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(54) METHOD FOR TAILORING AND INTEGRATING A FUEL CELL UNIT INTO A VEHICLE

(57) A method for integrating at least one fuel cell
unit (18) for integration into a structural component of a
vehicle, comprises the steps of determining an available
receiving space (4) in an interior structural component of
the vehicle, that allows receiving a fuel cell unit (18)
through insertion from outside the structural component
into the receiving space (4), providing at least two casing
parts (36, 76) that are assembleable to a closed casing,
providing at least one fuel cell having an anode (60), a
cathode (64) and an electrolyte, assembling the casing
parts (36, 76) and the at least one fuel cell to form the
fuel cell unit (18), and inserting the at least one fuel cell
unit (18) into the receiving space (4) of the structural com-
ponent. At least one of the casing parts (36, 76) is man-
ufactured using an additive manufacturing method such
that the fuel cell unit (18) precisely fits into the determined
receiving space (4). One of the casing parts (36, 76) com-
prises an exterior fuel inlet and an interior fuel distributor
for leading a fuel from the exterior fuel inlet to at least
one fuel outlet couplable with each of the at least one
fuel cell. One of the casing parts (36, 76) comprises an
exterior oxidant inlet and an interior oxidant distributor
for leading an oxidant from the exterior oxidant inlet to at
least one oxidant outlet couplable with each of the at least
one fuel cell.
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Description

TECHNICAL FIELD

[0001] The invention relates to a method for integrating
a fuel cell unit into a vehicle, a fuel cell system for inte-
gration into a vehicle as well as an aircraft comprising
such a fuel cell system.

BACKGROUND OF THE INVENTION

[0002] Fuel cells for providing electrical energy based
on a reaction of hydrogen and oxygen particularly in mo-
bile applications are known for many decades. Various
concepts for integrating fuel cells into large commercial
aircraft exist. Concepts exist that are directed to replacing
a common auxiliary power unit by a fuel cell, which also
includes the common installation space in a tail section
of a fuselage. For example, this is known from EP 1 817
231 B1.
[0003] Further concepts are known, which are based
on the installation of relatively small individual fuel cell
units for a more local generation of electrical energy at
different places in an aircraft. For example, EP 3 012 189
A1 shows the integration of fuel cell units in a galley in-
stalled in an aircraft cabin.
[0004] The installation of a fuel cell system for gener-
ating electrical energy in an aircraft requires dedicated
installation spaces. Given a tendency to increase the ef-
ficiency of use of an interior space in the aircraft, while
at the same time to further increase a passenger comfort,
dedicated installation spaces for fuel cells for a local gen-
eration of electrical power are hard to provide.

SUMMARY OF THE INVENTION

[0005] It is an object of the invention to meet the need
for local installation spaces for integrating a fuel cell while
at the same time the efficiency for using the interior space
in a vehicle cabin or the such should not be hindered.
[0006] This object is solved by a method for integrating
a fuel cell unit into a structural component of a vehicle
having the features of independent claim 1. Advanta-
geous embodiments and further improvements may be
gathered from the sub-claims and the following descrip-
tion.
[0007] It is proposed a method for integrating a fuel
cell unit into a structural component of a vehicle, the
method comprising the steps of determining an available
receiving space in an interior structural component of the
vehicle, that allows receiving a fuel cell unit through in-
sertion from outside the structural component into the
receiving space, providing at least two casing parts that
are assembleable to a closed casing, providing at least
one fuel cell having an anode, a cathode and an electro-
lyte, assembling the casing parts and the at least one
fuel cell to form the fuel cell unit, and inserting the fuel
cell unit into the receiving space of the structural compo-

