
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
30

3 
05

4
A

1
*EP004303054A1*

(11) EP 4 303 054 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
10.01.2024 Bulletin 2024/02

(21) Application number: 23181689.3

(22) Date of filing: 27.06.2023

(51) International Patent Classification (IPC):
B60K 15/03 (2006.01) B60K 15/073 (2006.01)

(52) Cooperative Patent Classification (CPC): 
B60K 15/073; B60K 15/03; B60K 2015/03046; 
B60K 2015/03052; B60K 2015/03059 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL 
NO PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA
Designated Validation States: 
KH MA MD TN

(30) Priority: 04.07.2022 JP 2022107641

(71) Applicant: TOYOTA JIDOSHA KABUSHIKI 
KAISHA
Toyota-shi, Aichi-ken, 471 8571 (JP)

(72) Inventor: ITO, Naoaki
Toyota-shi, 471-8571 (JP)

(74) Representative: J A Kemp LLP
80 Turnmill Street
London EC1M 5QU (GB)
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(57) An in-vehicle liquid hydrogen tank (10) includes:
an inner tank (12) that stores liquid hydrogen; an outer
tank (14) that accommodates the inner tank (12); and a
heat-insulation material (16) that is arranged in a heat-in-
sulation clearance (18) as a clearance between the inner
tank (12) and the outer tank (14) and holds the inner tank
(12) to be separated from an inner surface of the outer

tank (14). The heat-insulation clearance (18) has: a vac-
uum area (17) that is not filled with the heat-insulation
material (16); and an area that is filled with the heat-in-
sulation material (16) and thus allows the inner tank (12)
to be surface-supported by the heat-insulation material
(16).
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Japanese Pat-
ent Application No. 2022-107641 filed on July 4, 2022,
which is incorporated herein by reference in its entirety
including the specification, claims, drawings, and ab-
stract.

TECHNICAL FIELD

[0002] The present specification discloses an in-vehi-
cle liquid hydrogen tank that stores liquid hydrogen, and
a method for manufacturing the in-vehicle liquid hydro-
gen tank.

BACKGROUND

[0003] Conventionally, an in-vehicle liquid hydrogen
tank that stores hydrogen in a liquid state as is has been
known. For example, the following technique is disclosed
in PATENT DOCUMENT 1. A metallic inner tank is ar-
ranged inside an outer tank that is made of a reinforced
fiber material, and liquid hydrogen is stored in this inner
tank. In PATENT DOCUMENT 1, a vacuum heat-insula-
tion layer is formed between the outer tank and the inner
tank. In addition, a shock-absorbing material is partially
arranged between the outer tank and the inner tank, and
inside the outer tank, the inner tank is suspended and
held by the shock-absorbing material. According to such
an in-vehicle liquid hydrogen tank, heat transfer to the
inner tank is inhibited by the vacuum heat-insulation lay-
er. Thus, it is possible to keep the inside of the inner tank
at low temperature and thus to suppress vaporization of
liquid hydrogen.
[0004] However, in the configuration disclosed in PAT-
ENT DOCUMENT 1, the inner tank is suspended and
held by the shock-absorbing material that is partially ar-
ranged. In this case, when a strong impact is applied to
the in-vehicle liquid hydrogen tank, the shock-absorbing
material is possibly damaged or deformed, causing the
inner tank to collide with the outer tank. As a result, the
inner tank is possibly deteriorated or damaged. In the
case where the inner tank is deteriorated or damaged,
various problems such as leakage of hydrogen possibly
occur.
[0005] In view of the above, the present specification
discloses an in-vehicle liquid hydrogen tank capable of
storing liquid hydrogen further stably, and a method for
manufacturing the in-vehicle liquid hydrogen tank.

