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(54) TRANSPORTATION MODULE FOR TRANSPORTING A PLURALITY OF GAS CYLINDERS

(57) The present invention pertains to a transportation module (1), a modular transportation system (200), and a
method for providing said system (200) for transporting a plurality of gas cylinders (2) and which facilitates and increases
the safety of the transportation of gas cylinders while at the same time being compatible with automated solutions and
a variety of standardized transportation methods. Accordingly, a transportation module (1) is suggested, comprising a
support (3) for adjacently accommodating a plurality of gas cylinders (2) in a first direction (R1), and a first (10) and
second sidewall (12), which are arranged in parallel, wherein the support (3) is arranged between the sidewalls (10, 12)
and connected to the sidewalls (10, 12). Each of the sidewalls (10, 12) comprises a first (100) and second surface (120)
on opposing sides in a second direction (R2) perpendicular to the first direction (R1), wherein the first surface (100) is
configured to provide a stackable interface (140) with the second surface (120) of a second transportation module (1)
in the second direction (R2).
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Description
Technical Field

[0001] The invention relates to a transportation mod-
ule, a modular transportation system, and a method,
which facilitate the transportation of a plurality of gas cyl-
inders and provides an adaptable arrangement to meet
various needs and may be easily implemented to facili-
tate handling, filling, and distribution and storage of gas
cylinders, in particular, increasing safety and reducing
manual interaction.

Technological Background

[0002] Depending on regional availability and pre-
scribed or commonly acknowledged standards, a variety
of transportation equipment is used for the transportation
of various goods, such as wine racks, pellets, and med-
ical boxes. The used transportation equipment is gener-
ally not equally compatible or interchangeable for differ-
ent goods and in particular may not comply with cross-
border standards or requirements. For example, across
Europe, the Middle East, and Africa, different transpor-
tation equipment is used for the transportation of gas
cylinders. By the same token, regional standards may be
different, such that within Europe, forexample, standards
are not universally applicable, such that they may not be
compatible with other countries within the same region,
as is the case with e.g. RUK standards. This not only
provides logistical problems, but also provides challeng-
es with respect to the processing and handling of the
respective goods.

[0003] In particular, the handling of gas cylinders may
inflict safety issues as the handling of pressurized gas
cylinders requires the following of strict protocols and
may furthermore provide a health risk for a user required
to manually handle the respective gas cylinder at a facil-
ity, as gas cylinders often comprise the respective gas
as a pressure above 200 bar and furthermore comprise
considerable weight. In addition, the transportation of gas
cylinders requires specific safety measures in order to
avoid any malfunctions or safety issues due to e.g. falling
or tilting and considering the high pressure and potential
volatility of the comprise gases. However, when trans-
porting a plurality of gas cylinders to various countries,
the on route transportation means may not be compatible
with previously used transportation meets, such that
processing delays occur, manual handling is required,
and safety issues are again inflicted.

[0004] Furthermore, common transportation means
generally provide fixed arrangements, such that the re-
spective transportation means may not be adjusted and
is hence not adaptable to different needs or require-
ments, thereby providing an inefficient and potential in-
sufficient transportation, potentially increasing the safety
concerns with respect to the transportation of gas cylin-
ders.
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Summary of the invention

[0005] Itis an object of the present invention to provide
an improved transportation module and a modular trans-
portation system as well as a method for transporting a
plurality of gas cylinders that reduces the above prob-
lems.

[0006] Inafirstaspect, atransportation module is sug-
gested for transporting a plurality of gas cylinders, which
comprises a support for adjacently accommodating a plu-
rality of gas cylinders in a first direction, and a first and
second sidewall, which are arranged in parallel, wherein
the support is arranged between the sidewalls and con-
nected to the sidewalls. Furthermore, each of the side-
walls comprises a first and second surface on opposing
sides in a second direction perpendicular to the first di-
rection, wherein the first surface is configured to provide
a stackable interface with the second surface of a second
transportation module in the second direction.

[0007] Accordingly, the transportation module may be
stacked with a second transportation module via the in-
terface provided by the first surface and the second sur-
face of each of the sidewalls. The stack ability of the
transportation modules furthermore provides that the
height of a stacking arrangement of a plurality of trans-
portation modules may be easily adjusted by removing
and/or adding a respective number of transportation
modules. Hence, a modular setup to enable different
transportation purposes is provided, e.g., depending on
the required service, such as plant to plant or customer
deliveries, wherein the transportation equipment may be
adapted in size. The sidewalls preferably comprise a
length and a longitudinal direction, which at least corre-
sponds to a length of a respective gas cylinder in a lon-
gitudinal direction, such that, when the support accom-
modates a plurality of gas cylinders, none of the gas cyl-
inders extend beyond the sidewalls in a longitudinal di-
rection and are hence comprised within the transporta-
tion module.

[0008] While the first direction is defined by the ar-
rangement of the gas cylinders on or in the support, the
second direction is defined to be perpendicular to the first
direction and corresponds to a stacking direction, in other
words, a vertical orientation in a gravitational field.
[0009] The number of gas cylinders may be variable
and dependent on the design of the support. For exam-
ple, the support of the transportation module may accom-
modate five or six gas cylinders adjacently to each other,
but may also be designed to only accommodate two to
four gas cylinders having a respectively larger volume,
or more than six gas cylinders having a respectively
smaller volume. The gas cylinders may comprise stand-
ardized dimensions and hence preferably comprise a vol-
ume of up to 10 liters water capacity, preferably a pres-
surized and/or medical gas. Accordingly, the respective
gas cylinders or tanks may be manually placed and re-
moved from the support and at the same time may be
carried by a person. Alternatively, the gas cylinders may
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comprise a smaller or larger volume, e.g., about one liter
or more than 10 liters.

[0010] By means of the stackable design, a plurality of
transportation modules may be arranged in a stackable
manner, thereby minimizing the required volume for the
transportation while atthe same time increasing the safe-
ty of the transportation. In addition, the loading and un-
loading of gas cylinders is facilitated by providing a plu-
rality of gas cylinders in each module, such that in order
to remove a plurality of gas cylinders, a respective trans-
portation module may be removed. Furthermore, each
transportation module may hence be provided as a stock
keeping unit, also called SKU, comprising several gas
cylinders and which may be processed in storage and
transfer systems, preferably automated storage and
transfer systems, to avoid a manual intervention. Hence,
the transportation module may be implementedin alarge
variety of systems.

[0011] The arrangement of the accommodated gas
cylinders may be varied according to the requirements.
Accordingly, first direction may be perpendicular to a lon-
gitudinal axis of the plurality of gas cylinders. This at least
has the advantage that the gas cylinders are accommo-
dated side-by-side in an adjacent fashion, such that the
length of the support delimited by the sidewalls may be
minimized. While the number of gas cylinders may be
increased with respect to an adjacent arrangement of the
gas cylinders along a longitudinal axis of the gas cylin-
ders. The orientation of the first direction perpendicular
to a longitudinal axis of the plurality of gas cylinders is
particularly advantageous for gas cylinders having a larg-
er volume, e.g. five to ten liters water capacity.