nent. At least one of the casing parts is manufactured
using an additive manufacturing method such that the
fuel cell unit precisely fits into the determined receiving
space. One of the casing parts comprises an exterior fuel
inlet and an interior fuel distributor for leading fuel from
the exterior fuel inlet to at least one fuel outlet couplable
with each of the at least one fuel cell. One of the casing
parts comprises an exterior oxidant inlet and an interior
oxidant distributor for leading an oxidant from the exterior
oxidant inlet to at least one oxidant outlet couplable with
each of the at least one fuel cell.
[0008] A first core aspect of the invention therefore lies
in providing a compact fuel cell unit that is integratable
into an already present structural component of a vehicle
that has a commonly unused space for accommodating
objects. A vehicle usually comprises a vehicle body,
which is adapted for receiving passengers. The vehicle
body often comprises an outer skin or hull, which sur-
rounds the receiving space for passengers. The skin or
hull is often attached to or comprises a certain stiffening
structure that allows to maintain a desired shape of the
vehicle body throughout the operation of the vehicle. The
design of such a stiffening structure depends on the size,
the purpose of the vehicle, the intended travelling veloc-
ities, expected accelerations and other parameters. A
common design principle for larger vehicles is based on
a combination of longitudinal stiffening elements and cir-
cumferential stiffening elements. In the case of an air-
craft, the vehicle body in form of a fuselage may comprise
a series of circumferential frame elements distributed at
a distance to each other along a longitudinal axis of the
fuselage. Further, often a series of longitudinal stiffening
elements ("stringers") with a plurality of stringers ar-
ranged along a circumferential course at a distance to
each other and parallel to the longitudinal axis is used.
[0009] The frame elements often comprise a cross-
sectional profile created by a set of flanges, which are
curved to assume the respective local circumferential
shape of the fuselage at the installation location of the
frame element, wherein the flanges are mechanically
connected by means of at least one web at a distance to
each other. As an example, without limiting the core of
the invention, the cross-section of such a frame element
may be of an I-shape or a double-T-shape.
[0010] While some frame elements particularly in the
case of an aircraft may comprise thermal insulation ma-
terial wrapped around them, there may some frame ele-
ments exist that are integrated in a plain manner. All of
these may comprise a certain section, which encloses a
certain volume, in which no other installation is present.
For example, there may exist a certain volume enclosed
by two opposite flanges and delimited by a web therebe-
tween, which is completely empty. Such a volume may
be regarded as a receiving space for integrating a device
from outside the structural component without further
preparing steps.
[0011] By the manufacturing of a compact fuel cell unit
with dimensions adapted to the respective receiving
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space it is possible to provide at least one, but preferably
a multitude of local power sources within the vehicle.
[0012] The method according to the invention may
therefore start with the step of determining the available
receiving space in an interior structural component of the
vehicle. This may include measuring or retrieving the ge-
ometric parameters of the respective structural compo-
nent which is intended to be equipped with a precisely
fitted fuel cell unit. In this context it is stated that the di-
mensioning criteria refer to an unobstructed opening con-
tour of the respective structural component, with which
internal recesses, undercuts or other volume features
are neglected that are only accessible from inside the
structural component. It should be clear that the receiving
space is to be considered a space that is accessible
through inserting the fuel cell unit through an opening
contour.
[0013] Providing the casing parts may include an ad-
ditive manufacturing method, which is also known as
generative manufacturing method. Such a manufactur-
ing method may comprise the subsequent local accumu-
lation of particles from a selected material in a predeter-
mined region in fine layers and hardening or curing of
the respective layer. This generative manufacturing
method may preferably be applied in the form of an ALM
or SLM method. The materials characteristics of the man-
ufactured product is equal or superior to a cast compo-
nent. For hardening or curing in particular a laser is suit-
able as a heat source, and consequently as a special
form of an ALM method an SLM method ("Selective Laser
Melting") may be applied. It is advantageous in the meth-
od according to the invention to use powdery steel, stain-
less steel, aluminum alloys, titanium alloys or other melt-
able materials. For certain application fields the use of
cobalt alloys and nickel alloys is also advantageous. For
application in vehicles, and in particular in commercial
aircraft, in particular powdery AlSilOMg or TiA16V4 is
suitable. Further, since the fuel cell unit is not necessarily
a load carrying component, also plastic materials may
be used. The layer thicknesses realized in the method
may depend on several factors such as, among other
things, the output of the heat source used, the required
accuracy, the materials characteristics and the rework-
ability. The smallest possible base area of a layer section
depends on the geometric extension of the heat source.
Thus, with particularly fine heat sources, for example a
laser beam, a particularly fine structure may be manu-
factured. By matching the respective contour to be melt-
ed on, the process may be repeated until the desired
casing part has been completed.
[0014] The extent of the additive manufacturing de-
pends on the shape and size of the respective structural
component as well as of the required power output and
hence the size of the fuel cell unit. If a rather complicated
receiving space is present, it may be worthwhile to in-
crease the extent of additive manufacturing, such that
the fuel cell unit snugly fits into the receiving space with-
out a labor intensive production method.