CITATION LIST

[0006] PATENT DOCUMENT 1: JP 2018-066426 A

SUMMARY

[0007] An in-vehicle liquid hydrogen tank disclosed in
the present specification includes: an inner tank that
stores liquid hydrogen; an outer tank that accommodates
the inner tank; and a heat-insulation material that is dis-
posed in a heat-insulation clearance as a clearance be-
tween the inner tank and the outer tank and holds the
inner tank to be separated from an inner surface of the
outer tank. The heat-insulation clearance has: a vacuum
area that is not filled with the heat-insulation material;
and an area that is filled with the heat-insulation material
and thus allows the inner tank to be surface-supported
by the heat-insulation material.
[0008] In the vacuum area, heat is not transferred ex-
cept by radiation. For this reason, it is possible to keep
a heat-insulation property of the inner tank high by pro-
viding the vacuum area. Meanwhile, in the case where
only the vacuum area is provided, the inner tank possibly
collides with the outer tank during a collision of a vehicle.
However, as described above, such an area is provided
where the heat-insulation clearance is filled with the heat-
insulation material, so as to allow the inner tank to be
surface-supported by the heat-insulation material. In this
way, it is possible to prevent such a collision of the inner
tank with the outer tank. In other words, with the above
configuration, it is possible to prevent the collision of the
inner tank with the outer tank during the collision of the
vehicle while maintaining the high heat-insulation prop-
erty. In this way, it is possible to effectively prevent de-
formation and damage to the inner tank. Therefore, liquid
hydrogen can be stored further stably.
[0009] In this case, the heat-insulation material may
include superinsulation that is formed by stacking one or
more heat shield layers, each of which is made of a metal
sheet, and one or more spacer layers, each of which is
made of a fiber material, and the heat-insulation clear-
ance may be vacuum-suctioned in a state where the heat-
insulation material is arranged therein.
[0010] It is possible to further effectively prevent a tem-
perature increase of liquid hydrogen by using the super-
insulation.
[0011] In addition, the heat-insulation material may be
accommodated in a sealed bag, and both the inside of
the sealed bag and the heat-insulation clearance may be
vacuum-suctioned.
[0012] With such a configuration, it is possible to sim-
plify manufacture of the liquid hydrogen tank.
[0013] The outer tank may have a rupture disc that is
ruptured when an internal pressure of the outer tank be-
comes equal to or higher than a specified allowable pres-
sure, so as to expose the inside of the outer tank to at-
mospheric air.
[0014] With such a configuration, it is possible to pre-
vent an excess increase in the internal pressure of the
outer tank and thus to improve safety of the liquid hydro-
gen tank.
[0015] The inner tank may be shaped to have a flat
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surface section.
[0016] Since the heat-insulation material is arranged
in the clearance between the outer tank and the inner
tank, an internal pressure of the inner tank is dispersed
to the outer tank and the heat-insulation material, and a
maximum allowable pressure of the inner tank is thereby
improved. In addition, even when the inner tank is de-
formed, the inner tank does not directly contact the outer
tank. Thus, the heat-insulation property is maintained.
Therefore, the inner tank can be shaped to have the flat
surface section.
[0017] A booster pump is further provided to pressurize
liquid hydrogen stored in the inner tank and to output
pressurized liquid hydrogen to the outside. A bottom por-
tion of the inner tank may be formed with a collector sec-
tion which is depressed downward and in which a lower
end of the booster pump is inserted.
[0018] With such a configuration, it is possible to sup-
press a pressure of stored liquid hydrogen to a low value,
and it is also possible to suppress the maximum allowable
pressure required for the inner tank to a low value. In this
way, it is possible to reduce cost and weight related to
the hydrogen tank.
[0019] A method for manufacturing an in-vehicle liquid
hydrogen tank disclosed in the present specification in-
cludes: accommodating a heat-insulation material, which
includes a fiber material, in a sealed bag and then vac-
uum-suctioning the inside of the sealed bag; and arrang-
ing, inside an outer tank, an inner tank that stores liquid
hydrogen, arranging the sealed bag in a heat-insulation
clearance as a clearance between the inner tank and the
outer tank, and thereafter vacuum-suctioning the heat-
insulation clearance.
[0020] The heat-insulation material is compressed by
vacuum-suctioning the sealed bag in advance. Thus, the
heat-insulation material can easily be arranged in the
clearance between the outer tank and the inner tank. In
addition, the heat-insulation clearance is vacuum-suc-
tioned after the heat-insulation material is arranged
therein. In this case, a differential pressure between the
inside and the outside of the sealed bag is reduced, the
heat-insulation material expands, and thus the clearance
can be filled with the heat-insulation material. In other
words, with the above configuration, it is possible to easily
manufacture the liquid hydrogen tank that can store liquid
hydrogen further stably.
[0021] According to the technique disclosed in the
present specification, liquid hydrogen can be stored fur-
ther stably.

