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A MODULAR SYSTEM FOR A VEHICLE, A
VEHICLE AND AN INSTALLATION
METHOD

TECHNICAL FIELD

[0001] The present disclosure relates to a modular system
for a vehicle. The present disclosure also relates to a vehicle
comprising such a modular system. Furthermore, the present
disclosure relates to a method of installing, to a vehicle,
energy source modules for such a modular system.

[0002] The invention can be applied in heavy-duty
vehicles, such as trucks, buses and construction equipment.
Although the invention will be described with respect to a
truck, the invention is not restricted to this particular vehicle,
but may also be used in other vehicles such as cars or boats.

BACKGROUND

[0003] The vehicle industry is striving to reduce CO,
emissions. Various alternatives to diesel and gasoline have
been developed for energizing the vehicles. One such alter-
native is battery electric vehicles (BEV).

[0004] Electric vehicles are provided with electric motors
which are powered by one or more traction batteries. To
provide sufficient energy, i.e. driving range, a large number
of battery cells are needed. The number of cells may be
hundreds or even thousands of cells, for example depending
on the total energy (driving range) desired for the particular
vehicle. To safely and efficiently manage the large number
of battery cells mounted in an electric vehicle, the battery
cells are installed in units that protect the cells from external
shocks, heat or vibration, etc. In their turn a number of such
units can be united in a traction battery pack. In addition, a
traction battery pack may also comprise cooling components
and electric wiring, etc. Thus, when producing an electric
vehicle, one or more traction battery packs will be installed
into (or mounted onto) the vehicle.

[0005] On trucks, traction battery packs are normally
suspended onto the chassis with multiple brackets and are
connected to each other with a multitude of cables and
connectors. The traction battery packs on trucks may be
formed like cubes, suspended form a frame of the chassis.

[0006] An alternative to battery electric vehicles is the use
ot hydrogen gas. The chemical energy of the hydrogen may,
for example, be converted into mechanical energy in an
internal combustion engine or into electric energy in fuel
cells, in order to propel the vehicle. The hydrogen gas is
normally stored in cylindrical pressurized storage tanks/
vessels provided on the vehicle. In fuel-cell electric vehicles
(FCEVs) there is a need for storing energy in both batteries
as well as in hydrogen gas tanks. Conventionally, the cylin-
drical hydrogen gas tanks have been mounted at a desig-
nated holding structure, normally laterally of the frame rails
of the chassis.

[0007] For vehicles which are installed with gas tanks as
well as with battery packs, i.e. a mixed model assembly on
the manufacturing line in a factory, it would be desirable to
reduce the diversity as regards installation components,
tools and processes, in order to keep down investments
costs, and to provide high flexibility and high production
volumes.
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SUMMARY

[0008] An object of the invention is to provide a modular
system which at least partly accomplishes the above-men-
tioned advantages. This and other objects, which will
become apparent in the following disclosure, are accom-
plished by a modular system according to claim 1.

[0009] The present general inventive concept is based on
the realization that by providing gas tanks/vessels that have
a rectangular cross-section, they may effectively be installed
in a corresponding manner as other types of energy source
modules (e.g. traction battery packs). With such a design of
the gas tanks, they may be docked several at a time, even
together with other energy source modules such as traction
battery backs. Thus, by providing a modular system having
a plurality of energy modules with a rectangular cross-
section, of which at least one is a gas tank, it is possible to
achieve a scalable installation process which utilizes the
same principle regardless of the individual energy source
modules being a gas tank or a battery pack. For instance, this
allows for battery packs and gas tanks to be prepared on
sub-flows in a similar manner with corresponding mechani-
cal interface points. The docking process on the main
assembly line in the factory may be done with the same
equipment (e.g. the same automated guided vehicle) and
tools regardless if you choose to install just batteries, just
tanks or a combination thereof. On one sub-flow the battery
packs may be prepared with high voltage cabling, low
voltage cabling and cooling routing, while the gas tanks may
be provided with valves and gas routing. The latter may be
functional and pressure tested before being docked to the
vehicle on the main assembly line. Furthermore, the rect-
angular design makes it possible to use the same support
structure, including brackets and crash protection compo-
nents, for the gas tanks and battery packs, which results in
a lower part diversity and lower production cost. The
modular design allows a wide variety of combinations to be
installed, such as two battery packs and many gas tanks, or
many battery packs and fewer gas tanks. The installation can
be scaled depending on needs and available space at the
installation part (e.g. wheelbase) of the vehicle.