[0015] The casing parts altogether have to be as-
sembleable to constitute a closed casing with all neces-
sary ports. Assembling the casing parts as well as the at
least one fuel cell leads to the creation of a compact fuel
cell unit, which is then insertable into the receiving space
of the structural component.
[0016] During the manufacturing of the respective cas-
ing parts, an integrated fuel distributor should be added,
which is particularly required if a plurality of fuel cells is
to be installed into the casing. The fuel distributor serves
for receiving a fuel cell fuel from outside the fuel cell unit
and for distributing it throughout the individual fuel cells.
[0017] Further details and options of the fuel distributor
are explained later on.
[0018] In analogy to this, a casing part comprises an
integrated oxidant distributor for leading an oxidant from
an oxidant inlet to the at least one fuel cell. This is par-
ticularly required for a plurality of fuel cells integrated into
the casing. Again, further details are explained later on.
[0019] Altogether, the method allows to integrate fuel
cells in a vehicle at a plurality of different locations in
order to provide local generation of electrical power with-
out having to allocate space in the cabin or other regions
of the vehicle, but to use previously unused space in a
structural component. By using previously unused space
through occupation by fuel cell units, the efficiency of the
use of space inside the vehicle is increased. At the same
time, the amount of cabling for providing electrical energy
to consumers inside the vehicle may be reduced, since
local power generating fuel cells are simple to integrate.
[0020] In an advantageous embodiment, the method
further comprises providing at least a component of the
at least one fuel cell through an additive manufacturing
method. The individual receiving space for integration of
a fuel cell unit depends on the region in the vehicle, which
is to be equipped with fuel cell units. While some regions
may provide regular geometrical structures, some may
provide more complex shaped receiving spaces. As the
shape of the at least one fuel cell unit needs to conform
the receiving space it is clear that inside the at least one
fuel cell unit also a more or less complex installation
space is provided, which is used for holding the at least
one fuel cell. The anode, the cathode and other core com-
ponents of the at least one fuel cell may therefore be
manufactured through an additive method, which leads
to an optimum adaption of the at least one fuel cell.
[0021] In another advantageous embodiment, provid-
ing at least one of the casing parts through using an ad-
ditive manufacturing method includes integrating the at
least one fuel duct having an external fuel input and at
least one internal fuel output inside a walling of the re-
spective casing part. The external fuel output may be
created through providing an opening in an exterior side
of the respective casing part, into which a suitable con-
nection piece may be attached. The external side may
be a side on a larger surface between delimiting edges
or it may be provided directly into an edge surface of the
respective casing part.
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[0022] In a still further embodiment, providing at least
one of the casing parts through using an additive manu-
facturing method includes integrating the oxidant distrib-
utor through at least one oxidant line with an exterior
oxidant input and at least one interior oxidant output into
a walling of the respective casing part. Depending on the
number of fuel cells integrated into the casing, the
number of internal oxidant outlets may be chosen.
[0023] In this regard it may be feasible to provide the
respective additively manufactured casing part with a
certain ridge or border, into which the fuel inlet and/or
the oxidant inlet is integrated. This allows to place the
fuel inlet and/or the oxidant inlet into a distance to a con-
tact surface of the fuel cell unit.
[0024] The method may further comprise inserting at
least a second fuel cell unit into a respective at least one
second receiving space of the structural component. De-
pending on the available receiving space or spaces it
may not be possible to integrate a larger fuel cell unit that
delivers the required electrical power alone, but it may
be feasible to provide a plurality of individual fuel cell
units in the same structural component. Hence, a plurality
of independent fuel cell units may be used for generating
electrical power and the voltage level of a combination
of a plurality of fuel cells may be increased through a
suitable electrical connection.
[0025] Preferably, the method according to the inven-
tion comprises electrically connecting at least two of the
fuel cell units in a serial connection. This increases the
total voltage delivered by a plurality of fuel cell units.
[0026] In case a plurality of fuel cell units is used, the
method may also comprise connecting the external fuel
inlet of one of the fuel cell units to an external fuel outlet
of another one of the fuel cell units, which fuel outlet is
coupled with the fuel duct of the respective one of the
fuel cell units.
[0027] In analogy to this, the method may further com-
prise connecting the external oxidant inlet of one of the
fuel cell units to an external oxidant outlet of another one
of the fuel cell units, which oxidant outlet is coupled with
the oxidant duct of the respective one of the fuel cell units.
[0028] If a plurality of fuel cell units is used, which are
identical or at least very similar it may be advantageous
to provide a plug to close an unused fuel and/or oxidant
outlet.
[0029] Still further, the method may comprise providing
a coolant feed line and a coolant return line to a coolant
inlet and a coolant outlet of the at least one fuel cell unit.
The coolant may be provided by means of a coolant cir-
cuit having a coolant pump, a reservoir and at least one
heat exchanger for dissipating heat. The heat exchanger
may be arranged in a region of the vehicle that has a
constant demand for heat or in a region where a constant
flow of heat is absorbable reliably. As an advantageous
improvement, the coolant circuit may comprise a plurality
of heat exchangers, which are connected to bypass lines
through a series of valves, such that each heat exchanger
may selectively be bringable in a fluid communication