BRIEF DESCRIPTION OF DRAWINGS

[0022] Embodiment(s) of the present disclosure will be
described based on the following figures, wherein:

FIG. 1 is a perspective view of an in-vehicle liquid
hydrogen tank;
FIG. 2 is a cross-sectional view of the in-vehicle liquid

hydrogen tank;
FIG. 3 is a schematic view illustrating a condition of
the in-vehicle liquid hydrogen tank during a collision;
FIG. 4 is a schematic view illustrating the condition
of the in-vehicle liquid hydrogen tank during manu-
facture;
FIG. 5A is a schematic view illustrating a condition
of a heat-insulation material before a heat-insulation
clearance is vacuum-suctioned;
FIG. 5B is a schematic view illustrating the condition
of the heat-insulation material after the heat-insula-
tion clearance is vacuum-suctioned;
FIG. 6 is a flowchart illustrating a manufacturing flow
of the in-vehicle liquid hydrogen tank;
FIG. 7 is a schematic view illustrating another exam-
ple of the in-vehicle liquid hydrogen tank;
FIG. 8 is a schematic view illustrating an in-vehicle
liquid hydrogen tank in a comparative example; and
FIG. 9 is a schematic view illustrating a condition of
the in-vehicle liquid hydrogen tank in the compara-
tive example during a collision.