[0012] Furthermore, the gas cylinders are preferably
arranged in series, thereby forming a single row of gas
cylinders on the support. However, in particular for small
gas cylinders, e.g. having a volume smaller than five lit-
ers, the gas cylinders may also be arranged in multiple
series, which are arranged in parallel with respect to the
longitudinal axis of the gas cylinders. For example, two
rows of gas cylinders may be accommodated by the sup-
port, wherein each role comprises the gas cylinders in
the first direction and the rows are arranged in parallel
to each other in a longitudinal direction of the gas cylin-
ders, such that the rows are arranged side by side at
respective longitudinal ends of the gas cylinders.
[0013] Alternatively, or in addition, the support may be
configured to accommodate each of the plurality of gas
cylinders such that the longitudinal axis of the plurality of
gas cylinders is orientated in parallel to the support. In
other words, the support may be configured to accom-
modate the gas cylinders in a lying fashion or in an es-
sentially horizontal plane in a gravitational field. This at
least has the advantage that, contrary to accommodating
day gas cylinders in a standing fashion, a height of the
transport module may be minimized, such that the trans-
portation module may accommodate a diameter of the
gas cylinders in the second direction. Furthermore, this
has the advantage that the center of gravity of each of
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the gas cylinders is in proximity to the support, such that
a risk of tilting or falling of the gas cylinders is reduced.
[0014] The first direction may also be perpendicular to
the first and second sidewall. This has the advantage
that the gas cylinders may be easily accessed, for exam-
ple, by providing openings between the sidewalls at the
support. This is particularly advantageous, when having
the first direction in an orientation perpendicular to the
first and second sidewall and at the same time perpen-
dicular to a longitudinal axis of the gas cylinders, such
that the respective ends of the gas cylinders in a longi-
tudinal direction extend into said openings between the
sidewalls. Accordingly, access is provided to each of the
gas cylinders, such that a removal or insertion of a re-
spective gas cylinder does not require a removal or tem-
porary modification of another gas cylinder.

[0015] In order to provide an improved interaction at
the interface, the first surface preferably comprises one
or more protrusions configured to be accommodated in
corresponding one or more recesses on the second sur-
face of a second transportation module. Preferably, the
first surface comprises a portion that is complementary
to the second surface.

[0016] For example, the one or more protrusions may
comprise an edged or rectangular shape while the one
or more recesses comprise a recess having a corre-
sponding and complementary geometry, wherein the re-
cess may either comprise dimensions to provide a press
fit connection with a respective protrusion or may be di-
mensioned by providing a minimal tolerance range with
respect to the dimensions of the protrusion. Accordingly,
the one or more protrusions and one or more recesses
together may prevent a sliding movement of the trans-
portation module with respects to a second transportation
module, which is connected via a respective interface, in
a third direction perpendicular to the first and second di-
rection. Alternatively, the protrusions may also comprise
a rounded, domed, or wedge shape, or may be formed
to provide a step that may be received by a correspond-
ingly shaped recess on the second surface of a second
transportation module.

[0017] Furthermore, the one or more protrusions may
be formed as a continuous insert and the one or more
recesses may be formed as a continuous sleeve. Pref-
erably, the insert and sleeve are arranged in parallel to
a direction corresponding to a longitudinal axis of a gas
cylinder accommodated by the support, wherein the con-
tinuous insert is preferably wedge-shaped, pyramid-
shaped, or comprises a rounded shape. The provision
of a continuous insert and continuous sleeve has the ad-
vantage that the mounting and removal of a respective
transportation module at the interface is facilitated,
wherein the insert and sleeve may furthermore provide
aguiding surface for asliding movement of the respective
transportation module.

[0018] In addition, the continuous insert may comprise
one or more further protrusions, which are disposed on
the surface of the continuous insert to provide a stopper
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or retaining element. Accordingly, the sleeve comprises
corresponding one or more recesses to receive the one
or more further protrusions. Hence, while the continuous
insert and continuous sleeve provide a guiding surface
and the transportation module may be slideably adjusted
at the interface, the provision of further protrusions en-
sures that the transportation module is slideably fixed in
the third direction, when the transportation module is
seated at the designated location for transportation with
respect to a second transportation module.

[0019] To accommodate the plurality of gas cylinders,
the first and second sidewall preferably extend beyond
the support in the second direction and are dimensioned
such that a distance between the first surface and the
second surface in the second direction comprises atleast
a height of a gas cylinder accommodated by the support
in a radial direction.

[0020] The support may hence be arranged between
the sidewalls in such a way that a diameter of and ac-
commodated gas cylinder does not extend beyond the
first surface, i.e. the support is arranged below the first
surface, and wherein the second surface extends beyond
the support, i.e. is arranged below the support. This has
the advantage that the accommodated gas cylinders are
fully comprised within the respective transportation mod-
ule while at the same time a spacing is provided, e.g.
with respect to a floor or bottom surface, to provide a
base or support that is protected from any detrimental
influences such as liquids or contaminations.

[0021] Preferably, the first and second sidewall are di-
mensioned such that an accommodated gas cylinder
does not extend beyond a respective lower or bottom
surface in the second direction. This has the advantage
that, e.g. a bottom transportation module in a stack of
transportation modules may serve as a base and the gas
cylinders at least are not being brought in contact with
any surface that potentially influences the arrangement
or orientation of the plurality of gas cylinders.

[0022] The first surface may be engageable with the
second surface of a second transportation module to
form a positive locking, a non-positive locking, and/or an
interference fit to slideably secure the transportation
module with respect to the second transportation module
in at least the first direction, preferably also in a third
direction perpendicular to the first and second direction.
For example, the first surface may comprise a geometry,
which matches a geometry of the second surface of a
respective second transportation module, such thatupon
assembly of said transportation modules the matching
geometries engage each other, wherein said geometries
are notreleasably engaged in the first and third direction,
but require a movement of at least one transportation
module, in the second direction and the first or third di-
rection. Alternatively, the engaging surfaces may be di-
mensioned to provide an interference fit or press fit en-
gagement.

[0023] Furthermore, the geometry of the first surface
and second surface of the first sidewall may be different
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from the respective surfaces of the second sidewall, to
ensure that a transportation module may only form an
interface with a second transportation module in a pre-
defined orientation. For example, the geometries of the
first and second surface between the first and second
sidewall may be asymmetric or mirror-symmetric.
[0024] To prevent further movement of the transporta-
tion module, at least one of the sidewalls may comprise
at least one securing element, which is configured to
slideably secure the transportation module with respect
to a second transportation module in at least the second
direction, preferably also in a third direction perpendicular
to the first and second direction. The securing element
preferably comprises a clamping device, a protruding el-
ement, and/or a press-fit element.