[0010] It should be pointed out that in this disclosure the
terms “tank” and vessel” are used interchangeably and mean
effectively the same.

[0011] It should also be pointed out that although the main
focus in this disclosure will be with respect to gas tanks/
vessels containing hydrogen gas, the general inventive con-
cept is not limited to that particular content. Energy source
modules containing other types of gases may advanta-
geously be used in exemplary embodiments of the general
inventive concept.

[0012] Furthermore, it should also be pointed out that the
same principle is valid for pressurized vessels containing
liquid. For instance, the pressurized vessels may suitably
contain hydrogen in liquid state. Thus, it should be under-
stood that the general inventive concept encompasses pres-
surized vessels containing a fluid (i.e. gas or liquid).
[0013] It should be noted that the rectangular cross-section
discussed herein encompasses the specific case of a rect-
angle having equal sized sides, i.e. a square cross-section,
but also other rectangular shapes in which one of the pairs
of opposing sides has different length compared to the other
pair of opposing sides.

[0014] It should furthermore be noted that the internal
design of the gas tanks/vessels do not form part of the
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present inventive concept. Rather, from a factory assembling
perspective, it is the outer contour of the gas tanks/vessels
that is of interest for the general inventive concept. For
example, although the outer contour of a gas tank/vessel of
the modular system is presented as a cuboid or as having a
cuboid portion, the gas tank/vessel may for example be
provided with an interior wall having a rounded shape.
[0015] According to at least a first aspect of the present
disclosure, there is provided a modular system for a vehicle,
comprising:

[0016] a plurality of energy source modules configured
to be connected to or included in a propulsion system
of a vehicle, each one of the energy source modules
having a rectangular cross-section, and

[0017] a support structure operatively connectable to a
chassis of the vehicle, the support structure defining a
space for receiving said energy source modules, char-
acterized in that at least one of said energy source
modules is a pressurized vessel containing a fluid.

[0018] By the provision of a modular system which com-
prises energy source modules having a rectangular cross-
section, at least one of which being a pressurized vessel
containing a fluid, manufacturing of a vehicle in a factory is
facilitated, as the same support structure may be used also
for the supporting the pressurized vessel.

[0019] According to at least one exemplary embodiment,
at least one of said energy source modules is a traction
battery pack. The traction battery pack may advantageously
be installed to power an electric motor of the vehicle, and
possibly other vehicle components as well.

[0020] According to at least some exemplary embodi-
ments, at least one of said energy source modules may
contain fuel cells. Such an energy source module may also
advantageously power an electric motor. Such an energy
source module may, for instance, receive to its fuel cells
hydrogen gas from another one of the energy source mod-
ules (which is in the form of a pressurized vessel).

[0021] According to at least one exemplary embodiment,
at least one of said energy source modules is cuboid. This is
advantageous as it is a readily available shape for traction
battery packs. Suitably, one or more of the other energy
source modules, which are not necessarily traction battery
packs, may also be cuboid. For instance, according to at least
one exemplary embodiment, the at least one pressurized
vessel is cuboid. It should be understood that the cuboid may
be a general rectangular cuboid, which does not necessarily
have the same surface areas on all six sides (e.g. one pair of
opposite sides may have a different surface area compared to
one or both of the other pairs of opposite sides). A cuboid
may, of course, also be a square cuboid, having the same
surface area on all sides.

[0022] Providing a plurality of energy source modules as
cuboids is advantageous as they are easy to install, and the
same equipment and tools may be used during the installa-
tion process, regardless of the content of the energy source
modules, i.e. regardless of if one or more are in the form of
traction battery packs, hydrogen tanks or any other type.
[0023] It should be noted that the energy source modules
do not need to have the same dimensions. For example,
different cuboid energy source modules may be of different
sizes. This is at least partly reflected in the following
exemplary embodiment.