DESCRIPTION OF EMBODIMENTS

[0023] A description will hereinafter be made on a liquid
hydrogen tank 10 (hereinafter referred to as a "hydrogen
tank 10") with reference to the drawings. FIG. 1 is a per-
spective view of the hydrogen tank 10. In addition, FIG.
2 is a cross-sectional view of the hydrogen tank 10. This
hydrogen tank 10 is mounted to a vehicle and stores hy-
drogen in a liquid state. No particular limitation is imposed
on a type of the vehicle to which such a hydrogen tank
10 is mounted. For example, the hydrogen tank 10 is
mounted to a fuel cell electric vehicle or a hydrogen en-
gine vehicle. A description will hereinafter be made on
the hydrogen tank 10 being mounted to the hydrogen
engine vehicle, as an example. In the hydrogen engine
vehicle, a direct-injection hydrogen engine that injects
high-pressure hydrogen gas into an engine cylinder is
mounted.
[0024] The hydrogen tank 10 stores hydrogen in a liq-
uid state. A pressure of stored liquid hydrogen is the same
as or slightly higher than the atmospheric pressure, and
is equal to or lower than 1 MPa, for example. In addition,
the hydrogen tank 10 stores liquid hydrogen in a state of
being kept at a sufficiently lower temperature than a boil-
ing point (-252.9°C at atmospheric pressure).
[0025] As illustrated in FIG. 1, the hydrogen tank 10 is
in a sandbag shape, and has a cylindrical trunk section
10a and end plate sections 10b, each of which seals an
end of the trunk section 10a in an axial direction. The end
plate section 10b has a dome shape that is formed by a
curved surface. A collector section 20 that is locally de-
pressed is provided to a bottom portion of the hydrogen
tank 10. The collector section 20 is formed by a cylinder,
and a dome-shaped portion that seals an end portion of
the cylinder. As it is apparent from the description so far,
almost all constituent surfaces of the hydrogen tank 10
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are curved surfaces. With such a configuration, it is pos-
sible to bring distribution of a pressure applied to the hy-
drogen tank 10 close to uniformity.
[0026] A liquid hydrogen fill port 26 and a hydrogen
gas return port 28 are attached to a lateral portion of the
hydrogen tank 10. The liquid hydrogen fill port 26 is a
port that accepts a supply of liquid hydrogen, and com-
municates with an inner tank 12, which will be described
below. The hydrogen gas return port 28 is a port used to
suction hydrogen gas (so-called boil-off gas), which is
vaporized by natural heat input during the supply of liquid
hydrogen, to a supply source side. This hydrogen gas
return port 28 also communicates with the inner tank 12.
[0027] Furthermore, plural ports including a pump port
24 and a boil-off port 25 are provided on top of the hy-
drogen tank 10. Here, FIG. 1 only illustrates the pump
port 24 and the boil-off port 25, and does not illustrate
the other ports. The pump port 24 is a port through which
a cylinder of a pump 22 (see FIG. 2) is inserted and which
communicates with the inner tank 12. The pump 22 is a
booster pump that pressurizes and pumps liquid hydro-
gen stored in the hydrogen tank 10 in response to a re-
quest from the hydrogen engine. The pressure of liquid
hydrogen after boosting is 5 MPa to several tens of MPa,
for example. High-pressure liquid hydrogen that is
pumped by the pump 22 is vaporized and is then directly
injected as the high-pressure hydrogen gas into the en-
gine cylinder. That is, in this example, only an amount of
hydrogen that is required by the hydrogen engine is pres-
surized and drawn. With such a configuration, it is pos-
sible to suppress the pressure of liquid hydrogen stored
in the hydrogen tank 10 to a low value. As a result, it is
possible to suppress a maximum allowable pressure of
the hydrogen tank 10 to a low value and thus to reduce
cost and weight related to the hydrogen tank 10.
[0028] In the pump 22, a suction port that suctions liq-
uid hydrogen in the tank is disposed in the collector sec-
tion 20. With such a configuration, even when a remaining
amount of liquid hydrogen in the tank becomes small, it
is possible to pump liquid hydrogen by the pump 22.
[0029] The boil-off port 25 is a port from which the hy-
drogen gas, which is produced when liquid hydrogen is
vaporized by the natural heat input, that is, the boil-off
gas, is released to the outside of the tank. This boil-off
port 25 communicates with the inner tank 12. A boil-off
valve 29 (see FIG. 2) is connected to the boil-off port 25.
The boil-off valve 29 is opened when an internal pressure
of the hydrogen tank 10 (more precisely, that of the inner
tank 12) becomes equal to or higher than a specified
release pressure, so as to release the boil-off gas to the
outside of the tank.
[0030] As illustrated in FIG. 2, such a hydrogen tank
10 has: the inner tank 12 that stores liquid hydrogen; and
an outer tank 14 that accommodates the inner tank 12.
The inner tank 12 is made of metal that is not brittle at
low temperature, and an example of such metal is stain-
less steel, particularly, 18-8 stainless steel. As described
above, this inner tank 12 is in a sandbag shape and has

