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(54) TANK AND MANUFACTURING METHOD THEREFOR

(57) The present invention provides a method of
manufacturing a tank having a reinforcement fiber layer,
the method comprising: a winding step of winding a fiber
impregnated with resin by a predetermined number of
windings; and a curing step of thermally curing the im-
pregnating resin in the wound fiber to thereby form the

reinforcement fiber layer. In the winding step, an end por-
tion, being a winding end, of the fiber is tucked into an
inner fiber layer which has already been wound to thereby
insert at least a portion of a fixing region that is a part of
the end portion into between fibers forming the outermost
layer so that the end portion is fixed to the inner fiber layer.
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Description

Technical Field

[0001] The present invention relates to a tank having
a reinforcement fiber layer and a method of manufactur-
ing the same.

Background Art

[0002] In a fuel cell system installed in, for example, a
fuel cell vehicle, a high-pressure hydrogen tank is used
as a fuel gas supply source. The high-pressure hydrogen
tank is, in general, manufactured using a filament winding
method. Specifically, in the filament winding method, a
fiber impregnated with thermosetting resin is wound
around an outer periphery of a liner (inner container) and
then the resin in the wound fiber is thermally cured. As
a result, a reinforcement fiber layer is formed on the outer
periphery of the liner to thereby ensure the strength of
the high-pressure hydrogen tank.
[0003] Since the filament winding method typically us-
es a fiber impregnated with low-viscosity resin, a terminal
end (i.e., a winding end) of the fiber may not be able to
be attached with sufficient strength to a winding surface,
being a surface formed by the already-wound fiber, and
may thus possibly be detached therefrom. In addition,
the viscosity of resin is further lowered due to heat during
thermal curing and the terminal end of the fiber will be-
come easily loosened. Thus, at the end of winding, an
operator has cut the fiber and tightly fixed, by tying or the
like, the terminal end of the fiber onto the winding surface.
[0004] Another known method for handling the termi-
nal end of fiber, different from the tying and fixing method
above, is described in, for example, Patent Document 1
below. In this method, a double-faced tape is adhered to
an inner surface of the terminal end of prepreg fiber and
the terminal end of the fiber is adhered to the winding
surface at the end of winding. In addition, a tank manu-
facturing method described in Patent Document 2 in-
cludes the steps of winding a fiber impregnated with resin
by a predetermined number of windings and thermally
curing the impregnating resin in the wound fiber to there-
by form a reinforcement fiber layer. In the winding step,
the terminal end of the fiber is inserted into the already-
wound fiber using a jig. More specifically, the terminal
end of the fiber is inserted so as to transverse the wind-
ings of the already-wound fiber forming the outermost
layer in such a way as to hold the terminal end of the
fiber between the outermost layer of the already-wound
fiber and an inner layer of the outermost layer to thereby
hold the terminal end of the fiber by several windings of
the already-wound fiber.
[0005] However, the method of tying and fixing the ter-
minal end by an operator’s hand requires a lot of time
and effort. In order to mass-produce tanks, it is desirable
to improve the operability of the filament winding method
by shortening the time taken for the winding step.

[0006] Furthermore, in the method using the double-
faced tape in Patent Document 1 and the method of in-
serting the terminal end of the fiber into the already-
wound fiber in Patent Document 2, a portion provided
with the double-faced tape or a portion in which the fibers
overlap one another as a result of the insertion of the
fiber is bulged after thermal curing and is highly likely to
cause irregularities to be formed on an outer surface of
the resulting tank. Such irregularities not only degrade
the appearance of the resulting tank as a finished product
but also cause stress concentration and damage therein
and further cause degradation of the strength of the re-
inforcement fiber layer. In addition, the techniques de-
scribed in Patent Documents 1 and 2 require manual
operations by a human and it is thus difficult to be auto-
mated.

Related Art Documents

Patent Document

[0007]

Patent Document 1: JPH09-183164 A
Patent Document 2: JP2009-285973 A

Disclosure of the Invention

Problem to be Solved by the Invention

[0008] As described above, the techniques described
in Patent Documents 1 and 2 above have problems to
be solved, i.e., these techniques require manual opera-
tion by a human and cause irregularities on a surface.
[0009] The present invention has been made in light
of such problems and an object of the present invention
is to provide a method of manufacturing a tank capable
of enhancing a smoothness of a surface of a finished
tank and improving operability during manufacturing for
mass production, as well as a tank with its surface
smoothness being highly ensured.