[0024] According to at least one exemplary embodiment,
a cross-sectional area of one of said energy source modules
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is approximately a multiple of any cross-sectional area of
any other one of said energy source modules. Suitably, the
cross-sectional areas may be the bottom areas of the energy
source modules, i.e. the areas that will be facing downwards
and that will rest against a base/floor or lower area of the
support structure (or against any bushing provided at such a
base/floor or lower area of the support structure). For
instance, if the support structure can receive a total of four
energy source modules having a smallest cross-sectional
area, two of the smallest energy source modules may be
replaced by one energy source module having twice as large
cross-sectional area. Similarly, three of the smallest energy
source modules may be replaced by an energy source
module having a three times as large cross-sectional area. It
may, for instance, be advantageous to provide a larger gas
tank instead of two smaller ones.

[0025] As will be readily understood, the modularity of
the present general inventive concept provides great flex-
ibility for selecting which energy source modules that are to
be installed on each individual vehicle. The possibility to
have differently dimensioned energy source modules results
in even greater flexibility.

[0026] It should be noted that although all the energy
source modules have a rectangular cross-section, they may
have other shapes than being a pure cuboid. In particular, it
has been realized that although the main volume available is
laterally of the frame rails of the chassis, it would also be
beneficial to take advantage of the volume available under-
neath the frame rails. This is at least partly reflected in the
following exemplary embodiment.

[0027] According to at least one exemplary embodiment,
at least one of said at least one pressurized vessel has a first
larger cuboid portion and a second smaller portion project-
ing from the first cuboid portion. When installed, the first
larger cuboid portion may be located laterally of the longi-
tudinal frame of the chassis, while the second smaller
portion may project beneath the longitudinal frame. This is
advantageous as a larger gas volume can be contained by
also taking advantage of the available space underneath the
frame, while still having the previously discussed installa-
tion advantages due to the rectangular cross-section of the
cuboid portion.

[0028] It should be understood that in some exemplary
embodiments of the modular system, this type of pressurized
vessel having a second smaller projection portion may
suitably be combined with other energy source modules. In
other words, one and the same support structure may support
one or more cuboid energy source modules at the same time
as it supports one or more of this modified type (cuboid
portion+projecting portion) of energy source modules.
[0029] From the above explanations, it can be understood
that according to at least some exemplary embodiments of
the modular system, the energy source modules may be
prismatic.

[0030] According to at least one exemplary embodiment,
the modular system further comprises bushings for mount-
ing said energy source modules to the support structure in
order to allow a certain amount of relative motion between
the support structure and the energy source modules when
mounted. This is advantageous as it avoids high stiftness to
the chassis and restrains vehicle twisting. Furthermore, it
reduces unnecessary stresses in the vessels and brackets.
[0031] Although in some exemplary embodiments the
same bushings may be used for several or all types of energy
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source modules, in other exemplary embodiments it may be
desirable to have different bushings, in particular with
different stiffness. For instance, according to at least one
exemplary embodiment, said bushings comprises first bush-
ings having a first stiffness and second bushings having a
second stiffness which is different from the first stiffness,
wherein said first bushings are configured for mounting
energy source modules in the form of pressurized vessels
and wherein said second bushings are configured for mount-
ing energy source modules in the form of traction battery
packs. Typically, the traction battery packs may be heavier,
wherefore it may be suitably to provide bushings with higher
stiffness compared to the stiffness of the bushings used for
the pressurized vessels. Thus, in such cases, in the above
exemplary embodiment, the second stiffness would be
greater than the first stiffness. However, it is also conceiv-
able to have bushings with the same stiffness for traction
battery packs and gas tanks, if it is considered to be
appropriate in any individual case.

[0032] According to at least one exemplary embodiment,
said support structure is in the form of an open cage structure
provided with brackets for connecting the support structure
to the chassis. The support structure may, for example,
comprise a bottom portion, a lateral portion, a front portion,
a rear portion and brackets for connecting the support
structure to the chassis. The support structure may have
partition portions for separating energy source modules in
the longitudinal direction of the vehicle. The support struc-
ture may suitably be configured as a collision-protection
structure, protecting the energy source modules in case of a
collision.