[0025] Accordingly, the securing element may, for ex-
ample, comprise a clamping device, which is at least par-
tially received by one of the sidewalls and is pivotable
around an axis between a securing position, wherein the
clamping device is configured to engage a geometry of
an adjacent sidewall of a second transportation module
to secure the transportation module with respect to a sec-
ond transportation module in at least the second direc-
tion, and an open position, wherein the clamping device
is configured to disengage a geometry of an adjacent
sidewall of a second transportation module to allow that
the first and second transportation modules may be
moved with respect to each other in at least the second
direction. To facilitate the engagement of the clamping
device with the geometry of the second transportation
module the clamping device may comprise a biasing
member, e.g. resilient element such as a spring, which
biases the clamping device in the securing position.
[0026] Alternatively, or in addition, the securing ele-
ment may comprise a protruding element, which is pref-
erably arranged on a first surface of a sidewall and is
configured to engage a geometry in or on the lower sur-
face of an adjacent sidewall of a second transportation
module. For example, the protruding element may com-
prise a protrusion or hook, which engages a correspond-
ing structure of the second transportation module, where-
in the protruding element at least partially comprises a
resilient portion. Accordingly, the protruding element may
be deformed upon insertion and substantially attains its
original shape and/or position in an inserted state, such
that the protruding element secures the first transporta-
tion module to the second transportation module. For ex-
ample, the protruding element may provide a notch ef-
fect, stress concentration, and/or edge pressure.
[0027] By the same token, the securing element may
comprise a press-fit element, which is preferably ar-
ranged on a surface or within a cavity at an end of a
sidewall in the second direction. For example, the lower
surface of a sidewall of a first transportation module may
be slideably received by an upper surface of an adjacent
sidewall of a second transportation module, wherein the
press-fit element may be arranged on either one or both
of the surfaces. Preferably, the press-fit element com-
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prises a deformable and resilient member, such that the
press-fit element extends in the first direction upon com-
pression, e.g. when the lower surface of a sidewall of the
first transportation module is slideably received by the
upper surface of the adjacent sidewall of the second
transportation module. Accordingly, the press-fitelement
at least partially fills the cavity, thereby providing a fric-
tional force impairing a relative movement of the first
transportation module with respect to the second trans-
portation module in at least the second direction.
[0028] The securing element may also be configured
as a first and a second securing element, which are ar-
ranged such that the first securing element is engageable
with the second securing element of a second transpor-
tation module to slideably secure the transportation mod-
ule with respect to the second transportation module in
at least the second direction.

[0029] Forexample, eachsidewall may comprise afirst
and second securing element at an outer surface in the
first direction or at an outer surface in a third direction
perpendicular to the first and second direction. Accord-
ingly, each sidewall may comprise a hook and/or detent,
e.g. disposed above each other in a second direction,
which may engage a corresponding key and/or slot, re-
spectively, of a corresponding second transportation
module, to thereby securely attach the transportation
modules with respect to each other in the second direc-
tion. Preferably, the securing elements also slideably se-
cure the transportation module with respect to the second
transportation module in the third direction. The securing
elements may also be provided as is clamping elements,
latches, and/or locks.

[0030] Furthermore, a plurality of securing elements
may be provided, either as a single securing element
and/or as a first and second securing element. Accord-
ingly, the first and second securing elements may be pro-
vided as an alternative or additional to the securing ele-
ment.

[0031] To fix the plurality of accommodated gas cylin-
ders to the support, the transportation module may fur-
ther comprise a retaining element arranged between,
perpendicular to, and at at least one end face in a longi-
tudinal direction of the sidewalls, which is configured to
retain a plurality of gas cylinders accommodated by the
support in a third direction perpendicular to the first and
second direction. Preferably, the retaining elementis me-
chanically connected to the sidewalls and the support,
wherein the retaining element may comprise a third side-
wall, a rod and/or roll-up door.

[0032] For example, the end face may correspond to
an outer surface in a third direction perpendicular to the
first and second direction, as described in the above, or
may be provided in a corresponding region at an outer
surface in the first direction. At least one retaining ele-
ment may be configured as a third sidewall, which is ar-
ranged between and is perpendicular to the first and sec-
ond sidewall. The provision of a third sidewall at least
has the advantage that a further structural stability is pro-
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vided for the transportation module while at the same
time, the third sidewall may prevent a sliding movement
of accommodated gas cylindersin alongitudinal direction
beyond the third sidewall. Accordingly, the third sidewall
not only provides mechanical and structural stability, but
also provides a retaining element for the plurality of gas
cylinders to be accommodated by the support.

[0033] In addition, or alternatively, a retaining element
may be provided, either at the same end face or at an
opposing end face, as a fixing rod or bar, which securely
fixes the plurality of gas cylinders to be accommodated
in the transportation module. By the same token, an end
wall, preferably a rollable and wall may be provided,
which closes an open end of the transportation module
at the respective end face.

[0034] Furthermore, the support preferably defines a
plane, which is tilted with respect to the first and/or sec-
ond surface, preferably with an angle between 1 and 25
degrees, more preferably between 5 and 10 degrees.
The tilting of the support facilitates a fixation of the re-
spective gas cylinders in at least the second direction.
Furthermore, the tilting may provide that handling of the
respective transportation module is facilitated by provid-
ing an additional spacing of the plurality of accommodat-
ed gas cylinders with respect to one of the surfaces. In
addition, the removal and insertion of a respective gas
cylinder is likewise facilitated since a larger area of a
respective gas cylinder may be accessed.

[0035] Tofixthe plurality ofgas cylindersinthe support,
the support may also comprise a plurality of apertures
sized to accommodate each of the plurality of gas cylin-
ders and to retain the gas cylinders in a second direction,
wherein the support preferably comprises a plurality of
rods that are spaced apart to define the plurality of ap-
ertures. Preferably, the supportaccommodates a circum-
ferential surface of the gas cylinder to be accommodated.
[0036] For example, the support may be provided by
a bar or third sidewall perpendicular to the first and sec-
ond sidewall and arranged at an end face or outer surface
of the first and second sidewall in a third direction per-
pendicular to the first and second direction, wherein a
plurality of rods extend from the bar or third sidewall in
said third direction from one end to the opposing end of
the first and second sidewalls in a longitudinal direction.
Hence, for each gas cylinder two corresponding rods are
provided, wherein the rods arranged between two of the
accommodated gas cylinders may be shared by the re-
spective gas cylinders. The spacing between each of the
two rods furthermore provides that a circumference of a
respective gas cylinder is accommodated, i.e. extends
beyond the support, wherein the spacing is limited by the
diameter of the respective gas cylinders in order to ac-
commodate a gas cylinder yet prevent the respective gas
cylinder from falling through the respective aperture.
[0037] Furthermore, the rods may be provided as a
single or a plurality of continuous rods, which are bent at
the opposing and of the sidewalls in a longitudinal direc-
tion to accommodate a respective end of a respective
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gas cylinder, thereby simultaneously fixing the gas cyl-
inder with respect to the third direction.

