EP 4 286 737 B1

Patent Office

(1 9) Européisches
Patentamt
0} European

Office européen

fes reves (11) EP 4 286 737 B1

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) International Patent Classification (IPC):
of the grant of the patent: F17C 3/08(2006.01)

21.01.2026 Bulletin 2026/04
(52) Cooperative Patent Classification (CPC):

(21) Application number: 22382527.4 F17C 3/08; F17C 2201/0109; F17C 2201/0123;
F17C 2201/054; F17C 2203/012; F17C 2203/0391;
(22) Date of filing: 01.06.2022 F17C 2203/0663; F17C 2209/227; F17C 2209/228;

F17C 2209/232; F17C 2221/012; F17C 2223/0161;
F17C 2223/033; F17C 2260/011; F17C 2260/036;

(Cont.)
(54) COMPOSITE HYDROGEN TANK FOR AN AIRCRAFT
VERBUNDSTOFF-WASSERSTOFFTANK FUR EIN FLUGZEUG
RESERVOIR D’'HYDROGENE COMPOSITE POUR UN AERONEF
(84) Designated Contracting States: + TORAL VAZQUEZ, Javier
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 28906 GETAFE (Madrid) (ES)
GRHRHUIEISITLILT LU LV MC MK MT NL NO * JIMENEZ CHOZAS, Pablo
PL PT RO RS SE SI SK SM TR 28906 GETAFE (Madrid) (ES)
(43) Date of publication of application: (74) Representative: Herrero & Asociados, S.L.
06.12.2023 Bulletin 2023/49 Edificio Aqua - Calle Agustin de Foxa, 4-10, 20A
28036 Madrid (ES)
(73) Proprietor: AIRBUS OPERATIONS, S.L.U.
28906 Getafe (Madrid) (ES) (56) References cited:
CN-A- 104 254 728 DE-A1- 102004 023 533
(72) Inventors: JP-A- 2010 111 036 SE-B- 466 275
* VAZQUEZ CASTRO, Jesus Javier US-A1-2020 332 960

28906 GETAFE (Madrid) (ES)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR) (Cont. next page)



EP 4 286 737 B1

(52) Cooperative Patent Classification (CPC): (Cont.)
F17C 2270/0189




1 EP 4 286 737 B1 2

Description
FIELD OF THE INVENTION

[0001] The present invention refers to a composite
hydrogen tank for an aircraft designed to fulfill the de-
bonding requirements specified for the certification of an
aircraft.

BACKGROUND OF THE INVENTION

[0002] Current vessels for hydrogen are not designed
for aircraft flying conditions and they are divided in two
groups, gaseous and liquid hydrogen (GH2 and LH2):
Tanks vessels GH2: They are built to store gas hydrogen
and designed with a high thickness to support great
pressures (-700 bar) mainly used in industries where
vessel weight is not key.

[0003] Tanks vessels LH2: They are built to store liquid
hydrogen and designed with small thicknesses as they
do not support great pressures (~5 bar). They are mainly
used in the aero spatial sector where weight is key for the
launch vehicle.

[0004] In applications for aircrafts, the LH2 tank solu-
tion is the most suitable due to the weight condition, butin
addition to the many challenges that LH2 tanks solve for
launch vehicles, additional requirements must be solved
to integrate LH2 tanks in aircrafts systems. In particular:
Flight maneuvers: An aircraft has a larger range of man-
euvers than a launch vehicle which mainly has accelera-
tions in Z axis which could be reacted by the vehicle rings.
For aircraft applications, an additional protection to the
LH2 vesselis required to attach the tank to the aircraftand
withstand flight loads.

[0005] Insulation: Due to different mission conditions,
the dormancy time for an aircraft application compared to
a launch vehicle is longer. This implies that the tank
insulation requires additional complexity including va-
cuum in between the additional protection and the inner
vessel, in contrast to the space application wherein va-
cuum is not required.