[0033] According to at least one exemplary embodiment,
the fluid contained in said pressurized vessel is selected from
the group consisting of:

[0034] hydrogen, in gaseous state or liquid state
[0035] petroleum gas,
[0036] natural gas,
[0037] non-fuel gas, such as air.
[0038] Hydrogen (in liquid or gaseous state) may, for

instance, be supplied to fuel cells which convert the chemi-
cal energy of hydrogen into electricity for powering an
electric motor. Hydrogen may also or instead be used as a
fuel for powering a hydrogen internal combustion engine.
Similarly, petroleum gas or natural gas may also be used as
fuel for internal combustion engines. The natural gas may,
for example, be in the form of liquid natural gas (LNG).
Compressed air may be provided to the intake manifold, the
cylinders or to the turbocharger of an internal combustion
engine to improve performance, such as transient response.
[0039] According to at least a second aspect of this
disclosure, there is provided a vehicle comprising a modular
system according to the first aspect (including any embodi-
ments thereof), wherein the support structure is connected to
a chassis of the vehicle, wherein energy source modules are
provided in the support structure, wherein at least one of said
energy source modules is a pressurized vessel containing a
fluid. The advantages of the vehicle of the second aspect are
largely analogous to the advantages of the first aspect.

[0040] It should be understood that depending on the type
of vehicle, the support structure may be mounted in different
locations. Thus, the support structure does not necessarily
need to be mounted laterally of the chassis. For instance, the
support structure may in some exemplary embodiments be
mounted on top of the chassis behind a cab of the vehicle.
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[0041] According to a third aspect of the present disclo-
sure, there is provided a method of installing, to a vehicle
chassis, energy source modules for a modular system
according to the first aspect (including any embodiments
thereof), the method comprising:

[0042] providing the vehicle chassis on a main assem-
bly line,
[0043] connecting a support structure to the vehicle

chassis, the support structure defining a space for
receiving said energy source modules,

[0044] providing, on a first sub-assembly line, a first
type of said energy source modules with connecting
components for enabling said first type of energy
source modules to be connected to or included in a
propulsion system of a vehicle which includes said
vehicle chassis,

[0045] providing, on a second sub-assembly line, a
second type of said energy source modules with con-
necting components for enabling said second type of
energy source modules to be connected to or included
in said propulsion system of said vehicle, said second
type being a pressurized vessel containing a fluid,

[0046] selecting a number of energy source modules of
the first type and a number of energy source modules of
the second type, and mounting them to the support
structure on the main assembly line.

[0047] By preparing different energy source modules on
different sub-assembly lines, they can be provided in a
ready-to-install-state at the main assembly line. Therefore,
the installation onto the vehicle will be simple and efficient,
regardless of which one of the types of electric source
modules that is/are to be installed to the vehicle.

[0048] The advantages of the third aspect of the present
disclosure largely corresponds to the advantages of the
modular system of the first aspect, including any embodi-
ment thereof.

[0049] Generally, all terms used in the claims are to be
interpreted according to their ordinary meaning in the tech-
nical field, unless explicitly defined otherwise herein. All
references to “a/an/the element, apparatus, component,
means, step, etc.” are to be interpreted openly as referring to
at least one instance of the element, apparatus, component,
means, step, etc., unless explicitly stated otherwise. The
steps of any method disclosed herein do not have to be
performed in the exact order disclosed, unless explicitly
stated. Further features of, and advantages with, the present
invention will become apparent when studying the appended
claims and the following description. The skilled person
realizes that different features of the present invention may
be combined to create embodiments other than those
described in the following, without departing from the scope
of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] With reference to the appended drawings, below
follows a more detailed description of embodiments of the
invention cited as examples.

[0051] In the drawings:

[0052] FIG. 1 illustrates a vehicle for which at least some
exemplary embodiments of the invention may be imple-
mented.

[0053] FIG. 2 illustrates a support structure of a modular
system in accordance with at least one exemplary embodi-
ment of the invention.
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[0054] FIG. 3 illustrates a modular system in accordance
with at least one exemplary embodiment of the invention.
[0055] FIGS. 4a-4¢ schematically illustrate some different
configurations that are possible to install in accordance with
at least some exemplary embodiments of the invention.
[0056] FIGS. 5a-5b schematically illustrate that a support
structure is able to receive energy source modules of dif-
ferent dimensions, in accordance with at least some exem-
plary embodiments of the invention.

[0057] FIG. 6 schematically illustrates a method according
to at least one exemplary embodiment of the invention.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS OF THE INVENTION

[0058] The invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which certain aspects of the invention are shown. The
invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments and aspects set forth herein; rather, the embodiments
are provided by way of example so that this disclosure will
be thorough and complete, and will fully convey the scope
of the invention to those skilled in the art.