with the coolant circuit or may selectively be deactivata-
ble. For example, if heat consuming devices in a kitchen
are to be operated, one of the plurality of heat exchangers
may deliver this heat. Further, in case the vehicle is an
aircraft, a skin heat exchanger may be used at cruise
altitudes in which the ambient temperature is particularly
low and suitable for dissipating heat into the environment
of the aircraft. For transferring the heat created in the fuel
cell units, these may be equipped with components hav-
ing certain coolant conduits in heat generating compo-
nents and/or in at least one of the casing parts, which
coolant conduits lead fresh and cold coolant into the re-
spective component and transfer heat into the coolant,
which then exits the respective fuel cell unit.
[0030] Further, the method may also comprise cou-
pling water extraction outlets of the fuel cell units with a
water extraction duct. For this purpose, the water extrac-
tion duct may be installed in the vehicle and be coupled
with a water receiving device. This may be a device that
simply stores in the interior of the vehicle or dissipates it
to the surrounding of the aircraft. As an alternative, water
consuming devices, such as a galley or a lavatory, may
be provided with the extracted water. In the latter case,
the installation space of the at least one fuel cell unit may
be chosen to be as near as possible to the respective
water consuming devices.
[0031] The invention also relates to a fuel cell system
for integration into a structural component of a vehicle,
the system having at least one fuel cell unit comprising
at least one fuel cell having an anode, a cathode and an
electrolyte; a closed fuel cell unit casing having at least
two casing parts; wherein one of the casing parts com-
prises an exterior fuel inlet and an interior fuel distributor
for leading a fuel from the exterior fuel inlet to at least
one fuel outlet couplable with each of the at least one
fuel cell, and wherein one of the casing parts comprises
an exterior oxidant inlet and an interior oxidant distributor
for leading an oxidant from the exterior oxidant inlet to at
least one oxidant outlet couplable with each of the at least
one fuel cell, and wherein at least one of the casing parts
is manufactured using an additive manufacturing method
such that the fuel cell unit precisely fits into a receiving
space of a structural component of a vehicle.
[0032] In an advantageous embodiment, the system
comprises a plurality of fuel cell units, wherein at least a
subset of the plurality of the fuel cell units has at least
one of a fuel outlet connected to the fuel inlet of the re-
spective fuel cell unit and an oxidant outlet connected to
the oxidant inlet of the respective fuel cell unit, wherein
the at least one of the fuel outlet and the oxidant outlet
is connected to a respective one of a fuel inlet and an
oxidant inlet of another fuel cell unit.
[0033] In a still further embodiment, the shape of the
fuel cell unit is curved so as to fit into a curved circum-
ferential frame element having at least one flange that is
attached to a web preferably, but not exclusively, in a
right angle. Such a frame element may be integrated as
a circumferential frame element in an aircraft fuselage,
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wherein the receiving space may have a C-shaped cross-
sectional profile.
[0034] Still further, the fuel cell unit may comprise at
least one lateral recess or cut-out, which is adapted to fit
onto a longitudinal stiffening part that intersects with an
outer flange and the web of the circumferential frame
element. As stated above, exemplarily an aircraft often
comprises circumferential frames as well as longitudinal
stringers, which commonly intersect with each other,
such that the outer flange of the frame element and the
web comprise openings, through which the longitudinal
stiffening parts extend. Hence, a fuel cell unit may be
designed so as to fit into an available receiving space
that is at one side delimited by the longitudinal stiffening
element, onto which the at least one recess or cut-out
snugly fits.
[0035] Attaching the at least one fuel cell unit may be
conducted through a clip-on-connection. By using a clip-
on-connection it is simple to replace a fuel cell unit in
case of a malfunction or if the power demands are
changed. The structural component of the vehicle does
not need to be modified or equipped with fasteners, such
that they may remain completely unchanged. However,
such a clip-on-connection should be stable enough to
always ensure maintaining a position of the fuel cell unit
under any possible operation condition of the vehicle. In
case of the installation in an aircraft, a landing shock, the
occurrence of turbulences and the expected accelera-
tions in all spatial directions under consideration of reg-
ulated safety factors have to be taken into account.
[0036] In an alternative embodiment, the attaching
may be realized through the use of screws or bolts.
Hence, a reliable and extremely stable mechanical con-
nection between the fuel cell unit and the respective
structural component can be created. This, however, re-
quires a modification of the structural component. As a
side effect, this leads to a combination of at least a section
of the respective structural component and the fuel cell
unit to form an integral component with a required load
carrying capability. This means, that on the one hand,
the fuel cell unit supports the respective structural com-
ponent in absorbing certain loads that occur during a nor-
mal operation of the vehicle. On the other hand, the struc-
tural component may support the mechanical properties
of the casing of the fuel cell. Altogether, the thickness of
the casing or of the respective structural component in
the region of the receiving space may be reduced. This
consequently reduces the total weight introduced by the
fuel cell unit to a value that would be below the weight of
a fuel cell device that is arranged in another region of the
vehicle.
[0037] The invention further relates to an aircraft, com-
prising a fuselage having a series of frame elements ar-
ranged at a distance to each other and at least one fuel
cell system according to the above description. At least
one frame element of the series of frames comprises a
first flange and a web connected to the first flange, where-
in at least one fuel cell unit of the at least one fuel cell