Means for Solving the Problem

[0010] In order to solve the problems above, a method
of manufacturing a tank according to the present inven-
tion is a method of manufacturing a tank having a rein-
forcement fiber layer, the method comprising: a winding
step of winding a fiber impregnated with resin by a pre-
determined number of windings; and a curing step of ther-
mally curing the impregnating resin in the wound fiber to
thereby form the reinforcement fiber layer. In the winding
step, an end portion, being a winding end, of the fiber is
tucked into an inner fiber layer which has already been
wound to thereby insert at least a portion of a fixing region
that is a part of the end portion into between fibers forming
an outermost layer so that the end portion is fixed to the
inner fiber layer.
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[0011] The inventors thought that, in the related art
tank manufacturing method, a configuration, in which the
terminal end of the fiber is inserted into the already-
wound fiber in such a way as to transverse the already-
wound fiber and the terminal end of the fiber is held by
several windings of the already-wound fiber, causes ir-
regularities on the surface of a finished tank. By inserting
the terminal end of the fiber into the already-wound fiber
in such a way as to transverse the already-wound fiber
forming the outermost layer so as to hold the terminal
end of the fiber between the outermost layer of the al-
ready-wound fiber and a layer on the inner side of the
outermost layer, the inserted terminal end of the fiber lifts
the already-wound fiber. In other words, the already-
wound fiber bulges rapidly, so as to be astride over the
inserted terminal end of the fiber, with respect to the other
portion.
[0012] In the present invention, by tucking the end por-
tion, being a winding end, of the fiber into the inner fiber
layer which has already been wound to thereby insert at
least a portion of the fixing region that is a part of the end
portion into between fibers forming the outermost layer
so that the end portion is fixed to the inner fiber layer. By
handling the end portion in this way, local bulging in the
inner fiber layer into which the end portion is inserted is
alleviated. Specifically, the already-wound fiber forming
the inner fiber layer is configured such that the fibers are
arranged adjacent to each other. By tucking the end por-
tion into the inner fiber layer, the minute space between
the adjacent fibers is used to the maximum extent to form
the space into which the fixing region that is a part of the
end portion is inserted. By forming the space into which
the fixing region is inserted, the local bulging in the inner
fiber layer is alleviated. In addition, since the terminal end
can be handled only by such tucking of the end portion,
the operability has greatly been improved.
[0013] In the method of manufacturing a tank accord-
ing to the present invention, it is preferable that, in the
winding step, the portion of the fixing region is inserted
into between the fibers forming the outermost layer by
the tucking of the end portion, and a remainder of the
fixing region is arranged in the inner fiber layer that is
deeper than the outermost layer.
[0014] In such preferred embodiment, since the portion
of the fixing region is inserted into between the fibers
forming the outermost layer, it is possible to hold the por-
tion of the fixing region while alleviating the local bulging
in the outermost layer. In addition, the remainder of the
fixing region is arranged in the inner fiber layer that is
deeper than the outermost layer, the remainder of the
fixing region can be held more securely. Accordingly, it
is possible to hold the entire fixing region more securely
by the outermost layer and the inner fiber layer that is
deeper than the outermost layer while avoiding bulging
in the outermost layer.
[0015] In the method of manufacturing a tank accord-
ing to the present invention, it is preferable that the re-
mainder of the fixing region is formed so as to be closer