[0006] Pressure load: The use of flat panels as inte-
grated elements of tanks vessels is subjected to pressure
loads, which induce compression loads in the panel,
presenting one of the worst cases for buckling conditions.
[0007] The manufacturing of a CFRP pressure vessel
for H2 that has to contain different systems and structures
(as anti-sloshing walls or pipes/sensors), will be provided
with one or more bonding/co-bonding processes to form
the final air-tight vessel. In this case, the airworthiness
regulations requires considering the failure of such bond-
ing. This bonding failure must not lead to a catastrophic
event, and the continuation of the flight must be ensured.
[0008] In addition, as no rivets are allowed in the con-
struction of a Hydrogen tight vessel (to avoid that the H2
escapes through the space between the bolt/fastener
and the CFRP), specially when loaded, bonding or co-
bonding process shall be used to join the different parts
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needed for the complete vessel. In this case, debonding
failures case must be considered.

[0009] US 2020/332960 A1 discloses a high pressure
tank liner and method of manufacturing the same, where
in the vicinity of an opening end of a first liner constituent
member and a second liner constituent member made of
a resin material, a flange portion is formed. After end
surfaces of the opening end are abutted and joined to
each other, the flange portion is removed in such a way
that a part of a bottom portion remains. The remaining
amount of protrusion is set such that the joint strength of a
joint portion is not less than the tensile strength of the
resin material or not less than the cohesion failure
strength of the joint portion.

[0010] Therefore, there is a need for a composite hy-
drogen tank that secures the bondings, such that the
requirements specified by the airworthiness regulations
for the certification of the aircraft are met.

SUMMARY OF THE INVENTION

[0011] The present invention overcomes the above
mentioned drawback by providing a composite hydrogen
tank for an aircraft formed by the joint of parts that meets
the debonding failures requirements for the aircraft cer-
tification.

[0012] The present invention refers to a composite
hydrogen tank for an aircraft according to claim 1 that
comprises first and second halves of a tank, each half
having an elongated tubular shape with an open end and
a joining area comprising the open end, at least one
bonding layer laid on at least one joining area of one of
the halves of the tank to perform their bonding, and a joint
formed by the bonding of the first and second halves at
their joining areas.

[0013] Accordingto the invention, the joint further com-
prises at least one joining profile cocured or cobonded at
the joining area of at least one of the halves of the tank to
reinforce their bonding.

[0014] Since hydrogen may escape through the space
between the bolt/fastener and the CFRP parts, specially
when loaded, no rivets are allowed in the construction of
an hydrogen tank. In this context, the invention provides a
tank that combines the bonding and the cocuring or
cobonding of a joining profile that permits a safe joint
of parts where debonding failures are avoided.

[0015] This way, the invention allows the manufactur-
ing of an hydrogen tight vessel in separated parts that
meets the airworthiness regulations, and thus can be
included in the aircraft. The manufacturing of the vessel
in separated parts are needed for the installation of pipes,
walls, and any other components needed inside the
vessel before closing tight the whole part.

DESCRIPTION OF THE FIGURES

[0016] To complete the description and in order to
provide for a better understanding of the invention, a
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set of drawings is provided. Said drawings form an in-
tegral part of the description and illustrate preferred
embodiments of the invention. The drawings comprise
the following figures.

Figure 1 shows a schematic view of a composite
hydrogen tank according to an example not forming
part of the present invention.

Figure 2 shows a schematic view of a composite
hydrogen tank according to an example not forming
part of the present invention.

Figure 3 shows a schematic view of a composite
hydrogen tank according to an example not forming
part of the present invention.

Figure 4 shows a schematic view of a composite
hydrogen tank according to a preferred embodiment
of the invention.

Figure 5 shows a schematic view of a composite
hydrogen tank according to an example not forming
part of the present invention.

Figure 6 shows a schematic view of a composite
hydrogen tank according to an example not forming
part of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Figure 1 shows a composite hydrogen tank (1)
for an aircraft that comprises:

* firstand second halves (2, 3) of a tank, each half (2,
3) having an elongated tubular shape with an open
end (2a, 3a) and a joining area (2b, 3b) comprising
the open end (2a, 3a),

e at least one bonding layer (4) laid on at least one
joining area (2b, 3b) of one of the halves of the tank
(2, 3) to perform their bonding, and

e a joint (5) formed by the bonding of the first and
second halves (2, 3) at their joining areas (2b, 3b),

e wherein the joint (5) further comprises at least one
joining profile (6) cocured or cobonded at the joining
area (2b, 3b) of at least one of the halves of the tank
(2, 3) to reinforce their bonding.

[0018] In Figure 1, the joining profile (6) is cocured to
the second half of the tank (3) and has a L-shaped
configuration to receive attachments (7) at its web
(6a). This mechanical attachment (7) will work only in
the event of a disbanding.

