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(54) PRESSURE VESSEL AND PRODUCTION METHOD THEREFOR

(57) A second protective member (62) is provided to
cover a thin wall portion and its periphery of a second
tank head section (92), so as to protect the thin wall por-
tion. The thin wall portion is a region of the second tank
head section (92) in which a reinforcing layer (20) has a
smaller wall thickness. The second protective member
(62) has a double layer structure including an inner layer
made of polyurethane and an outer layer made of a ma-
terial mixture of polyurethane and expanded graphite.
This structure suppresses the mass and the volume of a
pressure vessel from being increased by the presence
of a protective layer.
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Description

Field

[0001] The present invention relates to a pressure ves-
sel.

Background Art

[0002] A pressure vessel storing hydrogen or the like
includes, for example, a liner, a reinforcing layer and a
protective layer. The inside of the liner defines a storage
chamber. The reinforcing layer is made of a fiber-rein-
forced plastic formed on an outer surface of the liner. The
protective layer is formed on an outer surface of the re-
inforcing layer such that a thermally foamable resin layer
is placed between glass fibers (for example, Patent Lit-
erature 1).

Citation List

Patent Literature

[0003] [Patent Literature 1] JP 2012-2257A

Summary

Technical Problem

[0004] A problem of the above prior art technique is
that the mass and the volume of the pressure vessel are
increased by the presence of the protective layer. Other
needs over the prior art technique include downsizing of
the pressure vessel, cost reduction, resource saving,
simplification of manufacture and improvement of usa-
bility.

Solution to Problem

[0005] In order to solve the problems described above,
the invention may be implemented by any of the following
aspects.

(1) According to one aspect, there is provided a pres-
sure vessel, comprising: a vessel main body having
a tank head section and a shell plate section; and a
protective member including a non-foamed thermal-
ly foamable material, which forms a heat insulating
layer when being foamed, and placed to cover part
of an outer surface of the tank head section. When
the tank head section includes a region of the vessel
main body having a smallest wall thickness, this as-
pect enables the region to be protected from high
temperature by foaming the thermally foamable ma-
terial. The protective member is arranged not to cov-
er the shell plate section. This arrangement avoids
adverse effect caused by extending the region cov-
ered by the protective member. The adverse effect

includes, for example, increasing the outer diameter
of the pressure vessel, increasing the mass of the
pressure vessel and decreasing the heat release
performance of the pressure vessel.
(2) In the above aspect, the protective member may
include a layer containing the thermally foamable
material and a layer containing a buffer material. This
aspect enables the protective member to be pro-
duced at low cost, while providing the function of
protection from impact to the protective member. In
order to provide the function of protection from im-
pact, it is preferable that the protective member has
a certain level of volume. Including the thermally
foamable material in the entire volume is likely to
increase the cost of the protective member. Forming
the protective member to include the layer containing
the thermally foamable material and the layer con-
taining the buffer material reduces the amount of the
thermally foamable material used, while enabling the
protective member to have a certain level of mass.
This results in achieving the above advantageous
effect.
(3) In the above aspect, the layer containing the buff-
er material may be placed on inner side of the layer
containing the thermally foamable material. Even
when the layer containing the buffer material has rel-
atively low resistance to high temperature, this as-
pect enables the layer containing the buffer material
to be protected from high temperature by the layer
containing the thermally foamable material.
(4) In the above aspect, the tank head section pro-
tected by the protective member may be a tank head
section without a safety valve provided to work at
high temperature. This aspect decreases the possi-
bility of interfering with the normal operation of the
safety valve. This is because placing the protective
member in the neighborhood of the safety valve is
likely to interfere with release of the pressure by
foaming of the thermally foamable material.
(5) In the above aspect, the protective member may
have an outer diameter that is equal to or smaller
than outer diameter of the vessel main body. This
aspect prevents an increase in outer diameter of the
pressure vessel.
(6) In the above aspect, the part of the tank head
section covered by the protective member may in-
clude a region having a smallest wall thickness. This
aspect protects the region having the smallest wall
thickness, i.e., the region having the lowest resist-
ance to high temperature.
(7) According to another aspect, there is provided a
production method of a pressure vessel, comprising:
producing a vessel main body including a tank head
section and a shell plate section; and covering a pro-
tective member including a non-foamed thermally
foamable material, which forms a heat insulating lay-
er when being foamed, over at least part of an outer
surface of the tank head section to be fixed to the at
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least part of the outer surface of the tank head sec-
tion.