the collector section 20 in the bottom portion. The inner
tank 12 is designed that a maximum allowable pressure
thereof is approximately twice to five times the above-
described release pressure.
[0031] The outer tank 14 has such a shape that the
inner tank 12 is offset to the outside. Similar to the inner
tank 12, such an outer tank 14 is also made of metal that
is not brittle at low temperature, and an example of such
metal is stainless steel. A heat-insulation clearance 18
that is a clearance with a predetermined thickness is pro-
vided between the outer tank 14 and the inner tank 12.
The thickness of this heat-insulation clearance 18 hardly
varies from place to place and is substantially constant.
[0032] The heat-insulation clearance 18 is partially
filled with a heat-insulation material 16, and the heat-
insulation clearance 18 is vacuum-suctioned. According-
ly, the heat-insulation clearance 18 has: a vacuum area
17 that is not filled with the heat-insulation material 16;
and an area that is filled with the heat-insulation material
16 and where the inner tank 12 is surface-supported by
the heat-insulation material 16. The heat-insulation ma-
terial 16 is a member that inhibits heat transfer from the
outside to the inner tank 12 and holds the inner tank 12
to be separated from the outer tank 14. Here, in the
present specification, "filling" means a state where the
heat-insulation material 16 is arranged in the heat-insu-
lation clearance 18 such that the heat-insulation material
16 is in contact with both of the inner tank 12 and the
outer tank 14.
[0033] No particular limitation is imposed on a config-
uration of the heat-insulation material 16 so long as the
heat-insulation material 16 exerts sufficient heat insula-
tion performance. In this example, superinsulation 34 is
used as the heat-insulation material 16. One or more
heat shield layers 30 and one or more spacer layers 32
are stacked to form the superinsulation 34. The heat
shield layer 30 is a layer that prevents thermal radiation,
and is made of sheet-like metal (such as aluminum). The
spacer layer 32 is a layer that prevents the heat transfer,
and is made of a fiber material such as glass wool. Such
superinsulation 34 has an average thermal conductivity
of 1 3 10-6 cal/sec.cm.°C or lower.
[0034] Both the heat-insulation material 16 and the
heat-insulation clearance 18 (and thus the vacuum area
17) are vacuum-suctioned. The vacuum suction effec-
tively prevents the heat transfer to the inner tank 12. In
this way, liquid hydrogen can be stored at low tempera-
ture. A seal-off valve 36 is provided to the outer tank 14.
The seal-off valve 36 communicates with a suction pump
(not illustrated) during this vacuum suction and is closed
after the vacuum suction.
[0035] A rupture disc 38 is further attached to the outer
tank 14. The rupture disc 38 is ruptured when an internal
pressure of the outer tank 14 exceeds a specified allow-
able pressure, so as to communicate between the heat-
insulation clearance 18 and an external space. The pro-
vision of such a rupture disc 38 can prevent an excess
increase in the internal pressure of the outer tank 14 and
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thus can secure safety of the hydrogen tank 10 further
reliably.
[0036] As it has been apparent from the description so
far, in this example, the heat-insulation clearance 18,
which is the clearance between the inner tank 12 and the
outer tank 14, is partially filled with the heat-insulation
material 16. A reason for such a configuration will be
described in comparison with a comparative example.
FIGs. 8 and 9 are schematic views illustrating a hydrogen
tank 10* in the comparative example.
[0037] As illustrated in FIG. 8, in the hydrogen tank 10*
in the comparative example, the inner tank 12 is sus-
pended and held inside the outer tank 14 by a coupling
member 40. The coupling member 40 is a member that
connects the inner tank 12 and the outer tank 14, and is
made of resin, for example. The heat-insulation clear-
ance 18 between the inner tank 12 and the outer tank 14
is not provided with the heat-insulation material 16 but is
vacuum-suctioned to have a high heat insulation prop-
erty. Such a hydrogen tank 10* is mounted to a vehicle.
In this case, when the vehicle collides with an obstacle,
and a strong impact is applied to the hydrogen tank 10*,
as illustrated in FIG. 9, the coupling member 40 is pos-
sibly damaged. In such a case, the inner tank 12 possibly
collides with the outer tank 14 severely due to a gravita-
tional force or an inertial force, which damages the inner
tank 12. When the inner tank 12 is damaged, naturally,
stored hydrogen leaks out and causes various problems.
[0038] Meanwhile, in this example, the heat-insulation
material 16 is partially arranged around the inner tank
12, and a part of an outer surface of the inner tank 12 is
in contact with the heat-insulation material 16. This heat-
insulation material 16 is thicker than the heat-insulation
clearance 18 in a no-load state (that is, a state where a
pressure difference between the inside and the outside
of the heat-insulation material 16 is almost zero). Thus,
the heat-insulation material 16 is in tight contact with both
the inner tank 12 and the outer tank 14 and holds the
inner tank 12 to be separated from the outer tank 14.
[0039] With such a configuration, even when the vehi-
cle collides with the obstacle, the inner tank 12 remains
separated from the outer tank 14. Thus, the impact on
the inner tank 12 can be reduced. FIG. 3 is a schematic
view illustrating a condition of the hydrogen tank 10 dur-
ing the collision. As illustrated in FIG. 3, according to this
example, there is a case where the inner tank 12 moves
slightly within the outer tank 14 due to the impact during
the collision. However, since the heat-insulation material
16 is interposed between the outer tank 14 and the inner
tank 12, the inner tank 12 remains separated from the
outer tank 14. Thus, it is possible to effectively prevent
the collision between the inner tank 12 and the outer tank
14. As a result, it is possible to further reliably prevent
the damage to the inner tank 12 and thus leakage of
hydrogen. In other words, according to this example, hy-
drogen can be stored further stably. In addition, in this
example, the vacuum area 17 that is not filled with the
heat-insulation material 16 is provided in the heat-insu-