[0059] Accordingly, it is to be understood that the present
invention is not limited to the embodiments described herein
and illustrated in the drawings; rather, the skilled person will
recognize that many changes and modifications may be
made within the scope of the appended claims. Like refer-
ence numerals refer to like elements throughout the descrip-
tion.

[0060] FIG. 1 illustrates a vehicle for which at least some
exemplary embodiments of the invention may be imple-
mented. Although the vehicle 1 is illustrated in the form of
a truck, other types of vehicles, such as busses, construction
equipment, trailers, passenger cars or even boats may be
provided in accordance with the invention. The truck (ve-
hicle 1) comprises a cab 2 in which a driver may operate the
vehicle 1. The vehicle 1 comprises a frame structure, i.e. a
chassis 4 to which a modular system according to embodi-
ments of the present invention may be connected (not shown
in FIG. 1). The modular system may, for example, be
installed behind the cab 2. In other exemplary embodiments,
the modular system, and in particular the support structure
of the modular system, may be installed laterally of frame
rails of the chassis 4.

[0061] FIG. 2 illustrates schematically a support structure
10 of a modular system in accordance with at least one
exemplary embodiment of the invention. The support struc-
ture 10 is herein illustrated as an open cage structure for
receiving energy source modules. In the illustrated exem-
plary embodiment, the support structure 10 is a two-sided
support structure, having a first part 10a configured to be
located on the left side of a vehicle chassis and a second part
105 configured to be located on the right side of the chassis.
The first part 10a and the second part 105 are interconnected
by connecting elements 12 (only one shown in FIG. 2),
which may extend underneath the chassis. Although the
connecting elements 12 are configured to extend underneath
the chassis, the first and the second parts 10a, 105 will be
located generally laterally of the chassis, i.e. on respective
sides thereof. It should be understood that in other exem-
plary embodiments, the support structure 10 may have only
one part, and does not necessarily need to be connected
laterally of the chassis, as other locations may be more
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appropriate depending on the configuration of the individual
vehicle to which a support structure 10 is to be installed. In
the illustrated exemplary embodiments, the support structure
10 is provide with brackets 14 for attaching the support
structure 10 to the chassis. Suitable fastening elements, such
as bolts, may be driven through the brackets 14 and the
chassis to tighten the support structure 10 to the chassis. As
illustrated in FIG. 2, the support structure 10 may be
provided with partition portions 16 for dividing the available
space into individual compartments 18. This reduces the risk
of the energy source modules inadvertently bumping into
each other during driving. In the present illustration, there
are three compartments 18 on either side, which means that
the support structure 10 is prepared for receiving six energy
source modules. Although the compartments 18 have been
illustrated as having substantially the same dimensions,
many variations are conceivable. For instance, by removing
one partition portion 16, you create a compartment which is
approximately double the size of the other compartments 18,
which can thus receive an energy source module being twice
as large as the others. In other exemplary embodiments, the
location of the partition portions may be selectable, such that
different sizes of individual compartments may be provided.
The flexibility of choosing different sizes of energy source
modules is, in particular, advantageous for energy source
modules in the form of pressurized vessels containing gas or
liquid, as depending on the requirement of the volume of the
fluid to be installed, it may be more practical and economical
(and better utilization of available space) to install a large
vessel compared to several small ones.

[0062] The modular system may suitably comprise bush-
ings 19 for mounting the energy source modules to the
support structure in order to allow a certain amount of
relative motion between the support structure source and the
energy source modules when mounted. The bushings may
comprise first bushings having a first stifftness and second
bushings having a second stiffness which is different from
the first stiffness, wherein said first bushings are configured
for mounting energy source modules in the form of pres-
surized vessels and wherein said second bushings are con-
figured for mounting energy source modules in the form of
traction battery packs.