[0019] Inaddition, the open end (2a, 3a) of the first half
(2) of the tank (1) has a L-shaped configuration providing
an easy attach to the profile web (6a).

[0020] Figure 2 shows a tank (1) wherein the joining
profile (6) is cocured to each one of the halves of the tank
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(2, 3), and wherein one of these joining profiles (6)
protrudes from the open end (2a, 3a) of the half (2, 3)
of the tank in which is cocured to provide an easy attach
between the profiles (6). To reinforce this joint (5), attach-
ments (7) are provided between the profiles (6).

[0021] Figure 3 shows a tank (1) in which the joining
profile (6) has a I-shaped configuration, and is cobonded
to the first and second halves of the tank (2, 3).

[0022] Figure 4 shows a tank (1), similar to the one
shown in Figure 3, but comprising a pair of bonding layers
(4’, 4") laid on the joining areas (2b, 3b) of both halves of
the tank (2, 3), separated by a gap to resist potential de-
bondings.

[0023] Figure 5 shows a tank (1) further comprising
attachments (8) to join the atleast one joining profile (6) to
one of the halves of the tank (2, 3).

[0024] Figure 6 shows a tank (1) further comprising an
extra profile (6’) extended along the joining area (2b, 3b)
of both the firstand second halves of the tank (2, 3), and at
least one extra bonding layer (10) laid between the open
ends (2a, 3a) of the first and second halves of the tank (2,
3) and the extra profile (6°) to reinforce the bonding of the
halves (2, 3).

Claims

1. Composite hydrogen tank (1) for an aircraft, com-
prising:

- first and second halves (2, 3) of a tank, each
half (2, 3) having an elongated tubular shape
with an open end (2a, 3a) and a joining area (2b,
3b) comprising the open end (2a, 3a),

- at least one bonding layer (4) laid on at least
one joining area (2b, 3b) of one of the halves of
the tank (2, 3) to perform their bonding, and

- ajoint (5) formed by the bonding of the first and
second halves (2, 3) at their joining areas (2b,
3b),

- wherein the joint (5) further comprises at least
one joining profile (6) cocured or cobonded at
the joining area (2b, 3b) of at least one of the
halves of the tank (2, 3) to reinforce their bond-

ing,

characterized in that the composite hydrogen tank
(1) comprises a pair of bonding layers (4’, 4") laid on
at least one joining area (2b, 3b) of one of the halves
of the tank (2, 3), separated by a gap to resist
potential de-bondings.

2. Composite hydrogen tank (1) for an aircraft, accord-
ing to claim 1, wherein the joining profile (6) is co-
cured to at least one of the halves of the tank (2, 3)
and has a L-shaped, U-shaped or T-shaped config-
uration to receive attachments (7) at its web (6a).
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Composite hydrogen tank (1) for an aircraft, accord-
ing to claim 2, wherein the joining profile (6) is co-
cured to one half of the tank (2, 3), and wherein the
openend (2a, 3a) of the other half (2, 3) of the tank (1)
has a L-shaped configuration to be easily attached to
the profile web (6a).

Composite hydrogen tank (1) for an aircraft, accord-
ing to claim 2, wherein one joining profile (6) is
cocured to each one of the halves of the tank (2,
3), and wherein one of these joining profiles (6)
protrudes from the open end (2a, 3a) of the half (2,
3) of the tank in which is cocured to provide an easy
attach between the profiles (6).

Composite hydrogen tank (1) for an aircraft, accord-
ing to any of claims 1 or 4, further comprising attach-
ments (8) to join the at least one joining profile (6) to
one of the halves of the tank (2, 3).

Composite hydrogen tank (1) for an aircraft, accord-
ing to claim 1, further comprising an extra profile (6’)
extended along the joining area (2b, 3b) of both the
firstand second halves of the tank (2, 3), and at least
one extra bonding layer (10) laid between the open
ends (2a, 3a) of the first and second halves of the
tank (2, 3) and the extra profile (6’) to reinforce the
bonding of the halves (2, 3).

Composite hydrogen tank (1) for an aircraft, accord-
ing to claim 6, comprising a pair of extra bonding
layers (10) laid along both extremes of the extra
profile (6’).