lation clearance 18. In the vacuum area 17, heat is trans-
ferred only by radiation. By partially providing such a vac-
uum area 17, it is possible to keep the heat-insulation
property of the inner tank 12 high.
[0040] Incidentally, as illustrated in FIG. 4, the outer
tank 14 is formed by welding multiple outer tank pieces
50a, 50b. For example, the outer tank 14 is formed by
welding a cylindrical trunk section piece 50a and end
plate pieces 50b, each of which seals an end of the trunk
section piece 50a. When the hydrogen tank 10 is man-
ufactured, the outer tank pieces 50 are arranged around
the inner tank 12, the heat-insulation material 16 is ar-
ranged between each of these outer tank pieces 50 and
the inner tank 12, and the outer tank pieces 50 are weld-
ed. Then, when the outer tank 14 can be formed by weld-
ing, the heat-insulation clearance 18 is vacuum-suc-
tioned.
[0041] Here, as described above, the heat-insulation
material 16 is thicker than the heat-insulation clearance
18 in the no-load state. Accordingly, in the case where
the heat-insulation material 16 is arranged between the
inner tank 12 and the outer tank piece 50 in a manufac-
turing process of the hydrogen tank 10, as illustrated in
FIG. 4, the inner tank 12 or the outer tank piece 50 is
pressed and deformed by the heat-insulation material
16, which possibly results in an inappropriate shape of
the inner tank 12 or the outer tank 14 in the end. In ad-
dition, in a deformed state of the outer tank piece 50, it
is difficult to appropriately weld the outer tank pieces 50.
[0042] Thus, in this example, when the hydrogen tank
10 is manufactured, the heat-insulation material 16 is ac-
commodated in a sealed bag 44 in advance, and this
sealed bag 44 is vacuum-suctioned. A description ther-
eon will be given with reference to FIG. 5A and FIG. 5B.
FIG. 5A and FIG. 5B are schematic views, each of which
illustrates a manufacturing condition of the hydrogen tank
10.
[0043] As illustrated in FIG. 5A, and as described
above, the heat-insulation material 16 is accommodated
in the sealed bag 44. This sealed bag 44 is vacuum-
suctioned in advance. When the hydrogen tank 10 is
manufactured, this sealed bag 44 is arranged in the heat-
insulation clearance 18 between the inner tank 12 and
the outer tank piece 50. At a stage before welding of the
outer tank piece 50, the heat-insulation clearance 18 is
not yet vacuum-suctioned. Thus, at this time point, the
heat-insulation material 16 is pressed and compressed
by the atmospheric pressure. As a result, at the stage
before welding of the outer tank piece 50, as illustrated
in FIG. 5A, the heat-insulation material 16 is sufficiently
thinner than the heat-insulation clearance 18. For this
reason, even in the case where the heat-insulation ma-
terial 16 is arranged in the heat-insulation clearance 18,
neither the inner tank 12 nor the outer tank piece 50 is
deformed by a pressing force from the heat-insulation
material 16. At this time, the sealed bag 44 may be tem-
porarily bonded to the inner tank 12 or the outer tank
piece 50 so as to prevent movement of the sealed bag
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44 within the heat-insulation clearance 18.
[0044] Once the heat-insulation material 16 is properly
arranged, a worker welds the outer tank pieces 50 to-
gether to form the outer tank 14. Then, after the outer
tank 14 is formed, the worker vacuum-suctions the heat-
insulation clearance 18. As a result, a differential pres-
sure between the inside and the outside of the sealed
bag 44 is reduced, which eliminates compression of the
heat-insulation material 16. Then, as illustrated in FIG.
5B, the heat-insulation material 16 expands sufficiently
and is brought into tight contact with both the inner tank
12 and the outer tank 14. Once being in this state, the
inner tank 12 is held to be separated from the outer tank
14 by the heat-insulation material 16.
[0045] However, in this case, it is difficult to maintain
the thickness of the heat-insulation clearance 18 to be
constant at the stage before welding of the outer tank
piece 50. Thus, in this case, a spacer 54 (see FIGs. 5A
and 5B) may partially be arranged between the inner tank
12 and the outer tank piece 50. No particular limitation
is imposed on a configuration of the spacer 54 so long
as the thickness of the heat-insulation clearance 18 can
be maintained to be constant. Thus, the spacer 54 may
be made of the resin or the metal. In addition, the spacer
54 may or may not be bonded to at least one of the inner
tank 12 and the outer tank 14. Furthermore, in order to
prevent transmission of a concentrated load to a part of
the inner tank 12 via the spacer 54 during the collision
of the vehicle, the spacer 54 may be configured to be
deformed or destroyed relatively easily. For example, the
spacer 54 may have a bent section or a vulnerable sec-
tion to induce buckling.
[0046] FIG. 6 is a flowchart illustrating a manufacturing
flow of the hydrogen tank 10. As illustrated in FIG. 6, and
as described above, in the case where the hydrogen tank
10 is manufactured, the worker vacuum-suctions the
sealed bag 44, which accommodates the heat-insulation
material 16 (S10). Next, the worker arranges the outer
tank pieces 50 and the sealed bags 44 around the inner
tank 12 (S12). At this time, in order to keep the thickness
of the heat-insulation clearance 18 as designed, the
spacer 54 may be arranged between the inner tank 12
and the outer tank piece 50.
[0047] Next, the worker welds the outer tank pieces 50
together to form the sealed outer tank 14 (S14). There-
after, the worker connects the seal-off valve 36 to the
suction pump (not illustrated) and vacuum-suctions the
heat-insulation clearance 18 (S16). As a result, the dif-
ferential pressure between the inside and the outside of
the sealed bag 44 is reduced, causing the heat-insulation
material 16 to expand. Thus, the heat-insulation material
16 that has expanded is brought into contact with both
of the inner tank 12 and the outer tank 14, and holds the
inner tank 12 to be separated from the outer tank 14.
[0048] As it is apparent from the description so far, ac-
cording to this example, the heat-insulation material 16
is provided to hold the inner tank 12 to be separated from
the outer tank 14. With such a configuration, even in the