[0038] Alternatively, the fixation of the plurality of gas
cylinders may be provided by a support having an es-
sential continuous surface with plurality of apertures. By
the same token, a support may be provided, comprising
a plurality of stopping elements or protrusions disposed
to accommodate a specific dimension of gas cylinder.
[0039] To improve the handling of a respective trans-
portation module, the sidewalls preferably each comprise
at least one gripping part, wherein the gripping part is
preferably configured for an automated robotic system.
The gripping part may hence be formed e.g. as a latch,
handlebar, and/or recess to facilitate the transportation
of the respective transportation module. Furthermore,
the gripping part may comprise mechanical elements
such as clamps or hooks, which are engageable with
robotic systems to provide e.g. an automatic storage
and/or transfer system. Such automatic handling may be
furthermore facilitated by providing e.g. a scannable el-
ement, such as a barcode representing specific informa-
tion with regard to the respective transportation module.
Accordingly, the transportation module may be handled
as a SKU, wherein the handling is facilitated by the re-
spective gripping parts. Hence, the efficiency of a supply
chain for the filling and distribution of gas cylinders is
increased.

[0040] For further transportation of the respective gas
cylinders, the support may be configured to accommo-
date at least one carrying device for at least one gas
cylinder, preferably two or four gas cylinders, wherein
the carrying device preferably comprises a gripping part.
[0041] For example, the carrying device may be con-
figured as an essentially rectangular shape, having at
least one recess, which is dimensioned to accommodate
a diameter of a respective gas cylinder, wherein a height
of the recess ensures that a gas cylinder accommodated
inthe recess is prevented from tilting, e.g. having a height
between one tenth and one third of the gas cylinder. The
carrying device preferably comprises two or four recess-
es to accommodate a corresponding number of gas cyl-
inders.

[0042] Preferably, the carrying device is furthermore
configured to carry gas cylinders between one and five
liters water capacity, such that the carrying device and
the accommodated gas cylinders may be carried by one
person. The gripping parts may be provided by a handle
or handlebar, which is pivotably secured to the carrying
device at to pivot points at opposing sides of the carrying
device. Furthermore, the handle or handlebar may be
sized in such a way that at least one carrying device may
be accommodated by the support, when the handlebar
of said carrying device is orientated in a longitudinal di-
rection of the first and second sidewalls. Hence, a trans-
portation module accommodating at least one carrying
device may also be used as a separate SKU.

[0043] The provision of at least one carrying device
furthermore has the advantage that a direct delivery to
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end customers may be provided, enabling the customers
to remove a respective gas cylinder and accommodate
the gas cylinder. In a carrying device, such that the re-
spective gas cylinder may be transported to the required
location for further use. In other words, internal transpor-
tations within a facility are facilitated.

[0044] According to a further aspect of the invention,
atransportation system for transporting a plurality of gas
cylindersis suggested, comprising a base part, atop part,
and a plurality of transportation modules as described in
the above. The base part is fixed to one of the transpor-
tation modules, preferably a bottom one of the transpor-
tation modules, and the top part is connected to a top
one of the transportation modules, wherein the plurality
of transportation modules are stackably arranged on
each other in the second direction via a respective inter-
face.

[0045] While the base part may be formed by arespec-
tive bottom or lower transportation module in the arrange-
ment of transportation modules, the base part is prefer-
ably configured to be compatible with internal transpor-
tation means at the facility, existing supply chain means,
and/or automated storage and transfer systems. For ex-
ample, the base part may comprise one or more openings
that may be engaged by e.g. forklifts and robotic systems
while atthe same time being configured to provide further
structural stability, e.g. by cross bars and/or a plurality of
layers. For example, the base part may have a configu-
ration essentially corresponding to existing pallet struc-
tures, e.g. across Europe or the RUK. Accordingly, the
base part may be adapted to local and/or international
requirements, thereby increasing the compatibility with
existing and future solutions.

[0046] Preferably, the base part and top part comprise
a surface complementary to a respective surface of the
transportation module. Accordingly, the base part and
top part may be easily integrated in a modular transpor-
tation system and the structural stability is furthermore
improved. Furthermore, the base part may comprise a
fixation element configured as a second securing ele-
ment that corresponds to a first securing element ar-
ranged on a bottom transportation module, such that the
fixation of the base part to the arrangement of transpor-
tation modules is facilitated.

[0047] To enable handling and internal transportation
at a delivery endpoint, e.g. a facility, the top part may be
configured to accommodate at least one carrying device
for at least one gas cylinder, preferably two or four gas
cylinders, wherein the carrying device preferably com-
prises a gripping part. As described in the above, such
carrying device provides that's a person or customer may
carry a plurality of gas cylinders within a facility to a re-
quired location. Furthermore, the top part may hence be
configured depending on the requirements of the respec-
tive endpoint, such that the top part may be configured
as a modular top part either comprising at least one car-
rying device or being configured to carry a plurality of gas
cylinders, thereby corresponding to the transportation
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module.

[0048] According to a further aspect of the invention,
a method for providing a transportation module system
for a plurality of gas cylinders is suggested, comprising
the steps of providing a base part, arranging an assembly
of a plurality of transportation modules as described in
the above on the base part, and arranging a top part on
the assembly of a plurality of transportation modules. Fur-
thermore, the plurality of transportation modules are ar-
ranged in the assembly in a stackable manner in the sec-
ond direction via a respective interface. The method is
preferably provided by an automated robotic system, e.g.
an automated storage and transfer system.

[0049] In order to adjust the modular transportation
system, the method may further comprise the steps of
removing the top part, removing one or more transpor-
tation modules from and/or adding one or more transpor-
tation modules to the assembly in a stackable manner in
the second direction via a respective interface, and ar-
ranging the top part to the assembly. Accordingly, a sim-
ple and reliable method is provided by the modular sys-
tem.

[0050] By providing a plurality of stackable transporta-
tion modules, the transportation modules may be easily
arranged as a modular transportation system, wherein a
height of the transportation system is adjustable by the
number of transportation modules depending on the re-
quirements and needs at an endpoint or facility. In par-
ticular, by providing corresponding gripping parts, the
method may be automated by a robotic system, such that
a supply chain of filling and distributing of a plurality of
gas cylinders is facilitated. Accordingly, the processing
speed of SKUs and the corresponding assembly of said
SKUs is accelerated and facilitated while at the same
time a manual intervention may be avoided, thereby in-
creasing the safety and accuracy of the processing.