Composite hydrogen tank (1) for an aircraft, accord-
ing to any preceding claim, wherein one of the first
and second halves (2, 3) has lower cross-sectional
size that the other half (2, 3) to allow its introduction
and overlap at their joining areas (2b, 3b).

Patentanspriiche

Verbundstoff-Wasserstofftank (1) fiir ein Flugzeug,
mit:

- einer ersten und einer zweiten Tankhalfte (2,
3), wobei jede Halfte (2, 3) eine langliche Rohr-
form mit einem offenen Ende (2a, 3a) und einem
Fligebereich (2b, 3b) hat, der das offene Ende
(2a, 3a) umfasst,

- mindestens einer Bindungsschicht (4), die auf
mindestens einem Fligebereich (2b, 3b) einer
der Halften des Tanks (2, 3) aufgebracht ist, um
deren Bindung durchzufiihren, und

- einem Anschlussstuck (5), das durch die Bin-
dung der ersten und zweiten Halfte (2, 3) an
ihren Fligebereichen (2b, 3b) ausgebildet wird,
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- wobei das Anschlussstiick (5) ferner mindes-
tens ein Flgeprofil (6) hat, das an dem Fuge-
bereich (2b, 3b) mindestens einer der Halften
des Tanks (2, 3) mitgehartet oder mitverbunden
ist, um deren Bindung zu verstarken, dadurch
gekennzeichnet, dass der Verbundstoff-Was-
serstofftank (1) ein Paar von Bindungsschichten
(4’, 4") hat, die auf mindestens einem Fligebe-
reich (2b, 3b) einer der Halften des Tanks (2, 3)
aufgebracht sind und durch einen Spalt von-
einander getrennt sind, um einer mdglichen
Trennung der Bindung entgegenzuwirken.

Verbundstoff-Wasserstofftank (1) fir ein Flugzeug
gemafl Anspruch 1, wobei das Fulgeprofil (6) mit
mindestens einer der Halften des Tanks (2, 3) mit-
gehartet ist und eine L-férmige, U-férmige oder T-
férmige Konfiguration konfiguriert ist, um Befesti-
gungen (7) an seinem Steg (6a) anzubringen.

Verbundstoff-Wassertank (1) fur ein Flugzeug ge-
mafR Anspruch 2, wobei das Fligeprofil (6) mit einer
Halfte des Tanks (2, 3) mitgehartet ist und wobei das
offene Ende (2a, 3a) der anderen Halfte (2, 3) des
Tanks (1) eine L-férmige Konfiguration aufweist, um
einfach an dem Steg (6a) des Profils angebracht
werden zu kdénnen.

Verbundstoff-Wasserstofftank (1) fur ein Flugzeug
gemal Anspruch 2, wobei ein Fligeprofil (6) mitjeder
der Halften des Tanks (2, 3) mitgehartetist und wobei
eines dieser Fugeprofile (6) aus dem offenen Ende
(2a, 3a) der Halfte (2, 3) des Tanks, in der es mitge-
hartet ist, vorragt, um eine einfache Anbringung
zwischen den Profilen (6) zu ermdglichen.

Verbundstoff-Wasserstofftank (1) fir ein Flugzeug
gemaf einem der Anspriche 1 oder 4, der ferner
Befestigungselemente (8) hat, um das mindestens
eine Flgeprofil (6) miteiner der Halften des Tanks (2,
3) zusammenzuflugen.

Verbundstoff-Wasserstofftank (1) fir ein Flugzeug
geman Anspruch 1, der ferner ein zusatzliches Profil
(6’) hat, das sich entlang des Fligebereichs (2b, 3b)
sowohl der ersten als auch der zweiten Halfte des
Tanks (2, 3) erstreckt, und mindestens eine zusatz-
liche Bindungsschicht (10) aufweist, die zwischen
den offenen Enden (2a, 3a) der ersten und zweiten
Halfte des Tanks (2, 3) und dem zusatzlichen Profil
(6’) angeordnetist, umdie Verbindung der Halften (2,
3) zu verstarken.