case where the vehicle collides with the obstacle, and
the strong impact is applied to the hydrogen tank 10, it
is possible to effectively prevent the damage to the inner
tank 12.
[0049] In addition, in this example, the internal pres-
sure on the inner tank 12 can be dispersed and transmit-
ted to the heat-insulation material 16 and the outer tank
14. Therefore, according to this example, it is possible
to increase the maximum allowable pressure of the hy-
drogen tank 10 without thickening the inner tank 12 and
the outer tank 14.
[0050] Furthermore, it is possible to improve a degree
of freedom in the shape of the inner tank 12 by providing
the heat-insulation material 16. More specifically, the in-
ner tank 12 can be shaped to have a flat surface section.
For example, as illustrated in FIG. 7, the inner tank 12
may be formed in a substantially cuboid shape that has
a plurality of flat surface sections 60. More specifically,
in the case where the flat surface section 60 is provided
to the inner tank 12 in a structure that the heat-insulation
material 16 is not arranged in the heat-insulation clear-
ance 18, the high pressure is applied to the flat surface
section 60. In this case, there is a possibility that flat sur-
face section 60 of the inner tank 12 is deformed and con-
tacts the outer tank 14. Then, when the inner tank 12 is
partially in contact with the outer tank 14, the heat insu-
lation performance is rapidly degraded, and it becomes
difficult to keep liquid hydrogen at low temperature. For
this reason, the conventional inner tank 12 does not have
the flat surface section 60 but is formed by the curved
surface only. In other words, the conventional inner tanks
12 usually have the sandbag shape or a spherical shape.
[0051] Meanwhile, in the case where the heat-insula-
tion material 16 is partially provided to the heat-insulation
clearance 18 as in this example, the heat-insulation ma-
terial 16 and the outer tank 14 receive the pressure on
the flat surface section 60 even when the flat surface
section 60 is provided to the inner tank 12. As a result,
it is possible to effectively prevent the deformation of the
inner tank 12. In addition, even when the inner tank 12
is deformed, it is possible to effectively prevent the con-
tact of the inner tank 12 with the outer tank 14 and thus
to maintain the high heat insulation performance. There-
fore, according to this example, it is possible to improve
the degree of freedom in the shape of the inner tank 12.
[0052] The configuration that has been described so
far is merely one example, and the remainder of the con-
figuration may be modified as long so the heat-insulation
material 16 is at least partially filled between the inner
tank 12 and the outer tank 14. For example, in the above-
described description, the heat-insulation material 16 is
accommodated in the sealed bag 44. However, the heat-
insulation material 16 may directly be arranged in the
heat-insulation clearance 18 without being accommodat-
ed in the sealed bag 44. In addition, the shape of the
hydrogen tank 10 may be modified appropriately, and
examples of the shape are the spherical shape, a rugby
ball shape, and a rectangular parallelepiped shape. Fur-
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thermore, in this example, the booster pump 22 is pro-
vided to the hydrogen tank 10. However, it may be the
case that the booster pump 22 is not provided.