system is arranged in a profile space defined by the first
flange and the web.
[0038] In another advantageous embodiment, the at
least one frame element comprises a second flange con-
nected to the web, wherein the profile space for integra-
tion of the at least one fuel cell is defined between the
first flange, the second flange and the web.
[0039] Still further, a plurality of fuel cell units may be
arranged in at least one frame element of the series of
frames, wherein the plurality of fuel cell units is electrically
connected to each other in a series connection.
[0040] As stated further above, the external fuel inlet
of one of the fuel cell units may also be connected to an
external fuel outlet of another one of the fuel cell units,
which fuel outlet is coupled with the fuel duct of the re-
spective one of the fuel cell units.
[0041] In analogy to this, the external oxidant inlet of
one of the fuel cell units may be connected to an external
oxidant outlet of another one of the fuel cell units, which
oxidant outlet is coupled with the oxidant duct of the re-
spective one of the fuel cell units.

BRIEF DESCRIPTION OF THE FIGURES

[0042] Other characteristics, advantages and potential
applications of the present invention result from the fol-
lowing description of the exemplary embodiments illus-
trated in the figures. In this respect, all described and/or
graphically illustrated characteristics also form the object
of the invention individually and in arbitrary combination
regardless of their composition in the individual claims
or their references to other claims. Furthermore, identical
or similar objects are identified by the same reference
symbols in the figures.

Fig. 1 shows a part of a fuselage structure of an air-
craft with an integrated fuel cell unit.

Fig. 2 shows a principle setup of a fuel cell unit.

Fig. 3 shows a connection of two adjacent fuel cell
units.

DETAILED DESCRIPTION OF THE DRAWINGS

[0043] Fig. 1 shows a part of a fuselage structure 2 of
an aircraft. A circumferential frame element 4 is illustrat-
ed, which has an outer flange 6, an inner flange 8 as well
as a web 10 extending therebetween, which connects
both flanges 6 and 8 to form a C-like cross-sectional pro-
file. The outer flange 6 is at a radial outermost position,
which the inner flange 8 is at a radial inward location.
[0044] Longitudinal stiffening elements in the form of
stringers 12 extend perpendicular to the web 10 at a dis-
tance and parallel to each other. The outer flange 6 and
outer flanges 14 of the stringers 12 form a supporting
surface, onto which a skin 16 rests. This arrangement is
a typical way of creating a fuselage structure 2, e.g. for