Verbundstoff-Wasserstofftank (1) fir ein Flugzeug
gemal Anspruch 6, der ein Paar zusatzlicher Bin-
dungsschichten (10) hat, die entlang beider Extrem-
punkte des zuséatzlichen Profils (6’) angeordnet sind.
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8. Verbundstoff-Wasserstofftank (1) fiir ein Flugzeug

gemal einem der vorangehenden Anspriiche, wo-
bei eine der ersten und zweiten Halften (2, 3) eine
geringere Querschnittsgréle als die andere Halfte
(2, 3) aufweist, um ihr Einfiihren und Uberlappen an
ihren Flgebereichen (2b, 3b) zu ermdglichen.

Revendications

Réservoir (1) d’hydrogéne composite destiné a un
aéronef, comprenant :

- des premiére et seconde moitiés (2, 3) d’'un
réservoir, chague moitié (2, 3) présentant une
forme tubulaire allongée avec une extrémité
ouverte (2a, 3a) et une zone de jonction (2b,
3b) comprenant I'extrémité ouverte (2a, 3a),

- au moins une couche de liaison (4) déposée
sur au moins une zone de jonction (2b, 3b) de
'une des moitiés (2, 3) du réservoir pour effec-
tuer leur liaison, et

-unraccord (5) formé par la liaison des premiére
et seconde moitiés (2, 3) au niveau de leurs
zones de jonction (2b, 3b),

- dans lequel le raccord (5) comprend en outre
au moins un profilé de jonction (6) co-durci ou
co-lié au niveau de la zone de jonction (2b, 3b)
d’au moins 'une des moitiés (2, 3) du réservoir
pour renforcer leur liaison,

caractérisé en ce que le réservoir (1) d’hydrogene
composite comprend une paire de couches de liai-
son (4’, 4") déposées sur au moins une zone de
jonction (2b, 3b) de I'une des moitiés (2, 3) du ré-
servoir, séparées par un espace afin de résister aux
décohésions potentielles.

Réservoir (1) d’hydrogéne composite destiné a un
aéronef, selon la revendication 1, dans lequel le
profilé de jonction (6) est co-durci sur au moins l'une
des moitiés (2, 3) du réservoir et présente une confi-
guration enforme de L, enforme de U ou enforme de
T pour recevoir des attaches (7) au niveau de son
ame (6a).

Réservoir (1) d’hydrogéne composite destiné a un
aéronef, selon la revendication 2, dans lequel le
profilé de jonction (6) est co-durci sur une moitié
(2, 3) du réservoir, et dans lequel I'extrémité ouverte
(2a, 3a) de l'autre moitié (2, 3) du réservoir (1) pré-
sente une configuration en forme de L pour étre
facilement attachée a 'ame (6a) de profilé.

Réservoir (1) d’hydrogéne composite destiné a un
aéronef, selon la revendication 2, dans lequel un
profilé de jonction (6) est co-durci sur chacune des
moitiés (2, 3) du réservoir, et dans lequel I'un de ces
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profilés de jonction (6) fait saillie depuis I'extrémité
ouverte (2a, 3a) de la moitié (2, 3) du réservoir dans
laquelle il est co-durci pour permettre une attache
facile entre les profilés (6).

Réservoir (1) d’hydrogéne composite destiné a un
aéronef, selon 'une quelconque des revendications
1 ou 4, comprenant en outre des attaches (8) pour
joindre le au moins un profilé de jonction (6) a 'une
des moitiés (2, 3) du réservoir.

Réservoir (1) d’hydrogéne composite destiné a un
aéronef, selon la revendication 1, comprenant en
outre un profilé supplémentaire (6°) étendu le long de
la zone de jonction (2b, 3b) des premiére et seconde
moitiés (2, 3) du réservoir, et au moins une couche de
liaison supplémentaire (10) déposée entre les ex-
trémités ouvertes (2a, 3a) des premiere et seconde
moitiés du réservoir (2, 3) etle profilé supplémentaire
(6’) pour renforcer la liaison des moitiés (2, 3).

Réservoir (1) d’hydrogéne composite destiné a un
aéronef, selon la revendication 6, comprenant une
paire de couches de liaison supplémentaires (10)
déposées le long des deux extrémités du profilé
supplémentaire (6’).

Réservoir (1) d’hydrogéne composite destiné a un
aéronef, selon une quelconque revendication pré-
cédente, dans lequel 'une des premiére et seconde
moitiés (2, 3) présente une taille en coupe transver-
sale plus petite que celle de I'autre moitié (2, 3) pour
permettre son introduction et son chevauchement
au niveau de leurs zones de jonction (2b, 3b).
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