Claims

1. An in-vehicle liquid hydrogen tank (10) comprising:

an inner tank (12) that stores liquid hydrogen;
an outer tank (14) that accommodates the inner
tank (12); and
a heat-insulation material (16) that is disposed
in a heat-insulation clearance (18) as a clear-
ance between the inner tank (12) and the outer
tank (14) and holds the inner tank (12) to be
separated from an inner surface of the outer tank
(14), wherein
the heat-insulation clearance (18) has: a vacu-
um area that is not filled with the heat-insulation
material (16); and an area that is filled with the
heat-insulation material (16) and thus allows the
inner tank (12) to be surface-supported by the
heat-insulation material (16).

2. The in-vehicle liquid hydrogen tank (10) according
to claim 1, wherein

the heat-insulation material (16) includes super-
insulation (34) that is formed by stacking one or
more heat shield layers (30), each of which is
made of a metal sheet, and one or more spacer
layers (32), each of which is made of a fiber ma-
terial, and
the heat-insulation clearance (18) is vacuum-
suctioned in a state where the heat-insulation
material (16) is arranged therein.

3. The in-vehicle liquid hydrogen tank (10) according
to claim 2, wherein

the heat-insulation material (16) is accommo-
dated in a sealed bag (44), and
both the inside of the sealed bag (44) and the
heat-insulation clearance (18) are vacuum-suc-
tioned.

4. The in-vehicle liquid hydrogen tank (10) according
to any one of claims 1 to 3, wherein
the outer tank (14) has a rupture disc (38) that is
ruptured when an internal pressure of the outer tank
(14) becomes equal to or higher than a specified
allowable pressure, so as to expose inside of the
outer tank (14) to atmospheric air.

5. The in-vehicle liquid hydrogen tank (10) according
to any one of claims 1 to 4, wherein
the inner tank (12) is shaped to have a flat surface

section (60).

6. The in-vehicle liquid hydrogen tank (10) according
to any one of claims 1 to 5, further comprising:

a booster pump (22) that pressurizes liquid hy-
drogen stored in the inner tank (12) and outputs
pressurized liquid hydrogen to the outside,
wherein
a bottom portion of the inner tank (12) is formed
with a collector section (20) which is depressed
downward and in which a lower end of the boost-
er pump (22) is inserted.

7. A method for manufacturing an in-vehicle liquid hy-
drogen tank (10), comprising:

accommodating a heat-insulation material (16),
which includes a fiber material, in a sealed bag
(44) and then vacuum-suctioning inside of the
sealed bag (44); and
arranging, in an outer tank (14), an inner tank
(12) that stores liquid hydrogen, arranging the
sealed bag (44) in a heat-insulation clearance
(18) as a clearance between the inner tank (12)
and the outer tank (14), and thereafter vacuum-
suctioning the heat-insulation clearance (18).
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