[0063] FIG. 3 illustrates a modular system 100 in accor-
dance with at least one exemplary embodiment of the
invention. In this exemplary embodiment the modular sys-
tem 100 comprises the support structure 10 illustrated in
FIG. 2, however, as may be readily understood, in other
exemplary embodiments the modular system 100 may have
a different support structure. The modular system 100 also
comprises a plurality of energy source modules 20, 30, 40
configured to be connected to or included in a propulsion
system of the vehicle to which the support structure 10 is
mounted. Each one of the energy source modules 20, 30, 40
has a rectangular cross-section. In particular, it should be
noted that at least one of said energy source modules 20, 30
is a pressurized vessel containing a fluid, such as a gas or a
liquid. This is in contrast to traditional configurations of
pressurized vessels, which traditionally have been provided
in the form of circular cylindrical containers. Such pressur-
ized vessels require specific handling, equipment and tools
when mounting them to a vehicle in a factory. By instead
providing the pressurized vessels 20, 30 with rectangular
cross-section, the installation and mounting is greatly facili-
tated as the same equipment and tools may be used as for
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other energy source modules 40, such as traction battery
packs, that also have rectangular cross section. It should be
noted that the interior of the pressurized vessel may include
rounded interior walls, as long as the outer configuration has
a rectangular cross-section, since the outer configuration
(not the inner configuration) is the facilitating factor in the
installation process at a factory.

[0064] In the illustrated exemplary embodiment, there are
shown six energy source modules 20, 30, 40, two of which
are in the form of traction battery packs 40, and the
remaining four are in the form of pressurized vessels 20, 30
containing a fluid, such as hydrogen in gaseous or liquid
state. As illustrated in FIG. 3, the energy source modules
may come in different sizes and different formfactors, but
they all have a rectangular cross-section.

[0065] According to at least some exemplary embodi-
ments of the present disclosure, each energy source module
20, 30, 40 has a rectangular cross-section in a geometrical
plane P which is perpendicular to the pitch axis of the
vehicle, i.e. a plane which extends in the vertical and
longitudinal direction of the vehicle. The energy source
modules 20, 30, 40 will normally be provided with different
connecting elements, routings, etc. which means that they
will have a designated orientation in which they should be
mounted to the support structure and thus relative to the
vehicle as well. Therefore, according to at least some
exemplary embodiments, each energy source module 20, 30,
40 has a designated inboard side configured to face towards
the centre of the vehicle when installed, a designated out-
board side configured to face away from the centre of the
vehicle. Thus, according to at least some exemplary embodi-
ments, each energy source module 20, 30, 40 has a rectan-
gular cross-section in a geometrical plane P which is parallel
to the inboard and or outboard side of the energy source
module. It should be noted that energy source modules 20,
30, 40 may have a rectangular cross-section in other planes
and directions as well. For instance, in FIG. 3 each one of
the two traction battery packs 40 has a substantially cuboid
shape, and thus has rectangular cross-section in three
orthogonal directions/planes. It should also be noted that
several energy source modules may be interconnected such
that one of the interconnected energy source module pro-
vides a common connection to the propulsion system. For
instance, several pressurized vessels may be interconnected
by suitable piping, and only one of them has a connection for
providing the fluid to the propulsion system.

[0066] As illustrated in FIG. 3, a first type of the pressur-
ized vessels 20 is, similarly to the traction battery packs 40,
substantially cuboid. The other three pressurized vessels 30
represent a second type and are here illustrated as having a
different formfactor. These other three traction battery packs
are illustrated as including the basic shape of the cuboid of
the first type, but has an additional shape in the form of a
smaller projection. Thus, each one of the illustrated second
type of pressurized vessels has a first larger cuboid portion
30a and a second smaller portion 305 projecting from the
first cuboid portion 30a. The second portion 305 is config-
ured to fit underneath the frame rails of the chassis, while the
cuboid portion 30a is configured to be located laterally of the
chassis. In this way, the smaller projecting portions 3056 add
extra available fluid volume that can be stored. For example,
the cuboid first type of pressurized vessel 20 may contain
270 litres of fluid, while each one of the larger second type
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pressurized vessels 30 may contain 420 litres. Other vol-
umes are of course conceivable as well.

[0067] It may be noted that in the illustrated exemplary
embodiments, the smaller projecting portions 305 also have
a rectangular cross-section, at least in geometrical planes P
perpendicular to the pitch axis.

[0068] It should be emphasized that FIG. 3 is merely an
illustrative exemplary embodiment to give an idea of dif-
ferent possibilities within the scope of the present invention.
It should, however, be understood that there are numerous
variations possible, and the specific choice of which kinds,
configurations and sizes of energy source modules that are
chosen to be used for a particular vehicle may depend on the
individual configuration of the vehicle, the requests of the
customer, etc.