Brief description of the drawings

[0051] The present disclosure will be more readily ap-
preciated by reference to the following detailed descrip-
tion when being considered in connection with the ac-
companying drawings in which:

Figure 1A is a schematic top view of a transportation
module accommodating a plurality of gas cylinders;

Figure 1B is a schematic side view of the embodi-
ment according to Figure 1 seen from a longitudinal
direction of the respective gas cylinders;

Figure 2 is a schematic side view of a transportation
module accommodating a plurality of gas cylinders
seen from the first direction and having a tilted sup-
port;

Figure 3 is a schematic top view of a transportation
module accommodating a plurality of gas cylinders
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according to another embodiment;

Figure 4 is a schematic side view of a transportation
module accommodating a plurality of gas cylinders
seen from a sidewall from the first direction;

Figure 5A to 5C schematically depict various em-
bodiments of the first and second sidewalls as seen
from the third direction;

Figure 6 is a schematic perspective view of a carrying
device accommodating a gas cylinder;

Figure 7 is a schematic view of a modular transpor-
tation system seen from the third direction;

Figure 8A and 8B are schematic cross-sectional
views of the first and second sidewalls with a clamp-
ing device as seen from the third direction;

Figure 9A to 9C are schematic cross-sectional views
of the first and second sidewalls with a protruding
element as seen from the third direction, and

Figure 10 are schematic cross-sectional views of the
first and second sidewalls with a press-fit element

as seen from the third direction.

Detailed description of preferred embodiments

[0052] In the following, the invention will be explained
in more detail with reference to the accompanying fig-
ures. In the Figures, like elements are denoted by iden-
tical reference numerals and repeated description there-
of may be omitted in order to avoid redundancies.
[0053] In Figure 1 a transportation module 1 is sche-
matically depicted from a top view accommodating a plu-
rality of gas cylinders 2. The gas cylinders 2 are arranged
adjacently to each other and are supported by a support
3. The support 3 is arranged between a first sidewall 10
and a second sidewall 12 and is connected to and held
by said sidewalls 10, 12. Accordingly, the plurality of gas
cylinders 2 are arranged adjacently to each other in a
first direction R1, which according to the embodiment is
orientated in a direction perpendicular to the first sidewall
10 and the second sidewall 12. Furthermore, the plurality
of gas cylinders 2 are arranged such that a longitudinal
axis of the respective gas cylinders 2 is orientated in par-
allel to both the first sidewall 10 and the second sidewall
12.

[0054] The first sidewall 10 and the second sidewall
12 each comprise a first surface 100 and a second sur-
face (not shown). The first surface 100 of each of the first
sidewall 10 and second sidewall 12 is configured to pro-
vide a stackable interface with a second surface of a sec-
ond transportation module (not shown). Accordingly, the
first surface 100 comprises a plurality of protrusions 110,
which are spaced apart from each other, such that upon
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assembly, i.e. stacking, of the transportation module 1
with a second transportation module, said protrusions
110 engage corresponding recesses (not shown). Ac-
cordingly, the protrusions 110 provide that the transpor-
tation module 1 is slideably fixed in a direction corre-
sponding to a longitudinal axis of each of the sidewalls
10, 12.

[0055] Figure 1B schematically depicts the embodi-
ment according to Figure 1A from a side view seen from
a longitudinal direction of the respective gas cylinders 2,
wherein the plurality of gas cylinders 2 are adjacently
arranged in the first direction R1, e.g., in an essentially
horizontal orientation. As indicated in Figure 1B, the plu-
rality of protrusions 110 at the first surface 100 are con-
figured to have a wedge shape or pyramid shape, where-
in the plurality of recesses 130 at the second surface 120
comprise a corresponding shape. Accordingly, the first
sidewall 10 and a second sidewall 12 provide first and
second surfaces 110, 120 that match in geometry, such
that the transportation module 1 is stackable in a second
direction perpendicular to the first direction R1, e.g., in a
vertical orientation.

[0056] In addition, the support 3 is arranged between
the first sidewall 10 and the second sidewall 12, such
that the first sidewall 10 and the second sidewall 12 ex-
tend beyond the gas cylinders 2 in a radial direction,
which corresponds to the second direction R2 according
to Figure 1B. Accordingly, the gas cylinders 2 are fully
comprised within the transportation module 1.

[0057] A transportation module 1 accommodating a
plurality of gas cylinders 2 and having a tilted support 3
is schematically depicted in Figure 2 from a side view
and seen from the first direction. Accordingly, although
the gas cylinders 2 are accommodated in the support 3
in a parallel manner, a plane defined by the support 3 is
tilted with respect to both the second surface 120 and
the first surface 100, schematically depicted by an angle
of about 15°. The provided tilting of the gas cylinders 2
ensures thatthe gas cylinders 2 are held or securely fixed
in a second direction R2, e.g. a vertical direction in a
gravitational field. Furthermore, it is shown that the gas
cylinders 2 are accommodated by the support 3 in such
away that a circumference of the gas cylinders 2 extends
beyond the support 3. However, although the gas cylin-
ders 2 extend beyond the first surface 100 and the second
direction R2, the gas cylinders 2 do not extend beyond
the second surface 120 at a respective lower longitudinal
endpoint of the gas cylinders 2.

[0058] Furthermore, to secure the transportation mod-
ule 1in at least a second direction R2, the sidewall com-
prises afirst securing element 150 and a second securing
element 160, which are arranged at an end face of the
sidewall in alongitudinal direction of the sidewall, wherein
the first securing element 150 is disposed below the sec-
ond securing element 160, such that the first securing
element 150 of the transportation module 1 may engage
the second securing element 160 of a second transpor-
tation module (not shown). Accordingly, the first securing
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element 150 and the second securing element 160 are
also configured to prevent a slidable movement of the
transportation module 1 in a third direction R3, which is
perpendicular to the first direction (not shown) and the
second direction R2.

[0059] According to another embodiment, the support
may be provided by a plurality of rods 32, as schemati-
cally depictedin Figure 3inatop view. The rods 32 extend
from a third sidewall 14 arranged at an end surface of
the first sidewall 10 and the second sidewall 12 in a lon-
gitudinal direction of the sidewalls 10, 12, and comprising
an orientation corresponding to the first direction R1.
Each pair of rods 32 defines an aperture 30 there be-
tween to accommodate a part of the circumference of a
respective gas cylinder 2, such that the gas cylinders 2
are held by the rods 32. Furthermore, the third sidewall
14 is configured to prevent a sliding movement of an end
of the gas cylinders 2 in a longitudinal direction beyond
the third sidewall 14. In order to prevent a sliding move-
ment of the gas cylinders 2 in a longitudinal direction
extending from the opposing end of the gas cylinders 2,
a retaining element 4 is provided at the opposing end,
which is arranged between the first sidewall 10 and the
second sidewall 12 in the first direction R1.