to a distal end of the end portion with respect to the portion
of the fixing region
[0016] In the preferred embodiment, by forming the re-
mainder of the fixing region so as to be closer to the distal
end of the end portion, the remainder of the fixing region
can be easily arranged on the deeper side in the inner
fiber layer.
[0017] In the method of manufacturing a tank accord-
ing to the present invention, it is preferable that the fixing
region is bent along a direction intersecting a plane in-
cluding the outermost layer so that the remainder of the
fixing region is arranged in the inner fiber layer that is
deeper than the outermost layer.
[0018] In the preferred embodiment, since the fixing
region is bent in the direction intersecting the plane in-
cluding the outermost layer so as to be arranged in the
inner fiber layer, it is possible to cause frictional force
between the remainder of the fixing region and the inner
fiber layer to counteract the external force exerted in the
direction in which the fixing region is pulled out. There-
fore, the end portion of the fiber can be fixed even more
securely.
[0019] In the method of manufacturing a tank accord-
ing to the present invention, it is preferable that, in the
winding step, a terminal end handling jig is used to handle
the end portion, and the terminal end handling jig includes
a first portion which is inserted into the inner fiber layer
to thereby widen a space between adjacent fibers and a
second portion which tucks the end portion into the wid-
ened space.
[0020] In the preferred embodiment, since the first por-
tion of the terminal end handling jig temporarily widens
the space between the fibers, it becomes possible to eas-
ily arrange the fixing region in the widened space and
thus possible to effectively use the minute space between
the adjacent fibers. In addition, since the second portion
tucks the fixing region into the space between the adja-
cent fibers which has been widened by the first portion,
the fixing region, being the part of the end portion, can
be easily arranged in the inner fiber layer.
[0021] In order to solve the problems above, a tank
according to the present invention is a tank having a re-
inforcement fiber layer formed by winding a fiber impreg-
nated with resin and then thermally curing the impreg-
nating resin, wherein: the reinforcement fiber layer in-
cludes an end portion, being a winding end, of the fiber
and an inner fiber layer which is wound before the end
portion; and at least a portion of a fixing region that is a
part of the end portion is inserted into between fibers
forming an outermost layer of the inner fiber layer so that
the end portion is fixed to the inner fiber layer.
[0022] In the present invention, at least a portion of the
fixing region that is a part of the end portion is inserted
into between the fibers forming the outermost layer to fix
the end portion to the inner fiber layer. By handling the
end portion as described above, local bulging in the inner
fiber layer into which the end portion is inserted is allevi-
ated. Specifically, the already-wound fiber forming the
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inner fiber layer is configured such that the fibers are
arranged adjacent to each other. The minute space be-
tween the adjacent fibers is used to the maximum extent
to form, in the inner fiber layer, the space into which the
fixing region that is a part of the end portion is inserted.
By forming the space into which the fixing region is in-
serted as described above, the local bulging in the inner
fiber layer is alleviated.
[0023] In the tank according to the present invention,
it is preferable that the portion of the fixing region is in-
serted into between the fibers forming the outermost lay-
er and the remainder of the fixing region is arranged in
the inner fiber layer that is deeper than the outermost
layer.
[0024] In the preferred embodiment, since the portion
of the fixing region is inserted into between the fibers
forming the outermost layer, it is possible to hold the por-
tion of the fixing region while alleviating local bulging in
the outermost layer. In addition, since the remainder of
the fixing region is arranged in the inner fiber layer that
is deeper than the outermost layer, the remainder of the
fixing region can be held more securely. Accordingly, it
is possible to hold the entire fixing region more securely
by the outermost layer and the inner fiber layer that is
deeper than the outermost layer while avoiding bulging
in the outermost layer.
[0025] In the tank according to the present invention,
it is preferable that the remainder of the fixing region is
formed so as to be closer to a distal end of the end portion
with respect to the portion of the fixing region.
[0026] In the preferred embodiment, by forming the re-
mainder of the fixing region so as to be closer to the distal
end of the end portion, the remainder of the fixing region
can be arranged on the deeper side in the inner fiber
layer more easily.
[0027] In the tank according to the present invention,
the fixing region is bent along a direction intersecting a
plane including the outermost layer so that the remainder
of the fixing region is arranged in the inner fiber layer that
is deeper than the outermost layer.
[0028] In the preferred embodiment, since the fixing
region is bent in the direction intersecting the plane in-
cluding the outermost layer so as to be arranged in the
inner fiber layer, it is possible to cause frictional force
between the remainder of the fixing region and the inner
fiber layer to counteract the external force exerted in the
direction in which the fixing region is pulled out. There-
fore, the end portion of the fiber can be fixed even more
securely.

Effect of the Invention

[0029] The present invention provides a method of
manufacturing a tank capable of enhancing the smooth-
ness of a surface of a finished tank and improving oper-
ability, as well as a tank with its surface smoothness being
highly ensured.

Brief Description of the Drawings

[0030]

Fig. 1 is a diagram showing a fuel cell vehicle in-
stalled with a tank according to an embodiment.

Fig. 2 is a diagram showing the outline of a manu-
facturing facility for a high-pressure tank according
to an embodiment, in which a part of the high-pres-
sure tank is shown in the cross-section.

Fig. 3 shows side views of a liner for showing how a
fiber is wound - Fig. 3(A) shows hoop winding and
Fig. 3(B) shows helical winding.

Fig. 4 is an enlarged side view showing how a ter-
minal end of a fiber is handled at the end of a winding
step, in which the high-pressure tank is shown with
several windings of a fiber left unwound.

Fig. 5 shows diagrams showing how the terminal end
of the fiber is handled at the end of the winding step
- Fig. 5(A) is an enlarged view showing a state in
which a jig is set, as viewed from a direction B in Fig.
4 and Fig. 5(B) shows a state in which the terminal
end of the fiber has been handled using the jig.

Fig. 6 is a diagram explaining a mechanism for han-
dling the terminal end of the fiber using the jig.

Fig. 7 is a diagram explaining a terminal end handling
method using a jig in the related art.