[0069] For instance, in some exemplary embodiments
only cuboid pressurized vessels 20 are used. In some exem-
plary embodiments, only the second type of pressurized
vessels 30 are used. The number of the different types of the
energy source modules may also be chosen according to
needs. Thus, the number of traction battery packs 40 may be
more than two or may be just one.

[0070] FIGS. 4a-4¢ schematically illustrate some different
configurations that are possible to install in accordance with
at least some exemplary embodiments of the invention. The
schematic illustrations represent a vertical cross-section
taken perpendicular to the longitudinal direction of the
vehicle. In each one of FIGS. 4a-4¢ there is schematically
illustrated a central chassis frame 50. In each one of FIGS.
4a-4c¢ there is illustrated an energy source module located on
the left hand side of the frame 50 and an energy source
module located on the right side of the frame. These figures
show examples of different formfactors and setups between
the left hand side and the right hand side.

[0071] FIG. 4a illustrates a traction battery pack 40 on the
left hand side of the frame 50 and a gas-containing (or
liquid-containing) pressurized vessel 20 on the right hand
side of the frame. In this illustration, the traction battery
pack 40 may have substantially equally dimensioned sides,
while the pressurized vessel 20 may have a pair of opposite
sides with different dimensions than the other pairs of
opposite sides. However, in other exemplary embodiments,
the pressurized vessel 20 may have all sides of equal
dimensions, and in some exemplary embodiments the trac-
tion battery pack 40 may have a differentiating pair of
opposite sides. Thus, the present general inventive concept
is not limited to a specific size or overall shape of certain
energy source modules. For instance, a traction battery pack
40 and a pressurized vessel 20 may, in at least some
exemplary embodiments, share the same formfactor and
dimensions.

[0072] In the example illustrated in FIG. 45 the pressur-
ized vessel on the right hand side in FIG. 4a has been
replaced by a differently shaped gas-containing pressure
vessel 30. In FIG. 4b, a first large portion 30a of the
pressurized vessel has the same formfactor as the entire
pressurized vessel 20 of FIG. 4a, i.e. cuboid. However, in
addition to the cuboid first large portion 30q, there is also
provided a second smaller projecting portion 305, which
projects inboardly and underneath the frame 50.

[0073] FIG. 4c¢ illustrates a further alternative in which
both the left hand side and the right hand side is provided
with pressurized vessels 30 having a first large portion 30a,
which is cuboid, and a smaller projecting second portion
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3054. Since the second smaller projecting portions 305 proj-
ect from both the left hand side and the right hand side, they
will normally present shorter projections than when project-
ing only from one side (compare with FIG. 4b).

[0074] As understood from the drawings presented herein,
according to at least one exemplary embodiment, the second
smaller portion projects 305 from a lower region of the first
larger cuboid portion 30a.

[0075] FIGS. 5a-5b schematically illustrate that a support
structure 10 is able to receive energy source modules of
different dimensions, in accordance with at least some
exemplary embodiments of the invention. FIG. 5q illustrates
a support structure 10 which has received three energy
storage modules 60 of equal size. FIG. 55, however, illus-
trates that a corresponding support structure 10 has only
received two energy storage modules 60, 70, one of which
is approximately twice the size of the other one. Thus,
according to at least one exemplary embodiment, the cross-
sectional area of one of said energy source modules 70 is
approximately a multiple of any cross-sectional area of any
other one of said energy source modules 60. It should
however, be understood that in other exemplary embodi-
ments the size difference does not necessarily need to be a
multiple of another, but other dimensions are also conceiv-
able. For instance, in the illustrated example, if the larger
one of the energy source modules 70 in FIG. 56 is reduced
slightly in size, the support structure may be used for
receiving other items than just energy source modules.
[0076] The various different illustrated pressurized vessels
of the drawings may suitably contain a fluid selected from
the group consisting of hydrogen, petroleum gas, natural gas
and air, as already discussed elsewhere in this disclosure.
[0077] FIG. 6 schematically illustrates a method 1000
according to at least one exemplary embodiment of the
invention. More specifically, there is illustrated a method
1000 of installing, to a vehicle chassis, energy source
modules for a modular system disclosed herein. The method
1000 comprises:

[0078] in a step S1, providing the vehicle chassis on a
main assembly line,

[0079] in astep S2, connecting a support structure to the
vehicle chassis, the support structure defining a space
for receiving said energy source modules,

[0080] in a step S3, providing, on a first sub-assembly
line, a first type of said energy source modules with
connecting components for enabling said first type of
energy source modules to be connected to or included
in the propulsion system of the vehicle,

[0081] in a step S4, providing, on a second sub-assem-
bly line, a second type of said energy source modules
with connecting components for enabling said second
type of energy source modules to be connected to or
included in the propulsion system of the vehicle, said
second type being a pressurized vessel containing a
gas,

[0082] ina step S5, selecting a number of energy source
modules of the first type and a number of energy source
modules of the second type, and mounting them to the
support structure on the main assembly line.

[0083] It should be noted that the steps do not necessarily
have to be carried out in the listed order. For instance, steps
S3 and S4 may be performed simultaneously. Indeed steps
S3 and S4 may suitably be performed simultaneously with
steps S1 and S2.
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[0084] It is to be understood that the present invention is
not limited to the embodiments described above and illus-
trated in the drawings; rather, the skilled person will recog-
nize that many changes and modifications may be made
within the scope of the appended claims.

1. A modular system for a vehicle, comprising:

a plurality of energy source modules configured to be
connected to or included in a propulsion system of a
vehicle, each one of the energy source modules having
a rectangular cross-section, and

a support structure operatively connectable to a chassis of
the vehicle, the support structure defining a space for
receiving said energy source modules,

wherein at least one of said energy source modules is a
pressurized vessel containing a fluid.

2. The modular system according to claim 1, wherein at
least one of said energy source modules is a traction battery
pack.

3. The modular system according to claim 1, wherein at
least one of said energy source modules is cuboid.

4. The modular system according to claim 3, wherein the
at least one pressurized vessel is cuboid.

5. The modular system according to claim 1, wherein a
cross-sectional area of one of said energy source modules is
approximately a multiple of any cross-sectional area of any
other one of said energy source modules.

6. The modular system according to claim 1, wherein at
least one of said at least one pressurized vessel has a first
larger cuboid portion and a second smaller portion project-
ing from the first cuboid portion.

7. The modular system according to claim 1, further
comprising bushings for mounting said energy source mod-
ules to the support structure in order to allow a certain
amount of relative motion between the support structure and
the energy source modules when mounted.

8. The modular system according to claim 7, wherein said
bushings comprises first bushings having a first stiffness and
second bushings having a second stiffness which is different
from the first stiffness, wherein said first bushings are
configured for mounting energy source modules in the form
of pressurized vessels and wherein said second bushings are
configured for mounting energy source modules in the form
of traction battery packs.

9. The modular system according to claim 1, wherein said
support structure is in the form of an open cage structure
provided with brackets for connecting the support structure
to the chassis.

10. The modular system according to claim 1, wherein the
fluid contained in said pressurized vessel is selected from the
group consisting of:

hydrogen, in gaseous state or liquid state,

petroleum gas,

natural gas, and

non-fuel gas, such as air.

11. A vehicle comprising a modular system according to
claim 1, wherein the support structure is connected to a
chassis of the vehicle, wherein energy source modules are
provided in the support structure, wherein at least one of said
energy source modules is a pressurized vessel containing a
fluid.

12. A method of installing, to a vehicle chassis, energy
source modules for a modular system according to claim 1,
comprising:
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providing the vehicle chassis on a main assembly line,

connecting a support structure to the vehicle chassis, the
support structure defining a space for receiving said
energy source modules,

providing, on a first sub-assembly line, a first type of said
energy source modules with connecting components
for enabling said first type of energy source modules to
be connected to or included in a propulsion system of
a vehicle which includes said vehicle chassis,

providing, on a second sub-assembly line, a second type
of said energy source modules with connecting com-
ponents for enabling said second type of energy source
modules to be connected to or included in said propul-
sion system of said vehicle, said second type being a
pressurized vessel containing a fluid,

selecting a number of energy source modules of the first
type and a number of energy source modules of the
second type, and mounting them to the support struc-
ture on the main assembly line.

#* #* #* #* #*
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