[0006] The invention may be implemented by any of
various aspects other than those described above. For
example, the invention may be applied to the above pro-
tective member or a production method of this protective
member as described below.

(A) According to another aspect, there is provided a
protective member arranged to cover at least part of
an outer surface of a vehicle main body including a
tank head section and a shell plate section and there-
by protect the vehicle main body, the protective
member being configured to include a non-foamed
thermally foamable material, which forms a heat in-
sulating layer when being foamed, and placed to cov-
er at least part of the outer surface of the tank head
section.
(B) The protective member of the above aspect may
include a layer containing the thermally foamable
material and a layer containing a buffer material.
(C) In the protective member of the above aspect,
the layer containing the buffer material may be
placed on inner side of the layer containing the ther-
mally foamable material.
(D) The tank head section protected by the protective
member of the above aspect may be a tank head
section without a safety valve provided to work at
high temperature.
(E) The protective member of the above aspect may
have an outer diameter that is equal to or smaller
than outer diameter of the vessel main body.
(F) According to another aspect, there is provided a
production method of a protective member arranged
to cover at least part of an outer surface of a vehicle
main body and thereby protect the vehicle main
body, the production method comprising: a first step
of forming a first layer constituting the protective
member by mold forming; and a second step of form-
ing a second layer constituting the protective mem-
ber and being stacked on the first layer by mold form-
ing, wherein at least one of the first layer and the
second layer includes a thermally foamable material.
This aspect enables the protective member of double
layer structure to be readily produced.
(G) In the production method of the above aspect,
the thermally foamable material may be included in
only a layer placed on outer side in an application of
protecting a pressure vessel out of the first and the
second layers. This aspect reduces the material cost
of the thermally foamable material. It is preferable
that the thermally foamable material is included in
the layer placed on the outer side as described
above.
(H) In the production method of the above aspect,
the second layer may include the thermally foamable
material. This aspect enables the first layer and the

second layer to be readily bonded to each other. This
advantageous effect is achieved by first forming the
first layer which does not include the thermally foam-
able material and is placed on the inner side and
subsequently forming the second layer which in-
cludes the thermally foamable material and is placed
on the outer side as described in (F), (G) and (H).

[0007] It is preferable that the first layer and the second
layer are bonded to each other. The type of bonding may
be, for example, mechanical linkage. An exemplary tech-
nique of mechanical linkage is a "dovetail joint". The
dovetail joint is a type of joint and is the technique using
a "tenon" having the cross sectional shape of narrowed
base like a head of an ant. The tenon is a protrusion to
be fit in a "mortise" provided in a separate member, so
as to link two members to each other. The narrowed base
of the tenon as described above does not cause the two
linked members to be readily separated from each other
even under application of force of parting the two mem-
bers from each other. The dovetail joint is generally em-
ployed for wood, but is not limited to wood in this appli-
cation.
[0008] In the method using the mold-forming technique
as described in (F), forming a layer having a tenon at the
first step and subsequently forming a layer having a mor-
tise using the previously formed layer as part of the mold
does not need a step of removing the mold from the mor-
tise. This results in producing the protective member rel-
atively easily.
[0009] The tenon may be provided in the first layer (in-
ner layer) or in the second layer (outer layer). It is, how-
ever, preferable that the second layer is formed to wrap
the first layer, in order to protect the first layer from high
temperature. In the arrangement that the first layer is
wrapped by the second layer, the first layer may be
formed in such a shape that the entire first layer serves
as a tenon. This simplifies both the shape of the first layer
and the shape of the second layer and thereby facilitates
mold forming. This enables the two layers to be bonded
to each other by the simple technique as described
above. This bonding continues its effect even when the
second layer is foamed.

(I) In the production method of the above aspect, the
first layer and the second layer may include poly-
urethane. This aspect readily increases the bonding
strength between the two layers. This is because
forming the two layers by polymerization of the same
type of polymer compound causes the first layer and
the second layer to be chemically bonded to each
other.
(J) In the production method of the above aspect,
the thermally foamable material is expanded graph-
ite.
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Brief Description of Drawings

[0010]

Fig. 1 is a cross sectional view and a bottom view of
a high-pressure hydrogen tank;
Fig. 2 is a diagram illustrating a first step in a pro-
duction process of a second protective member; and
Fig. 3 is a diagram illustrating a second step in the
production process of the second protective mem-
ber.