7 8 



EP 3 336 948 A1

6

5

10

15

20

25

30

35

40

45

50

55

a cylindrical fuselage of an aircraft with sufficient me-
chanical stability.
[0045] Using an arrangement of two flanges 6 and 8
arranged at a distance to each other and connected
through the web 10 leads to a particularly high geomet-
rical moment of inertia. However, in common installations
in commercial aircraft, the volume between the outer
flange 6 and the inner flange 8 remains substantially un-
used.
[0046] A core of the invention lies in providing a fuel
cell unit 18 into an available receiving space 20. In this
exemplary embodiment, a fuel cell unit 18 is inserted into
the receiving space 20 that is delimited by two adjacent
stringers 12 and a clearance between the two flanges 6
and 8. Resultantly, the fuel cell unit 18 comprises the
shape of a segment of a ring with two lateral cut-outs 22
that conform the shape of the stringers 12. The thickness
of the fuel cell unit 18 is exemplarily limited to a dimension
less than the extension d from the web 10 to an outer
edge 24 of the inner flange 24. The height of the fuel cell
unit 18 is adapted to the clearance dimension h between
the outer flange 6 and the inner flange 8.
[0047] As explained in the following, at least parts of
the fuel cell unit 18 are manufactured using an additive
manufacturing method. Exemplarily, the fuel cell unit 18
comprises a first axial surface 26, into which a first output
pole 28 and a second output pole 30 are integrated, which
provide the generated electrical energy from the respec-
tive fuel cell unit 18. Further, a water extraction port 32
is arranged at a bottom region of the fuel cell unit 18 for
extracting water that accumulates during the fuel cell
process. For example, the water extraction port 32 may
be connected to a water extraction duct 34, which runs
on an interior side of the skin 16 and may lead to a water
collecting device (not shown).
[0048] As apparent in Fig. 1, a plurality of fuel cell units
18 may be distributed in the available space 20 of the
structural component 4, such that the generated power
can be chosen based on the actual demand at that loca-
tion.
[0049] Fig. 2 shows a principle setup of a fuel cell unit
18 in a very schematic illustration for a better understand-
ing of its working principle. Here, a first casing part 36 is
shown, which is manufactured using an additive manu-
facturing method. The first casing part 36 is equipped
with a fuel duct 38, which extends from a first lateral side
40 to a second lateral side 42. On this course, a plurality
of distributing branches 44 are placed, which connect to
the fuel line 38 and comprise a plurality of openings 46.
The arrangement of fuel duct 38, branches 44 and open-
ings 46 constitute a fuel distributor 48. In this example,
the fuel distributor 48 is arranged at a region of the first
casing part 36, which will be close to the inner flange 8
of the structural component 4.
[0050] In a region of the first casing part 36, which ex-
tends at a substantially right angle to the before men-
tioned part, an oxidant line 50 extends from the first lateral
side 40 to the second lateral side 42. A plurality of branch-