[0060] To facilitate the handling of the transportation
module 1, the first sidewall 10 and the second sidewall
12 comprise a plurality of gripping parts 5 arranged at in
outer surface in the first direction R1. Said gripping parts
5 may be configured to both allow a manual handling as
well as a handling by an automated robotic system.
[0061] The gripping parts 5 are shown in more detail
in Figure 4, in a schematic side view of the transportation
module 1 seen from a sidewall 10, 12 from the first di-
rection R1. Accordingly, the gripping parts 5 may com-
prise a mechanical element 50, which may be engaged
by an automated robotic system, such that the transpor-
tation module 1 may be slideably moved and/or lifted. In
addition, the gripping part 5 comprises a recess, such
that a manual handling of the transportation module 1 is
also enabled.

[0062] As the transportation module 1 may be config-
ured as a SKU, the transportation module 1 also com-
prises a scannable element 6, e.g. a barcode, which may
be manually scanned by a user, but may also be auto-
matically detectable by an automated robotic system to
identify the SKU and the corresponding plurality of gas
cylinders 2.

[0063] In Figure 5A to 5C various embodiments of the
first and second sidewalls are depicted as seen from the
third direction R3. Accordingly, Figure 5A, shows a side-
wall having a first surface 100 and second surface 120,
which are configured as a continuous wedge shape,
thereby providing a guiding surface while at the same
time biasing the transportation module 1 in the first di-
rection R1, when assembling or stacking the transporta-
tion module 1 on a second transportation module.
[0064] By the same token, the first surface 100 and the
second surface 120 according to the embodiment of fig-
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ure 5B comprise a step, forming a similar guiding and
biasing surface, as described for the embodiment of Fig-
ure 5A. Accordingly, the configuration of the first surface
100 and a second surface 120 as a step also ensures
that the transportation module 1 is slideably fixed in the
first direction R1.

[0065] Inthe embodiment according to Figure 5C, the
first surface 100 is surrounded or dome-shaped in a con-
tinuous fashion in a longitudinal direction of the sidewall.
The second surface 120 comprises a corresponding or
matching geometry, i.e. having a recess, which is round-
ed or dome-shaped, thereby providing a cavity to receive
the first surface 100. Accordingly, the first surface 100 of
the transportation module 1 may only be coupled to a
second surface of a second transportation module in a
sliding direction. This has the advantage that the trans-
portation module 1 is not only securely fixed in the first
direction R1, but also in the second direction R2, i.e. in
the vertical orientation in a gravitational field.

[0066] Figure 6 schematically shows an embodiment
of a caring device 20 in a perspective view. The caring
device 20 is configured as an essentially rectangular
shape, having a plurality of apertures 24 to accommodate
a corresponding number of gas cylinders 2. A height of
the aperture 24 is thereby configured to prevent a tilting
of an accommodated gas cylinder 2. Furthermore, in or-
der to facilitate the transportation and carrying of the car-
rying device 20, and a caring device 20 comprises a grip-
ping part 22, which is arranged at opposing sides of the
caring device 20 in a pivotable manner around a pivot
26. Accordingly, the gripping part 22 may be turned or
folded in a circular fashion around the carrying device
20. To further facilitate the transportation of the plurality
of gas cylinders 2, the gripping part 22 furthermore com-
prises a length that extends beyond the length of the gas
cylinder 2 in a longitudinal direction.

[0067] A modular transportation system 200 compris-
ing a plurality of transportation modules 1 is schemati-
cally depicted in Figure 7 seen from the third direction
R3. According to the embodiment, four transportation
modules 1 are arranged in a stackable matter in the sec-
ond direction R2 via a respective interface 140 provided
by the first surface 100 and the second surface 120. The
first surface 100 and the second surface 120 comprise
a wedge or pyramid shape, resembling the configuration
according to the embodiment of Figure 1B, wherein the
first surface 100 and the second surface 120 are config-
ured as continuous inserts and sleeves, respectively.
[0068] Furthermore, a base part 220 is provided at the
bottom of the modular transportation system 200, where-
in sidewalls of the base part 220 comprise a top surface
corresponding to the second surface 120 of the bottom
or lower transportation module 1. Accordingly, the trans-
portation modules 1 are slideably fixed with respect to
the base part 220 in the first direction R1.

[0069] In addition, the base part 220 is fixed to the bot-
tom or lower transportation module 1 by means of a base
part fixation 222. According to the embodiment, the base
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part fixation 222 corresponds to the first second securing
element 150, 160, described in the above, wherein the
base part 222 comprises a second securing element that
is engaged by the first securing element of the bottom or
lower transportation module 1. Accordingly, the base part
fixation 222 ensures that the bottom or lower transporta-
tion module 1 is securely fixed to the base part 220 in
the second direction R2.

[0070] Also provided is a top part 240, wherein side-
walls of the top part 240 comprise a bottom surface cor-
responding to the first surface 100 of the top or upper
transportation module 1. Accordingly, the transportation
modules 1 are slideably fixed with respect to the top part
240 in the first direction R1. The top part 240 furthermore
comprises several carrying devices 20, which may be
removed by a user or customer at a facility to enable an
internal transportation of one or more gas cylinders 2 in
the facility towards a required location.

[0071] Inorderto move the transportation system 200,
the base part 220 furthermore comprises a plurality of
openings 224, which may be engaged by a correspond-
ing transportation means, e.g. a forklift or an automated
robotic system.

[0072] Inaddition, aretaining elementmay be provided
at an end face of the sidewalls 10, 12, e.g. a rolling door
or wall (not shown), which securely fixes the base part
220, the plurality of transportation modules 1, and the
top part 240 in a third direction R3.

[0073] Figure8Aand 8B are schematic cross-sectional
views of the first and second sidewalls with a clamping
device 170 as seen from the third direction R3. Accord-
ingly, the clamping device 170is atleast partially received
in a cavity 174 of a sidewall. The clamping device 170 is
pivotable around an axis or pivot point 176 between a
securing position as depicted in Figure 8A, wherein the
upper part of the clamping device 179 is configured to
engage a geometry of an adjacent sidewall of a second
transportation module to secure the transportation mod-
ule with respect to a second transportation module in at
least the second direction, and an open position as de-
picted in Figure 8B, the wherein the clamping device 176
is configured to disengage a geometry of an adjacent
sidewall of a second transportation module to allow that
the first and second transportation modules may be
moved with respect to each other in at least the second
direction.

[0074] To facilitate the engagement of the clamping
device 176 with the geometry of the second transporta-
tion module the clamping device 176 comprises a biasing
member 172, depicted in Figure 8A and 8B as a coiled
spring, which biases the clamping device 170 in the se-
curing position. Accordingly, a movement in the second
direction R2 (not shown) is essentially prevented in the
secured position of the clamping device 170.