Best Mode for Carrying out the Invention

[0031] Embodiments of the present invention will be
described below with reference to the attached drawings.
In order to facilitate the understanding of explanation, the
same component is denoted by, wherever possible, the
same reference numeral in the drawings and redundant
descriptions thereof will be omitted. It should be noted
that the present embodiment will describe, as an example
of tanks, a high-pressure tank capable of storing content
at a higher pressure than the normal pressure.
[0032] Fig. 1 is a diagram showing a fuel cell vehicle
installed with high-pressure tanks according to the
present embodiment. As shown in Fig. 1, a fuel cell ve-
hicle 100 is installed with, for example, three high-pres-
sure tanks 1 in a rear portion of a vehicle body. Each
high-pressure tank 1 constitutes a part of a fuel cell sys-
tem 101 and supplies a fuel gas to a fuel cell 104 via a
gas supply line 102. The fuel gas stored in the high-pres-
sure tank 1 is a combustible high-pressure gas which is,
for example, compressed natural gas of 20MPa, or hy-
drogen gas of 35MPa or 70MPa. It should be noted that
the high-pressure tank 1 may be applied not only to fuel
cell vehicles but also to various types of movable bodies
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(e.g., ships, airplanes and robots) and stationary objects.
[0033] Fig. 2 is a diagram showing the outline of a man-
ufacturing facility for the high-pressure tank 1, in which
a part of the high-pressure tank 1 is shown in the cross-
section. As shown in Fig. 2, the high-pressure tank 1
includes a liner 3 which is formed to be a hollow shape
so that a storage space 2 is defined therein and a rein-
forcement fiber layer 4 which covers an outer surface of
the liner 3. The fuel gas is supplied and/or discharged
between the storage space 2 and the gas supply line 102
via an opening (not shown) formed on one end or formed
at the center of both ends in the axial direction of the
high-pressure tank 1.
[0034] The liner 3 is a portion corresponding to an inner
shell or an inner container of the high-pressure tank 1.
The liner 3 has a gas barrier property which suppresses
permeation of the stored gas to the outside. The material
of the liner 3 is not particularly limited, examples of which
may include metals, polyethylene resins, polypropylene
resins and other types of hard resins.
[0035] The reinforcement fiber layer 4 is a portion cor-
responding to an outer shell or outer container of the
high-pressure tank 1 and plays a role for reinforcing the
high-pressure tank 1. The reinforcement fiber layer 4 is
formed by winding a fiber 12 impregnated with a matrix
resin 11 (hereinafter simply referred to as the "resin 11 ")
around an outer surface of the liner 3 and then curing the
resin.
[0036] The resin 11 is, for example, an epoxy resin, a
modified epoxy resin, an unsaturated polyester resin. In
this embodiment, a thermosetting epoxy resin is used.
The fiber 12 is, for example, metallic fiber, glass fiber,
carbon fiber, alumina fiber, aramid fiber and natural or-
ganic fiber. Of these fibers, the carbon fiber and aramid
fiber are particularly preferable and the carbon fiber is
used in this embodiment. Accordingly, the reinforcement
fiber layer 4 in the present embodiment is a CFRP in
which the epoxy resin 11 is reinforced by the carbon fiber
12.
[0037] The fiber 12 is fed from a bobbin 14, subjected
to tension adjustment by a tension adjuster 15, and then
dipped in a resin bath 16 where the fiber 12 is impreg-
nated with liquid resin 11. The fiber 12 impregnated with
the resin 11 is wound around the liner 3 at a predeter-
mined tension. This winding is performed by attaching
the liner 3 onto a shaft 17, rotating the liner 3 about the
axis together with the shaft 17 and supplying the fiber 12
from a supply unit 18 to the liner 3 that is being rotated.
In another embodiment, the fiber 12 supplied from the
supply unit 18 to the liner 3 may be a prepreg. In addition,
in the present embodiment, a terminal end handling jig
20 is provided for handling a terminal end of the fiber 12.
Examples of the winding method may include a filament
winding method and a tape winding method. In the
present embodiment, the filament winding method (FW
method) is used to wind the fiber 12 around the liner 3
by hoop winding and helical winding.
[0038] Examples of winding methods may include a