ing ducts 52 is coupled with the oxidant duct 50 and com-
prises a plurality of openings 54. The oxidant duct 50,
the branching ducts 52 and the openings 54 constitute
an oxidant distributor 56.
[0051] The first casing part 36 is capable of receiving
a plurality of individual fuel cells 58, which are arranged
side by side in the first casing part 36.
[0052] Exemplarily, each fuel cell 58 comprises an an-
ode 60, a membrane 62 and a cathode 64. A first bipolar
plate 66 is arranged at a side of the anode 60 and is
coupled with the fuel distributor 48, i.e. with the openings
46 of one of the branching ducts 44. Fuel, e.g. a hydrogen
containing gas or pure hydrogen, reaches the anode 60
through a plurality of conduits 68 in the first bipolar plate
66 and provides the positive pole for the generated elec-
trical energy.
[0053] The membrane 62 may be realized as a solid
polymer membrane, which is a thin plastic film that is
permeable to protons when saturated with water.
Through the membrane, a proton exchange is conduct-
ed, while electrons can only pass from the anode 60 to
the cathode 64 through the electric circuit attached to the
respective fuel cell 58.
[0054] At a side of the cathode 64, a second bipolar
plate 70 is arranged, which is coupled with the oxidant
distributor 56 and comprises a series of conduits 72 for
leading the oxidant to the cathode 64. Further, water that
is created during the fuel cell process accumulates at the
cathode 64 and reaches the conduits 72, where it needs
to be extracted. An extraction port 32 may be arranged
on the fuel cell unit 18 as shown in Fig. 1.
[0055] The individual fuel cell 58 is realized with a com-
pact shape that is adapted to the available space inside
the first casing part 36. Consequently, it may be feasible
to also produce at least the metallic parts of a fuel cell
58 through additive manufacturing methods.
[0056] If the available installation space inside a fuel
cell unit 18 allows it and in case a certain voltage is re-
quired that clearly exceeds a typical PEM voltage of 0.6
V to 0.7 V at full load, a plurality of additional fuel cells
58 is to be arranged in the fuel cell unit 18. The illustration
in Fig. 2 is merely schematic and shows for block-type
fuel cells 58. However, it may be feasible to provide a
rather high number of fuel cells 58 in a single fuel cell
unit 18 to reach a required voltage level. Further, it is
advantageous to periodically change the orientation of
the individual fuel cells 58, such that a single second
bipolar plate 70 can be used by two adjacent fuel cells
58. At a lateral end opposite the first bipolar plate 66, a
third bipolar plate 74 may be arranged, which may be
similar to the first bipolar plate 66, but contacts a cathode
64.
[0057] During operation of the fuel cell unit, fuel may
enter the fuel duct 38, e.g. at the first lateral side 40 and
flows to the second lateral side 42. On this course, fuel
is distributed through the openings 46 of the branching
ducts 44 to several bipolar plates 66 or 72, depending
on the order inside the fuel cell unit 18. It may be feasible
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to put a plug or stopper into the fuel duct 38 at the second
lateral side 42 if the fuel cell unit 18 is a single fuel cell
unit 18 at a desired installation space. However, if further
fuel cell units 18 are to be placed in an adjacent position,
its fuel duct 38 may be connected to the fuel duct 38 of
the adjacent fuel cell unit 18. The same applies for the
oxidant line 50, which may simply pass from the first lat-
eral side 40 to the second lateral side 42. Here, it may
be connected to another oxidant line 50 of an adjacent
fuel cell unit 18 or a plug or stopper may be arranged to
close off the oxidant line 50.
[0058] For increasing the efficiency of using the space
available for the fuel cell unit 18, it is feasible to manu-
facture at least the first casing part 36 with an additive
manufacturing method. Hence, the fuel duct 38, the
branching duct 44, the oxidant duct 50 as well as the
branching ducts 52 are integrated into the first casing
part 36 and the course of these may be more elaborate
and compact.
[0059] For closing off the first casing part 36 to form a
closed casing, a second casing part 76 is provided, which
is attachable to the first casing part 36.
[0060] For providing the cut-outs 22 shown in Fig. 1,
either the whole fuel cell unit 18 may be tailored to this
available installation space or a further casing or flange
may enclose the first and second casing parts 36 and 76
or be attached thereto. As stated above, Fig. 2 is merely
schematic and the cut-outs 22 are left out for simplifica-
tion.
[0061] Fig. 3 shows the basic principle of interconnect-
ing two adjacent fuel cell units 18 through connectors 78
and 80, which securely connect the fuel ducts 38 as well
as the oxidant ducts 50 of two adjacent fuel cell units 18.
At the end of a chain of fuel cell units 18, the respective
fuel duct 38 and oxidant duct 50 are to be closed through
plugs 82 and 84. While each fuel cell unit 18 may com-
prise two output poles 28 and 30, these may be connect-
ed through a serial connection (not shown). For the sake
of an improved reliability, it may also be feasible to route
the electrical lines of each fuel cell unit 18 to a certain
power electronics unit, which may tolerate a failure of
individual fuel cell units 18 without a total voltage having
a failure.
[0062] In addition, it should be pointed out that "com-
prising" does not exclude other elements or steps, and
"a" or "an" does not exclude a plural number. Further-
more, it should be pointed out that characteristics or steps
which have been described with reference to one of the
above exemplary embodiments may also be used in
combination with other characteristics or steps of other
exemplary embodiments described above. Reference
characters in the claims are not to be interpreted as lim-
itations.

Claims

1. Method for integrating at least one fuel cell unit (18)

for integration into a structural component of a vehi-
cle, comprising the steps of:

- determining an available receiving space (20)
in an interior structural component (4) of the ve-
hicle, that allows receiving a fuel cell unit (18)
through insertion from outside the structural
component (4) into the receiving space (4),
- providing at least two casing parts (36, 76) that
are assembleable to a closed casing,
- providing at least one fuel cell (58) having an
anode (60), a cathode (64) and an electrolyte,
- assembling the casing parts (36, 76) and the
at least one fuel cell (58) to form the fuel cell unit
(18), and
- inserting the at least one fuel cell unit (18) into
the receiving space (4) of the structural compo-
nent,

wherein at least one of the casing parts (36, 76) is
manufactured using an additive manufacturing
method such that the fuel cell unit (18) precisely fits
into the determined receiving space (4),
wherein one of the casing parts (36, 76) comprises
an exterior fuel inlet and an interior fuel distributor
(48) for leading a fuel from the exterior fuel inlet to
at least one fuel outlet couplable with each of the at
least one fuel cell (58), and
wherein one of the casing parts (36, 76) comprises
an exterior oxidant inlet and an interior oxidant dis-
tributor for leading an oxidant from the exterior oxi-
dant inlet to at least one oxidant outlet couplable with
each of the at least one fuel cell (58).