Description of Embodiments

[0011] Fig. 1 illustrates a high-pressure hydrogen tank
100. Fig. 1A is a front cross sectional view, and Fig. 1B
is a bottom vies. The high-pressure hydrogen tank 100
is used to supply hydrogen to a fuel cell for automobile
and is mounted on the automobile. The high-pressure
hydrogen tank 100 includes a resin liner 10, a reinforcing
layer 20, a valve-side cap 30, an end-side cap 40, a valve
50, a first protective member 61 and a second protective
member 62.
[0012] The resin liner 10 is provided to define a space
which is to be filled with hydrogen and is produced by
resin molding. The reinforcing layer 20 is provided to cov-
er the outer periphery of the resin liner 10, in order to
reinforce the resin liner 10. The material of the reinforcing
layer 20 is CFRP (carbon fiber reinforced plastic). The
reinforcing layer 20 is formed by FW (filament winding)
method. The resin liner 10 and the reinforcing layer 20
constitute a tank main body.
[0013] As shown in Fig. 1, the tank main body has a
shell plate section 80, a first tank head section 91 and a
second tank head section 92. The shell plate section 80
forms part of the resin liner 10 and the reinforcing layer
20 and has a cross sectional shape of straight line. The
direction of this straight line is identical with the direction
of an axis O shown in Fig. 1. The first tank head section
91 and the second tank head section 92 respectively form
residual parts of the resin liner 10 and the reinforcing
layer 20 other than the part formed by the shell plate
section 80. In other words, the first tank head section 91
and the second tank head section 92 respectively have
cross sectional shapes other than the straight line along
the longitudinal direction of the tank or more specifically
cross sectional shapes of curved lines.
[0014] The valve-side cap 30 is in an approximately
cylindrical shape and has a brim extruded from its outer
circumferential surface. The valve-side cap 30 is fixed
by inserting this brim between the resin liner 10 and the
reinforcing layer 20 in the first tank head section 91. The
inner circumferential surface of the valve-side cap 30
serves as an inlet/outlet of hydrogen. The valve 50 is
operated to open and close the inlet/outlet of hydrogen
defined by the valve-side cap 30. The valve 50 includes
a fusible plug valve (not shown). The fusible plug valve
is one type of safety valve and works to release the pres-