filament winding method and a tape winding method. In
the present embodiment, the filament winding method
(FW method) is used to wind the fiber 12 around the liner
3 by hoop winding and helical winding.
[0039] Fig. 3 shows side views of the liner 3 for showing
how the fiber 12 is wound - Fig. 3(A) shows hoop winding
and Fig. 3(B) shows helical winding. In the present em-
bodiment, the fiber 12 is constituted as bundles of fibers.
[0040] As shown in Fig. 3(A), the hoop winding refers
to a way in which the fiber 12 is wound circumferentially
around a barrel 3a of the liner 3. This hoop winding is
performed by, for example, reciprocating the supply unit
18 in the axial direction of the liner 3 and supplying the
fiber 12 from the supply unit 18 while rotating the liner 3.
A hoop layer formed by the hoop winding ensures the
strength of the barrel 3a in the circumferential direction
thereof.
[0041] As shown in Fig. 3(B), the helical winding refers
to a way in which the fiber 12 is helically wound around
the barrel 3a of the liner 3 and domes 3b and 3b. This
helical winding is performed by, for example, reciprocat-
ing the supply unit 18 in the axial direction and radial
direction of the liner 3 and supplying the fiber 12 from the
supply unit 18 while rotating the liner 3. A helical layer
formed by the helical winding ensures the strength of the
high-pressure tank 1 in the longitudinal direction thereof.
[0042] The reinforcement fiber layer 4 is formed by per-
forming such hoop winding and helical winding more than
once and actually constituted by a plurality of layers. The
number of layers may be arbitrarily set, which may be,
for example, 10 or 30. The order of hoop winding and
helical winding may be arbitrarily set and may be de-
signed and changed as appropriate. In the following de-
scription, the phrase: "winding the fiber 12" refers to wind-
ing the fiber 12 by any of the hoop winding, helical winding
or other winding methods, unless otherwise dictated.
[0043] Next, a manufacturing method of the high-pres-
sure tank 1, in particular, a process for forming the rein-
forcement fiber layer 4 will be described. This process
includes: a winding step of winding the fiber 12 impreg-
nated with the resin 11 around the liner 3 by a predeter-
mined number of windings using the FW method; and a
curing step of thermally curing the impregnating resin 11
in the wound fiber 12. In the winding step, the fiber 12 is
wound, by a predetermine number of windings, around
the outer periphery of the liner 3 that is being rotated
about the axis until it reaches a predetermined thickness.
It should be noted that the phrase "winding by a prede-
termined number of windings" in the winding step in-
cludes winding the fiber 12 in an amount needed for form-
ing the entire reinforcement fiber layer 4.
[0044] Next, a terminal end handling method for the
fiber 12 in the present embodiment will be described be-
low with reference to Figs. 4 and 5. Fig. 4 is an enlarged
side view showing how the terminal end of the fiber is
handled at the end of the winding step, in which the high-
pressure tank is shown with several windings of the fiber
left unwound. Fig. 5 shows diagrams showing how the
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terminal end of the fiber is handled at the end of the wind-
ing step - Fig. 5(A) is an enlarged view showing a state
in which a jig is set, as viewed from a direction B in Fig.
4 and Fig. 5(B) shows a state in which the terminal end
of the fiber has been handled using the jig
[0045] The terminal end handling jig 20 is used to han-
dle an end portion, being a winding end, of the fiber 12
when the fiber 12 is wound around the liner 3, i.e., to
handle a fixing region 12a. As shown in Fig. 5(A), the
fiber 12 is cut at a cut line CL with the fixing region 12a,
being the winding end, left uncut. This fixing region 12a
is handled using the terminal end handling jig 20
[0046] The method of handling the fixing region 12a
using the terminal end handling jig 20 will be described
below in detail. An inner fiber layer 42 is formed on the
inner side of an outer fiber layer 40 including the fixing
region 12a. The inner fiber layer 42 is formed by several
layers of fiber 12. The inner fiber layer 42 is formed from
a plurality of fibers 12 arranged side by side so as to be
arranged along one another.
[0047] The terminal end handling jig 20 tucks the fixing
region 12a, being the winding end, of the fiber 12 along
an extending direction of fibers 12b which form the out-
ermost layer of the already-wound fiber 12 forming the
inner fiber layer 42. Since the fixing region 12a is formed
by a plurality of intertwining individual fibers, at least a
part of such individual fibers 121 is tucked into the inner
fiber layer 42. As a result, at least a part of the individual
fibers in the terminal end region 12a is arranged on the
inner side of the fibers 12b in a state in which the extend-
ing direction of the terminal end region 12a and the ex-
tending direction of the fibers 12b forming the outermost
layer coincide with each other. It should be noted that,
although Fig. 5(B) illustrates a state in which three indi-
vidual fibers 121 are tucked into the inner fiber layer 42,
it may also be preferable that all the fibers constituting
the terminal end region 12a are tucked into the inner fiber
layer 42.
[0048] By handling the terminal end as described
above, at least a portion of the fixing region 12a is inserted
into between the fibers 12b forming the outermost layer
of the inner fiber layer 42. In the present embodiment, a
remainder 121 a at a distal end of the fixing region 12a
(individual fibers 121) enters into the deeper side of the
fibers 12b forming the outermost layer of the inner fiber
layer 42, and a portion 121 b on the already-wound fiber
12 side with respect to the remainder 121 a of the fixing
region 12a (individual fibers 121) is inserted into between
the fibers 12b forming the outermost layer of the inner
fiber layer 42.
[0049] As shown in Fig. 5(B), the fixing region 12a is
bent along a direction intersecting a plane including the
outermost layer (the layer formed by the fibers 12b) of
the inner fiber layer 42 so as to extend into the inner fiber
layer 42. The manner of bending the fixing region 12a is
not limited to the above and it is preferable to bend the
fixing region 12a so as to form an angle of approximately
90 degrees and to extend vertically toward the axial cent-