2. Method according to claim 1,
further comprising providing at least a component of
the at least one fuel cell (58) through an additive
manufacturing method

3. Method of claim 1 or 2,
wherein providing at least one of the casing parts
(36, 76) by manufacturing using an additive manu-
facturing method includes integrating the at least one
fuel duct (38) having an external fuel input and at
least one internal fuel output inside a walling of the
respective casing part (36, 76).

4. Method of any of the preceding claims,
wherein providing at least one of the casing parts
(36, 76) by manufacturing using an additive manu-
facturing method includes integrating the at least one
oxidant duct (50) having an external oxidant input
and at least one internal oxidant output inside a wall-
ing of the respective casing part (36, 76).

5. Method of any of the preceding claims,
further comprising inserting at least a second fuel
cell unit (18) into a respective at least one second
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receiving space (4) of the structural component.

6. Method of claim 5,
further comprising electrically connecting at least
two of the fuel cell units (18) in a serial connection.

7. Method of claim 5 or 6,
further comprising connecting the external fuel inlet
of one of the fuel cell units (18) to an external fuel
outlet of another one of the fuel cell units (18), which
fuel outlet is coupled with the fuel duct (38) of the
respective one of the fuel cell units (18).

8. Method of any of claims 5 to 7,
further comprising connecting the external oxidant
inlet of one of the fuel cell units (18) to an external
oxidant outlet of another one of the fuel cell units
(18), which oxidant outlet is coupled with the oxidant
duct (50) of the respective one of the fuel cell units
(18).

9. Fuel cell system for integration into a structural com-
ponent of a vehicle, the system having at least one
fuel cell unit (18) comprising:

- at least one fuel cell (58) having an anode (60),
a cathode (64) and an electrolyte,
- a closed fuel cell unit (18) casing having at least
two casing parts (36, 76), wherein one of the
casing parts (36, 76) comprises an exterior fuel
inlet and an interior fuel distributor (48) for lead-
ing a fuel from the exterior fuel inlet to at least
one fuel outlet couplable with each of the at least
one fuel cell, and wherein one of the casing parts
(36, 76) comprises an exterior oxidant inlet and
an interior oxidant distributor for leading an ox-
idant from the exterior oxidant inlet to at least
one oxidant outlet couplable with each of the at
least one fuel cell (58),

wherein at least one of the casing parts (36, 76) is
manufactured using an additive manufacturing
method such that the fuel cell unit (18) precisely fits
into a receiving space (4) of a structural component
of a vehicle.

10. Fuel cell system of claim 9,
comprising a plurality of fuel cell units (18), wherein
at least a subset of the plurality of the fuel cell units
(18) has at least one of a fuel outlet connected to the
fuel inlet of the respective fuel cell unit (18) and an
oxidant outlet connected to the oxidant inlet of the
respective fuel cell unit (18), wherein the at least one
of the fuel outlet and the oxidant outlet is connected
to a respective one of a fuel inlet and an oxidant inlet
of another fuel cell unit (18).

11. Fuel cell system of claim 9 or 10,

wherein the shape of the at least one fuel cell unit
(18) is curved so as to fit into a curved circumferential
frame element having at least one flange (6, 8) that
is attached to a web (10).

12. Fuel cell system of claim 11,
wherein the fuel cell unit (18) comprises at least one
lateral recess or cut-out, which is adapted to fit onto
a longitudinal stiffening part that intersects with an
outer flange (6) and the web (10) of the circumfer-
ential frame element.

13. Aircraft, comprising

- a fuselage having a series of frames arranged
at a distance to each other,
- at least one fuel cell system according to claims
1 to 12,

wherein at least one frame of the series of frames
comprises a first flange (6, 8) and a web (10) con-
nected to the first flange (6, 8),
wherein at least one fuel cell unit (18) of the at least
one fuel cell system is arranged in a profile space
defined by the first flange (6, 8) and the web (10).

14. Aircraft of claim 13,
wherein the at least one frame comprises a second
flange (6, 8) connected to the web (10), wherein the
profile space for integration of the at least one fuel
cell (58) is defined between the first flange (6, 8), the
second flange (6, 8) and the web (10).

15. Aircraft of claim 13 or 14,
wherein a plurality of fuel cell units (18) are arranged
in at least one frame of the series of frames, wherein
the plurality of fuel cell units (18) are electrically con-
nected to each other in a series connection.
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