranged for transferring electric energy and/or transmitting electric signals between

the functional module (6) and a drive module (1).

8. The functional module (6) according to any one of the preceding claims, wherein

the functional module (6) is a fork lift apparatus (44).

9. The functional module (6) according to any one of claims 1-7, wherein the func-

tional module (6) is configured for transporting goods.

10. The functional module (6) according to any one of claims 1-7, wherein the func-

tional module (6) is configured with a passenger compartment (49).

11. The functional module (6) according to any one of claims 1-7, wherein the func-

tional module is a container lift (48).

12. The functional module (6) according to any one of claims 1-7, wherein the func-
tional module (6) is a turntable (52), which turntable (52) is connectable to a trailer
(57).

13. The functional module (6) according to any one of claims 1-7, wherein the func-
tional module (6) is a bucket (56).

14. A vehicle (2) assembled from a set of modules, the vehicle (2) comprising:

at least one drive module (1) comprising:
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at least a pair of wheels (8);

at least one propulsion unit (10) connected to the wheels (8);

at least one energy storage unit (12) for providing the propulsion unit (10) with
energy;

a control device (16) configured to operate the drive module (1) as an inde-
pendently drive unit; and
at least two interfaces (14) for releasable connection with a functional module (6),
each interface (14) being arranged on different sides of the drive module (1); wherein
the drive module (1) is configured to be autonomously operated, wherein the vehicle
further comprises at least one functional module according to any one of the preced-

ing claims.

15. The vehicle according to claim 14, wherein the vehicle comprises two drive mod-

ules.

16. The vehicle according to claim 15, wherein one of the drive modules is configured
to operate as a master and the other drive module and the functional module is con-

figured to operate as a slave.
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