er of the tank.
[0050] Next, how the fixing region 12a is tucked along
and into between the fibers 12b forming the outermost
layer will be described below with reference to Figs. 6(A)
to 6(F). Figs. 6(A) to 6(F) are schematic diagrams show-
ing states as viewed from a direction in which the extend-
ing direction of the fiber 12 extends across the plane of
paper. Fig. 6(A) shows a state in which the fixing region
12a of the fiber 12 is located on the outer side of the fibers
12b forming the outermost layer. In the state shown in
Fig. 6(A), the terminal end handling jig 20 is inserted.
[0051] Specifically, as shown in Fig. 6(B), the terminal
end handling jig 20 is inserted into the fibers 12b from
the fixing region 12a side. The terminal end handling jig
20 includes a first portion 201 and a second portion 202.
[0052] The first portion 201 has a shape with a pointed
tip end. The first portion 201 is inserted into the fibers
12b forming the outermost layer of the inner fiber layer
42 to thereby widen the space between adjacent fibers
12b. The second portion 202 constitutes a portion closer
to the proximal end of the terminal end handling jig 20
with respect to the first portion 201, the second portion
202 having a shape with a hook-like projection. The sec-
ond portion 202 tucks the fixing region 12a into the space
widened by the first portion 201.
[0053] As shown in Fig. 6(C), when the terminal end
handling jig 20 is being inserted, the second portion 202
of the terminal end handling jig 20 hooks some individual
fibers constituting the fixing region 12a and pulls them in
the travelling direction of the terminal end handling jig
20. In addition, as the tucking of the terminal end handling
jig 20 proceeds, as shown in Fig. 6(D), a portion of the
fixed region 12a, being the portion hooked by the second
portion 202, enters into between the fibers 12b.
[0054] As shown in Fig. 6(E), when the terminal end
handling jig 20 is pulled out, the fixing region 12a which
has entered into between the fibers 12b is left therein.
This can be achieved because the second portion 202
is configured such that it can hook the fixing region 12a
only when it moves in a direction in which the first portion
201 of the terminal end handling jig 20 is inserted. Ac-
cordingly, the shape of the second portion 202 is not lim-
ited to the shape shown in Figs. 6(A) to 6(F).
[0055] As shown in Fig. 6(F), when the terminal end
handling jig 20 is pulled out completely, the space be-
tween the fibers 12b arranged side by side is narrowed
so as to hold the fixing region 12a, which has been tucked
therein, unable to be pulled out.
[0056] Next, a related art jig 30 and a terminal end han-
dling method using the same will be described below with
reference to Figs. 7(A) to 7(C). As shown in Fig. 7(A),
the jig 30 includes a ring 32 and an operation part 34.
The ring 32 and the operation part 34 are integrally
formed and the operation part 34 is coupled to a part of
the ring 32 and extends linearly. The operation part 34
is configured such that a portion thereof on the other side
of the ring 32 is operated by an operator, an operation
robot, etc. By operating the operation part 34, the position
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of the ring 32 can be moved along with the operation part
34 with respect to the high-pressure tank 1.
[0057] The ring 32 is configured such that the fiber 12,
being a bundle of fibers, can be inserted therethrough
and such that an inner periphery of the ring 32 can be
engaged with the fiber 12. In this example, a notch 36 is
formed in a part of the ring 32, although the ring 32 may
alternatively be formed as a continuous ring as a whole.
[0058] At the end of the winding step, the jig 30 is set
horizontally with respect to an outer surface (winding sur-
face) of the already-wound fiber 12, as shown in Fig.
7(A). At this time, the operation part 34 of the jig 30 is
placed so as to span an outer fiber layer 40, which will
serve as a superficial layer of the reinforcement fiber layer
4 after being cured, and the inner fiber layer 42 around
which the remaining fiber 12 is to be wound to form some
more windings.
[0059] Next, as shown in Fig. 7(B), the remaining fiber
12 (impregnated with resin 11) to form some more wind-
ings is wound around the inner fiber layer 42 from above
a portion 34a of the operation part 34. Then, the fiber 12
is guided from the notch 36 into the ring 32 to pass there-
through and then cut away. This cutting forms a terminal
end region 12a of the fiber 12 at a position after passing
through the ring 32. Then, an operation is performed such
that the proximal end portion of the terminal end region
12a is hooked by the inner periphery of the ring 32 and
a portion 34b of the operation part 34 on the outer fiber
layer 40 is pulled in a direction indicated by an arrow 60.
[0060] This operation causes the terminal end region
12a so as to be pulled inside the already-wound fiber 12
as shown in Fig. 7(C). More specifically, the terminal end
region 12a is pulled into at least a part of fiber windings
12c which correspond to some windings of fiber which
was subjected to windings in Fig. 7(B). As a result, the
terminal end region 12a is covered with the fiber windings
12c. By continuously operating the operation part 34, the
ring 32 is automatically removed from the terminal end
region 12a and pulled out of the fiber windings 12c and
the entire jig 30 is finally removed out of the pressure
tank 1.
[0061] As described above, the tank manufacturing
method according to the present embodiment is a meth-
od of manufacturing a tank having a reinforcement fiber
layer, the method including a winding step of winding the
fiber 12 impregnated with resin by a predetermined
number of windings and a curing step of thermally curing
the impregnating resin 11 in the wound fiber 12 to thereby
form a reinforcement fiber layer. In the winding step, the
fixing region 12a including an end portion, being the wind-
ing end, of the fiber 12 is tucked into the already-wound
fibers 12b forming the inner fiber layer 42 along the ex-
tending direction of the fibers 12b so that the fixing region
12a is arranged on the inner side of the fibers 12b in a
state in which the extending direction of the fixing region
12a and the extending direction of the fibers 12b coincide
with each other.
[0062] The inventors thought that, in the related art