[0075] By pressing the lower part of the clamping de-
vice 178 in a first pushing direction P1 (Figure 8B), the
biasing force exerted by the biasing member 172 is over-
come, thereby causing the clamping device 170 to pivot
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around the pivot point 176, such that the upper part of
the clamping device 179 is brought into the open position
and disengages the geometry of the second transporta-
tion module. Accordingly, the first and second transpor-
tation module may be moved relatively to each other in
the second direction (not shown).

[0076] Alternative embodiments of the securing ele-
ment are depicted in Figures 9A to 9C, which schemat-
ically depict the first and second sidewalls with a protrud-
ing element as seen from the third direction. Accordingly,
a protruding element 180 is shown in Figure 9A, which
is arranged on a first surface 100 of a sidewall and is
configured to engage a geometry in the lower or second
surface 120 of an adjacent sidewall of a second trans-
portation module. The protruding element 180 comprises
a protrusion hook-shape at the upper part of the protrud-
ing element 189, which is received by a cavity 184 of the
second transportation module and engages a corre-
sponding structure of the second transportation module.
The protruding element is at least partially a resilient,
such that the insertion of the protruding element 180 into
the cavity 184 is facilitated yet substantially attains its
original shape and/or position in the inserted state, such
that the protruding element 180 secures the first trans-
portation module to the second transportation module in
at least the second direction (not shown), e.g. by provid-
ing a notch effect, stress concentration, and/or edge
pressure.

[0077] In a further alternative embodiment of the se-
curing element as depicted in Figure 9B, the protruding
element 180 comprises an extended resilient portion,
which is connected to an inner surface of the first surface
100 and is accordingly received in a cavity of said first
surface 100. Accordingly, the insertion of the protruding
element 180 into the cavity 184 is further facilitated while
atthe same time a biasing force is exerted by the extend-
ed resilient portion, thereby biasing the protruding ele-
ment 180 into the securing position in an inserted state.
[0078] Bythesame token, protruding element 180 may
comprise, alternatively or in addition to the extended re-
silient member depicted in Figure 9B, a biasing member
182, as depicted in Figure 9C. For example, the biasing
member 182 may be formed as a leaf spring, which is
arranged on the first surface 100 and further biases the
protruding element 180 into the securing position.
[0079] As can be seen in Figures 9A to 9C, the cavity
184 preferably comprises an opening or through-hole in
alateral direction, i.e. in the second direction (not shown),
such that the upper part of the protruding element 189
may be displaced. Accordingly, the through-hole may
provide that the protruding element 180 may be biased
into an opening position, such that the first and second
transportation module may be moved relative to each
other in at least the second direction.

[0080] In addition, the through-hole may be provided
at the surface of the transportation module facing the
plurality of gas cylinders, i.e. facing the support (not
shown) or on the surface facing away from the support,
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i.e. the outer side.

[0081] Furthermore, the securing element may com-
prise a press-fit element 190 as shown in Figures 10A
and 10C. Accordingly, the press-fit element 190 is ar-
ranged both on second surface 120 and within a cavity
194 of the first surface 100 at ends of the respective side-
wall in the second direction. Accordingly, as depicted in
Figure 10A, the lower surface of a sidewall of a first trans-
portation module may be slideably received by an upper
surface ofan adjacentsidewall of a second transportation
module. The press-fit element 190 is formed as a de-
formable member made and hence comprises a resilient
member 199, such that said resilient member may form
a semi-circular structure in the state, wherein the lower
surface of a sidewall of a first transportation module is
not received by an upper surface of an adjacent sidewall
of a second transportation module (Figure 10A). Instead
of such semi-circular shape other geometrical shapes
may be provide, e.g. an ellipsoid or essentially rectangu-
lar structure.

[0082] When the lower surface of the sidewall of the
first transportation module is slideably received by the
upper surface of the adjacent sidewall of the second
transportation module (Figure 10B) by insertion in the
second pushing direction P2, the resilient member199 of
the press-fit element 190 extends in the first direction
(not shown) due to compressive forces. Accordingly, the
press-fit element 190 at least partially fills the cavity 194,
thereby providing a frictional force impairing a relative
movement of the first transportation module with respect
tothe second transportation module in atleast the second
direction (not shown). It may be provided that said ex-
tension in the first direction depends on the weight of the
second transportation, such that the frictional force is in-
creased when a second transportation module placed on
top of the first transportation module is loaded with gas
cylinders.

[0083] Although the embodiment according to Figure
10 depicts the first surface 100 as the receiving end of
the sidewall, the configuration may also be inverted, such
that the first surface 100 is received by the second sur-
face 120, depending on the desired shape of the trans-
portation module.

[0084] The embodiments shown in Figures 8 to 10
hence provide securing elements, which either on itself
or combined as a plurality of spaced apart securing ele-
ments secure the first and second transportation module
in at least the second direction. Furthermore, such se-
curing elements may be provided, alternatively or in ad-
dition, as a first securing element 150 and second ele-
ment 160, e.g. as depicted in Figure 2. Accordingly, the
clamping device 170, the protruding element 180, and/or
the press-fit element 190 may be added to or replaced
by the first and second securing element 150, 160 and
vice versa. The arrangement of said securing element s
may hence also be varied, such that they may be ar-
ranged on e.g. ends of the respective sidewall, asym-
metrically, or evenly distributed in the third direction.
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It will be obvious for a person skilled in the art
that these embodiments and items only depict examples

of a plurality of possibilities. Hence, the embodiments
shown here should not be understood to form a limitation

of these features and configurations. Any possible com- 5
bination and configuration of the described features can

be chosen according to the scope of the invention.

List of reference numerals

[0086]

1
10

12

14

100
110
120
130
140
150
160
170
172
174
176
178
179
180
182
184
189
190
194
199

20
22
24
26
200
220
222
224
240

30
32

50

P1
P2
R1
R2
R3

Transportation module

First sidewall

Second sidewall

Third sidewall

First surface

Protrusion

Second surface

Recess

Interface

First securing element
Second securing element
Clamping device

Biasing member

Cavity

Pivot point

Lower part of clamping device
Upper part of clamping device
Protruding element

Biasing member

Cavity

Upper part of protruding element

Press-fit element
Cavity

Resilient member
Gas cylinder

Carrying device
Gripping part
Aperture

Pivot

Transportation system
Base part

Base part fixation
Opening

Top part

Support

Aperture

Rod

Retaining element
Gripping part
Mechanical element
Scannable element
First pushing direction
Second pushing direction
First direction

Second direction
Third direction
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Claims

Transportation module (1) for transporting a plurality
of gas cylinders (2), comprising:

- a support (3) for adjacently accommodating a
plurality of gas cylinders (2) in a first direction
(R1); and

- afirst (10) and second sidewall (12), which are
arranged in parallel, wherein the support (3) is
arranged between the sidewalls (10, 12) and
connected to the sidewalls (10, 12),

characterized in that

each of the sidewalls (10, 12) comprises a first (100)
and second surface (120) on opposing sides in a
second direction (R2) perpendicular to the first di-
rection (R1), wherein the first surface (100) is con-
figured to provide a stackable interface (140) with
the second surface (120) of a second transportation
module (1) in the second direction (R2).