sure of the stored gas to the outside when the tempera-
ture of the high-pressure hydrogen tank 100 rises to or
above a specified temperature. An external thread is
formed on the inner circumferential surface of the valve-
side cap 30, whereas an internal thread is formed on the
outer circumferential surface of the valve 50. Fastening
these threads seals the inside of the resin liner 10.
[0015] The end-side cap 40 is placed in the second
tank head section 92 to be exposed on both the inside
and the outside of the tank. This placement is for the
purpose of releasing the heat inside of the tank to the
outside. In order to enhance the efficiency of heat re-
lease, a metal such as aluminum is employed for the
material of the end-side cap 40.
[0016] The first protective member 61 is provided to
cover a thin-wall portion and its periphery (hereinafter
collectively referred to as "thin-wall region") of the first
tank head section 91, so as to protect the thin-wall portion
from impact. The thin-wall portion of the first tank head
section 91 is a region of the first tank head section 91 in
which the reinforcing layer 20 has the smallest wall thick-
ness, and forms a middle portion of the first tank head
section 91. The middle portion herein is a part away from
both the valve-side cap 30 and the shell plate section 80.
The appearance of this thin-wall portion is attributed to
that the reinforcing layer 20 is formed by the FW method.
The thin-wall portion has lower resistances to impact and
high temperature, compared with the other portions.
[0017] The first protective member 61 is formed in a
shape of truncated conical surface (hereinafter this
shaped is called "flat marker cone shape") to cover the
thin-wall portion. Polyurethane foam is employed for the
material of the first protective member 61, in order to
enhance the impact resistance. The first protective mem-
ber 61 is formed by mold forming and is fixed to the outer
surface of the reinforcing layer 20 by means of an adhe-
sive.
[0018] The second protective member 62 is placed to
cover a thin-wall region of the second tank head section
92, so as to protect the thin-wall portion from impact and
high temperature. The second protective member 62 has
an outer shape approximately the same as the outer
shape of the first protective member 61. The second pro-
tective member 62 is fixed to the reinforcing layer 20 by
means of an adhesive. Unlike the first protective member
61, the second protective member 62 has a double layer
inner structure. This inner structure is provided to achieve
the protective function from both the impact and the high
temperature. The second protective member 62 is pro-
duced by mold forming. This double layer structure is
described with reference to Figs. 2 and 3.
[0019] Figs. 2 and 3 illustrate a left half of end faces of
a mold and the second protective member 62, in order
to explain a production process of the second protective
member 62. These end faces are bilaterally symmetrical,
so that a right half of the end faces is omitted from the
illustration. The actual shapes of the mold and the second
protective member 62 are obtained by rotating the
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shapes illustrated in Figs. 2 and 3 about the axis O.
[0020] The double layer structure of the second pro-
tective member 62 described above has an inner layer
71 and an outer layer 72. Fig. 2 shows a first step of
producing the inner layer 71 by mold forming. As shown
in Fig. 2, the first step uses a first upper mold 211, a
second upper mold 212 and a first lower mold 311. The
material of the inner layer 71 is polyurethane foam which
is the same material as that of the first protective member
61. Foaming by mixing two liquids using the above molds
forms the inner layer 71.
[0021] Fig. 3 shows a second step of mold forming the
outer layer 72. As shown in Fig. 3, the second step uses
the first upper mold 211, a third upper mold 223, a fourth
upper mold 224 and a second lower mold 322. The molds
used at the second step are provided by replacing the
molds other than the first upper mold 211 after the first
step. The material of the outer layer 72 is a mixture of
expanded graphite and polyurethane foam. Foaming a
mixture of expanded graphite with a fluid as the raw ma-
terial of polyurethane foam using the above molds forms
the outer layer 72. The inner layer 71 and the outer layer
72 both contain polyurethane and accordingly have a
chemical linkage. The molds illustrated in Figs. 2 and 3
are only an example of the vertically split type and are
not restrictive.
[0022] The second protective member 62 is provided
to protect the thin wall portion of the second tank head
section 92 from impact and high temperature as de-
scribed above. The inner layer 71. and the outer layer 72
exert the function of protection from impact, whereas the
outer layer 72 exerts the function of protection from high
temperature. The outer layer 72 contains expanded
graphite and is thus abruptly expanded by its thermal
foamability when being exposed to high temperature. As
a result, the outer layer 72 separates the thin wall portion
from, for example, flame as the source of high tempera-
ture and exerts the heat insulating function. This function
makes the thin wall portion unlikely to have high temper-
ature and results in improving the heat insulating per-
formance of the high-pressure hydrogen tank 100.
[0023] The second protective member 62 is provided
to protect the thin wall region, while only slightly increas-
ing the body (mass and volume) of the high-pressure
hydrogen tank 100. The second protective member 62
has an outer diameter that is smaller than the outer di-
ameter of the shell plate section 80 as illustrated in Fig.
1 and accordingly does not increase the outer diameter
of the high-pressure hydrogen tank 100.
[0024] Additionally, the second protective member 62
is configured not to significantly slow down the filling rate
of the high-pressure hydrogen tank 100. Hydrogen is
compressed to have high temperature during the filling
operation. It is undesirable that hydrogen has significant-
ly high temperature, so that it is preferable to fill hydrogen
while avoiding the temperature of or above a specified
temperature. The slow heat release from the inside to
the outside of the high-pressure hydrogen tank 100 pro-