tank manufacturing method which has been discussed
with reference to Figs. 7(A) to 7(C), the configuration in
which the terminal end of the fiber was inserted into the
already-wound fiber in such a way as to transverse the
already-wound fiber and the terminal end of the fiber is
held by several windings of the already-wound fiber
caused the irregularities on the surface of a finished tank.
By inserting the terminal end into the already-wound fiber
in such a way as to transverse the already-wound fiber,
the inserted terminal end of the fiber lifts the already-
wound fiber. In other words, the already-wound fiber
bulges rapidly, so as to be astride over the inserted ter-
minal end of the fiber, as compared to the other portion.
[0063] In this embodiment, the fixing region 12a includ-
ing an end portion, being the winding end, of the fiber 12
is tucked into between the already-wound fibers 12b
forming the outermost layer of the inner fiber layer 42 so
as to hold at least a portion of the fixing region 12a by
inserting it into the fibers 12b forming the outermost layer,
to thereby alleviate local bulging in the inner fiber layer
42 into which the fixing region 12a is inserted.
[0064] Specifically, in the outermost layer of the al-
ready-wound, inner fiber layer 42, a plurality of fibers 12b
are arranged adjacent to each other. By tucking the fixing
region 12a into between the fibers 12b, a minor gap be-
tween the adjacent fibers 12b is used to the maximum
extent to form a space for the fixing region 12a to be
inserted into (refer to Figs. 6(A) to 6(F) and the relevant
descriptions). By forming a space for the fixing region
12a to be inserted into, the local bulging in the inner fiber
layer 42 is alleviated.
[0065] In the present embodiment, by tucking the end
portion in the winding step, the portion 121 b of the fixing
region 12a is inserted into between the fibers 12b forming
the outermost layer and the remainder 121 a of the fixing
region 1 a is arranged in the inner fiber layer 42 that is
deeper than the outermost layer.
[0066] Since a portion of the fixing region 12a is insert-
ed into between the fibers 12b forming the outermost
layer as described above, it is possible to hold the portion
of the fixing region 12a while alleviating local bulging in
the outermost layer. In addition, since the remainder 121
a of the fixing region 12a is arranged in the inner fiber
layer 42 that is deeper than the outermost layer, the re-
mainder of the fixing region 12a can be held more se-
curely. Accordingly, the entire fixing region 12a can be
held more securely by the outermost layer and the inner
fiber layer that is deeper than the outermost layer while
avoiding bulging in the outermost layer.
[0067] In the present embodiment, the remainder 121
a of the fixing region 12a is formed so as to be closer to
the distal end of the fixing region 12a with respect to the
portion 121 b of the fixing region 12a.
[0068] By forming the remainder 121a of the fixing re-
gion 12a so as to be closer to the distal end, the remainder
121 a of the fixing region 12a can be arranged on the
deeper side in the inner fiber layer 42 more easily.
[0069] In the present embodiment, the fixing region 12
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is bent along the direction intersecting the plane including
the outermost layer to arrange the remainder 121 a of
the fixing region 12 in the inner fiber layer 42 that is deeper
than the outermost layer.
[0070] Since the fixing region 12a is bent in the direc-
tion intersecting the plane including the outermost layer
and arranged in the inner fiber layer 42, it is possible to
cause frictional force between the remainder 121 a of the
fixing region 12a and the inner fiber layer 42 to counteract
the external force exerted in the direction in which the
fixing region 12a is pulled out. Therefore, the end portion
of the fiber can be fixed even more securely.
[0071] In the winding step, the terminal end handling
jig 20 is used to handle the fixing region 12a. The terminal
end handling jig 20 includes the first portion 201 which
is inserted into the inner fiber layer 42 to thereby widen
the space between adjacent fibers 12b and the second
portion 202 which tucks the fixing region 12a into the
widened space.
[0072] Since the first portion 201 of the terminal end
handling jig 20 temporarily widens the space between
the fibers 12b, it becomes possible to easily arrange the
fixing region 12a in the widened space and thus possible
to effectively use the minute space between the adjacent
fibers 12b. In addition, since the second portion 202 tucks
the fixing region 12a into the space between the adjacent
fibers 12b which has been widened by the first portion
201, the fixing region 12a can be easily arranged on the
inner side with respect to the fibers 12b.
[0073] The high-pressure tank 1 manufactured by the
manufacturing method described in the present embod-
iment has a reinforcement fiber layer which is formed by
winding the fiber 12 impregnated with the resin 11 and
then thermally curing the resin 11, the reinforcement fiber
layer including the fixing region 12a including an end por-
tion, being the winding end, of the fiber 12 and the fiber
12b which has been wound prior to the fixing region 12a
to form the inner fiber layer 42.
[0074] In such high-pressure tank 1, at least a portion
of the fixing region 12a that is a part of the end portion
is inserted into between the fibers 12b forming the out-
ermost layer to thereby fix the end portion in the inner
fiber layer 42. By handling the end portion as described
above, local bulging in the inner fiber layer 42 into which
the end portion is inserted is alleviated. Specifically, the
already-wound fibers 12b forming the inner fiber layer 42
are configured such that the fibers 12b are arranged ad-
jacent to each other. The minute space between the ad-
jacent fibers 12b is used to the maximum extent to form,
in the inner fiber layer 42, the space into which the fixing
region 12a that is a part of the end portion is inserted. By
forming the space into which the fixing region 12a is in-
serted, local bulging in the inner fiber layer 42 is allevi-
ated.