Transportation module (1) according to claim 1,
characterized in that the first direction (R1) is per-
pendicular to a longitudinal axis of the plurality of gas
cylinders (2) and/or wherein the support (3) is con-
figured to accommodate each of the plurality of gas
cylinders (2) such that the longitudinal axis of the
plurality of gas cylinders (2) is orientated in parallel
to the support (3), wherein preferably the first direc-
tion (R1) is perpendicular to the first (10) and second
sidewall (12).

Transportation module (1) according to claim 2,
characterized in that the first surface (100) com-
prises one or more protrusions (110) configured to
be accommodated in corresponding one or more re-
cesses (130) on the second surface (120) of a sec-
ond transportation module (1), wherein the first sur-
face (100) preferably comprises a portion that is
complementary to the second surface (120).

Transportation module (1) according to claim 3,
characterized in that the one or more protrusions
(110) are formed as a continuous insert and the one
or more recesses (130) are formed as a continuous
sleeve, which are preferably arranged in parallel to
a direction corresponding to a longitudinal axis of a
gas cylinder (2) accommodated by the support (3),
wherein the continuous insert is preferably wedge-
shaped, pyramid-shaped, or comprises a rounded
shape.

Transportation module (1) according to any of the
claims 2to 4, characterized in that the first (10) and
second sidewall (12) extend beyond the support (3)
in the second direction (R2) and are dimensioned
such that a distance between the first surface (100)
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and the second surface (120) in the second direction
(R2) comprises at least a height of a gas cylinder (2)
accommodated by the support (3) in a radial direc-
tion, wherein the first (10) and second sidewall (12)
are preferably dimensioned such that an accommo-
dated gas cylinder (3) does not extend beyond a re-
spective lower or bottom surface in the second di-
rection (R2).

Transportation module (1) according to any of the
claims 2 to 5, characterized in that the first surface
(100) is engageable with the second surface (120)
of a second transportation module (1) to form a pos-
itive locking, a non-positive locking, and/or an inter-
ference fit to slideably secure the transportation
module (1) with respect to the second transportation
module (1) in at least the first direction (R1), prefer-
ably also in a third direction (R3) perpendicular to
the first (R1) and second direction (R2).

Transportation module (1) according to any of the
preceding claims, characterized in that atleast one
of the sidewalls (10, 12) comprises at least one se-
curing element (150, 160, 170, 180, 190), which is
configured to slideably secure the transportation
module (1) with respect to a second transportation
module (1) in at least the second direction (R2), pref-
erably also in a third direction (R3) perpendicular to
the first (R1) and second direction (R2), wherein the
securing element preferably comprises a clamping
device (170), a protruding element (180), and/or a
press-fit element (190).

Transportation module (1) according to claim 7,
characterized in that the securing element com-
prises a first (150) and second securing element
(160), which are arranged such that the first securing
element (150) is engageable with the second secur-
ing element (160) of a second transportation module

(1)

Transportation module (1) according to any of the
preceding claims, characterized in that

-the transportation module (1) further comprises
a retaining element (4) arranged between, per-
pendicular to, and at at least one end face in a
longitudinal direction of the sidewalls(10, 12),
which is configured to retain a plurality of gas
cylinders (2) accommodated by the support (3)
in a third direction (R3) perpendicular to the first
(R1) and second direction (R2), wherein the re-
taining element (4) is preferably mechanically
connected to the sidewalls (10, 12) and the sup-
port (3), the retaining element (4) preferably
comprising a third sidewall, a rod and/or roll-up
door; and/or

- the support (3) defines a plane, which is tilted
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with respect to the first (100) and/or second sur-
face (120), preferably with an angle between 1
and 25 degrees, more preferably between 5 and
10 degrees.

Transportation module (1) according to any of the
preceding claims, characterized in that the support
(3) comprises a plurality of apertures (30) sized to
accommodate each of the plurality of gas cylinders
(2) and to retain the gas cylinders (2) in a second
direction (R2), wherein the support (3) preferably
comprises a plurality of rods (32) that are spaced
apart to define the plurality of apertures (30), wherein
the support preferably accommodates a circumfer-
ential surface of the gas cylinder (2) to be accom-
modated.

Transportation module (1) according to any of the
preceding claims, characterized in that the side-
walls (10, 12) each comprise at least one gripping
part (5), wherein the gripping part (5) is preferably
configured for an automated robotic system, and/or
wherein the support (3) is configured to accommo-
date atleast one carrying device (20) for at leastone
gas cylinder (2), preferably two or four gas cylinders
(2), wherein the carrying device (20) preferably com-
prises a gripping part (22).

Transportation system (200) for transporting a plu-
rality of gas cylinders (2), comprising:

- a base part (220);

- a top part (240); and

- a plurality of transportation modules (1) accord-
ing to any of the claims 1 to 11,

wherein the base part (220) is fixed to one of the
transportation modules (1), preferably a bottom one
of the transportation modules (1), and wherein the
top part (240) is connected to a top one of the trans-
portation modules (1), the base part (220) and top
part (240) preferably comprising a surface comple-
mentary to a respective surface (100, 120) of the
transportation module (1),

characterized in that

the plurality of transportation modules (1) are stack-
ably arranged on each other in the second direction
(R2) via a respective interface (140).

Transportation system (200) according to claim 12,
characterized in that the top part (240) is configured
to accommodate at least one carrying device (20)
for at least one gas cylinder, (2) preferably two or
four gas cylinders (2), wherein the carrying device
(20) preferably comprises a gripping part (22).

Method for providing a modular transportation sys-
tem (200) for a plurality of gas cylinders (2), prefer-
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ably by an automated robotic system, comprising the
steps of:

- providing a base part (220);

- arranging an assembly of a plurality of trans-
portation modules (1) according to any of the
claims 1 to 11 on the base part (220); and

- arranging a top part (240) on the assembly of
a plurality of transportation modules (1),

characterized in that

the plurality of transportation modules (1) are ar-
ranged in the assembly in a stackable manner in the
second direction (R2) via a respective interface
(140).

Method for providing a modular transportation sys-
tem (200) according to claim 14,
characterized by further comprising the steps of:

- removing the top part (240);

- removing one or more transportation modules
(1) from and/or adding one or more transporta-
tion modules (1) to the assembly in a stackable
manner in the second direction (R2) via a re-
spective interface (140); and

- arranging the top part (240) to the assembly.
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