vides the necessity to slow down the filling rate. The sec-
ond protective member 62 covers only the thin wall region
and does not decrease its heat release property, com-
pared with the configuration that a protective member
cover the entire shell plate section 80. As a result, the
second protective member 62 does not significantly slow
down the filling rate.
[0025] As described above, the second protective
member 62 hardly increases the body of the high-pres-
sure hydrogen tank 100 and does not significantly slow
down the filling rate, while ensuring the advantageous
effect of improving the heat insulating performance.
These properties are achieved by noting the character-
istic of the FW method that the center regions of the first
tank head section 91 and the second tank head section
92 form thin wall portions and protecting the thin wall
portions by the first protective member 61 and the second
protective member 62 provided as separate members.
[0026] The first protective member 61 is fixed to the
first tank head section 91 as described above. The valve
50 having the fusible plug valve is placed on the first tank
head section 91. The first protective member 61 does
not contain expanded graphite and is thus hardly expand-
ed when being exposed to high temperature. As a result,
the first protective member 61 does not interfere with the
function of the fusible plug valve by expansion in the state
that the fusible plug valve is to be activated.
[0027] The double layer structure of the second pro-
tective member 62 has a high bonding strength between
the two layers. It is thus unlikely that the outer layer 72
is removed and the second protective member 62 loses
the function of protection from high temperature. This
advantageous effect is of great significance especially
during expansion of the outer layer 72. This bonding
strength includes chemical bonding strength and me-
chanical bonding strength. The chemical bonding
strength is generated by inclusion of polyurethane in the
inner layer 71 and the outer layer 72.
[0028] As shown in Fig. 3, the mechanical bonding
strength is generated by serving the entire inner layer 71
as a tenon of a dovetail joint and the recess of the outer
layer 72 as a mortise. This function is achieved by the
shape of the inner layer 71 and the shape of the recess
of the outer layer 72 as illustrated in Fig. 3. The shape
of the inner layer 71 herein denotes a shape having a
more extended side forming the inner side of the second
protective member 62 compared with a side exposed as
the outer surface of the second protective member 62.
The shape of the recess herein denotes a shape causing
the inner layer 71 to be closely fit in the recess. The recess
in the shape which the inner layer 71 is closely fit is nat-
urally provided by mold-forming the outer layer 72 using
the inner layer 71 as part of the mold.
[0029] As understood from Fig. 3, application of a force
in a direction parallel to an xy plane to the inner layer 71
and the outer layer 72 does not readily part the inner
layer 71 from the outer layer 72. Application of a force in
a z direction does not work to separate the inner layer
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71 from the outer layer 72 since the inner layer 71 and
the outer layer 72 are formed in the flat marker cone
shape as described above.
[0030] The procedure needed to generate such a me-
chanical bonding strength simply mold-forms the inner
layer 71 and subsequently mold-forms the outer layer 72
by utilizing the inner layer 71 as part of the mold.
[0031] Additionally, the outer layer 72 has the recess
serving as the mortise while wrapping large part of the
inner layer 71 and can thus effectively protect the inner
layer 71 from high temperature. The large part of the
inner layer 71 herein is part that is not in contact with the
reinforcing layer 20. Polyurethane is flammable without
flame retardant treatment, so that protection of the inner
layer 71 from high temperature is effective.
[0032] The first protective member 61 and the second
protective member 62 are fixed by means of the adhe-
sive. This allows for easy replacement and ensures the
easy maintenance.
[0033] The invention is not limited to any of the em-
bodiments, the examples and the modifications de-
scribed above but may be implemented by a diversity of
other configurations without departing from the scope of
the invention. For example, the technical features of the
embodiments, examples or modifications corresponding
to the technical features of the respective aspects de-
scribed in Summary may be replaced or combined ap-
propriately, in order to solve part or all of the problems
described above or in order to achieve part or all of the
advantageous effects described above. Any of the tech-
nical features may be omitted appropriately unless the
technical feature is described as essential herein.
[0034] The fluid to be stored is not limited to hydrogen.
Expanded graphite may be contained in the inner layer
of the second protective member, while expanded graph-
ite may not be contained in the outer layer. The second
protective member may have a single layer structure,
and expanded graphite may be contained in its single
layer.

Reference Signs List

[0035]

10 Resin liner
20 Reinforcing layer
30 Valve-side cap
40 End-side cap
50 Valve
61 First protective member
62 Second protective member
71 Inner layer
72 Outer layer
80 Shell plate section
91 First tank head section
92 Second tank head section
100 High-pressure hydrogen tank
211 First upper mold

212 Second upper mold
223 Third upper mold
224 Fourth upper mold
311 First lower mold
322 Second lower mold

Claims

1. A pressure vessel, comprising:

a vessel main body having a tank head section
and a shell plate section; and
a protective member including a non-foamed
thermally foamable material, which forms a heat
insulating layer when being foamed, and placed
to cover part of an outer surface of the tank head
section.

2. The pressure vessel according to claim 1,
wherein the protective member includes a layer con-
taining the thermally foamable material and a layer
containing a buffer material.

3. The pressure vessel according to claim 2,
wherein the layer containing the buffer material is
placed on inner side of the layer containing the ther-
mally foamable material.

4. The pressure vessel according to any one of claims
1 to 3,
wherein the tank head section protected by the pro-
tective member is a tank head section without a safe-
ty valve provided to work at high temperature.

5. The pressure vessel according to any one of claims
1 to 4,
wherein the protective member has an outer diam-
eter that is equal to or smaller than outer diameter
of the vessel main body.

6. The pressure vessel according to any one of claims
1 to 5,
wherein the part of the tank head section covered
by the protective member includes a region having
a smallest wall thickness.

7. A production method of a pressure vessel, compris-
ing:

producing a vessel main body including a tank
head section and a shell plate section; and
covering a protective member including a non-
foamed thermally foamable material, which
forms a heat insulating layer when being
foamed, over at least part of an outer surface of
the tank head section to be fixed to the at least
part of the outer surface of the tank head section.
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