Description of Reference Numerals

[0075]

1: high-pressure tank
2: storage space
3: liner
3a: barrel
3b: dome
4: reinforcement fiber layer
11: resin
12: fiber
12a: fixing region
12b: fiber
12c: fiber windings
14: bobbin
15: tension adjuster
16: resin bath
17: shaft
18: supply unit
20: terminal end handling jig
30: jig
32: ring
34: operation part
34a: portion
34b: portion
40: outer fiber layer
42: inner fiber layer
60: arrow
100: fuel cell vehicle
101: fuel cell system
102: gas supply line
104: fuel cell
121: individual fiber
201: first portion
202: second portion

Claims

1. A method of manufacturing a tank having a reinforce-
ment fiber layer, the method comprising:

a winding step of winding a fiber impregnated
with resin by a predetermined number of wind-
ings; and
a curing step of thermally curing the impregnat-
ing resin in the wound fiber to thereby form the
reinforcement fiber layer,
wherein, in the winding step, an end portion, be-
ing a winding end, of the fiber is tucked into an
inner fiber layer which has already been wound
to thereby insert at least a portion of a fixing re-
gion that is a part of the end portion into between
fibers forming the outermost layer so that the
end portion is fixed to the inner fiber layer.

2. The method according to claim 1, wherein, in the
winding step, the portion of the fixing region is insert-
ed into between the fibers forming the outermost lay-
er by the tucking of the end portion, and a remainder
of the fixing region is arranged in the inner fiber layer
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that is deeper than the outermost layer.

3. The method according to claim 2, wherein the re-
mainder of the fixing region is formed so as to be
closer to a distal end of the end portion with respect
to the portion of the fixing region.

4. The method according to claim 3, wherein the fixing
region is bent along a direction intersecting a plane
including the outermost layer so that the remainder
of the fixing region is arranged in the inner fiber layer
that is deeper than the outermost layer.

5. The method according to claim 1, wherein:

in the winding step, a terminal end handling jig
is used to handle the end portion; and
the terminal end handling jig includes a first por-
tion which is inserted into the inner fiber layer to
thereby widen a space between adjacent fibers
and a second portion which tucks the end portion
into the widened space.

6. A tank having a reinforcement fiber layer formed by
winding a fiber impregnated with resin and then ther-
mally curing the impregnating resin, wherein:

the reinforcement fiber layer includes an end
portion, being a winding end, of the fiber and an
inner fiber layer which has been wound prior to
the end portion; and
at least a portion of a fixing region that is a part
of the end portion is inserted into between fibers
forming an outermost layer of the inner fiber lay-
er to thereby fix the end portion to the inner fiber
layer.

7. The tank according to claim 6, wherein the portion
of the fixing region is inserted into between the fibers
forming the outermost layer and a remainder of the
fixing region is arranged in the inner fiber layer that
is deeper than the outermost layer.

8. The tank according to claim 7, wherein the remainder
of the fixing region is formed so as to be closer to a
distal end of the end portion with respect to the por-
tion of the fixing region.

9. The tank according to claim 8, wherein the fixing re-
gion is bent along a direction intersecting a plane
including the outermost layer so that the remainder
of the fixing region is arranged in the inner fiber layer
that is deeper than the outermost layer.
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