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(54) HYDRAULIC ACCUMULATOR

(57) A hydraulic accumulator includes a shell (2), a
bellows (5), and a self-seal stay (8) disposed at t a hy-
draulic-fluid inlet (6) and including a cylindrical body por-
tion (8a) and a lid-shaped head portion (8b) defining a
through hole (81). The self-seal stay (8) includes a first
weakened portion (9) for deforming the body portion (8a)
when a pressure of the gas chamber (G) is more than a
given threshold. The first weakened portion (9) includes
a first recessed portion (91) formed in a circumferential

direction of the body portion (8a). The first recessed por-
tion (91) includes a bottom surface (91b) of a plane sur-
face or a circular arc shaped curved surface which is
convex toward outside of the body portion from inside
thereof. At least one of both end portions (91c) of the
bottom surface (91b) in the circumferential direction is
joined with an outer circumferential surface of the body
portion (8a).
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Description

BACKGROUND OF THE INVENTION

[0001] The invention relates to a hydraulic accumula-
tor, and particularly relates to a hydraulic accumulator
including a self-seal stay with a weakened portion.
[0002] An automobile’s brake circuit or the like has a
hydraulic circuit, which employs a hydraulic accumulator
for temporarily storing fluid increased in pressure. The
hydraulic accumulator includes a gas chamber in which
a gas of a high pressure is sealed, and a fluid chamber
in which a hydraulic fluid (hydraulic oil) is introduced. The
gas chamber and the fluid chamber are arranged oppo-
site to each other relative to an expandable and con-
tractable bellows. Expanding and contracting of the bel-
lows makes the pressure of the gas chamber and the
pressure of the fluid chamber balance with each other,
which prevents pulsation of the hydraulic circuit to regu-
late it to an appropriate hydraulic pressure.
[0003] In a conventional hydraulic accumulator, for ex-
ample, if an automobile is subjected to a fire or the like
and placed under a high temperature or high pressure
circumstance for a long time, the inner pressure of the
gas chamber in the hydraulic accumulator can exces-
sively increase. For this reason, the hydraulic accumu-
lator includes a relief means which releases the inner
pressure of the gas chamber when it is placed under such
an abnormal situation. Refer to patent document 1: Pat-
ent Application Publication Laid-open No. 2003-172301
and patent document 2: Patent Application Publication
Laid-open No. 2012-237415.
[0004] The patent document 1 describes a hydraulic
accumulator provided with a weakened portion which
serves as a relief means for releasing inner pressure of
the gas chamber and is formed by reducing a thickness
of the sidewall of the stay disposed in the fluid chamber
(refer to paragraph [0017] and FIG. 1). In the hydraulic
chamber, when the inner pressure of the gas chamber
excessively increases, the excessively increased inner
pressure of the gas chamber causes the bellows to be
pressed and the inner pressure of the fluid chamber to
be increased, thereby breaking the weakened portion.
[0005] Then, breaking the weakened portion makes
hydraulic fluid of a high pressure discharged from the
fluid chamber to decrease the pressure in the fluid cham-
ber. The excessively increased inner pressure of the gas
chamber causes the bellows to be intentionally broken
to release the inner pressure of the gas chamber from
the communication hole formed in the head portion of
the stay.
[0006] The patent document 2 describes a hydraulic
accumulator formed with a shapedly weakened portion,
which serves as a relief means for releasing then inner
pressure of the gas chamber and is simultaneously
formed during press forming of the metal-made stay. This
shapedly weakened portion causes the metal-made stay
to be buckled to further securely release liquid and gas

in the shell (refer to claims 1 and 2, paragraph [0009],
and FIGS. 2 to 8).
[0007] In the hydraulic accumulator described in the
patent document 1, however, when the weakened portion
is broken to release the inner pressure of the gas cham-
ber, breaking suddenly occurs. This causes explosive
sound at the breaking, resulting in sense of anxiety. When
the weakened portion is broken, the inner pressure is
released excessively instantaneously. This makes it dif-
ficult to regulate a relief pressure for releasing pressure
in the gas chamber. If the hydraulic accumulator tries to
be downsized, the stay of a low height enhances its ri-
gidity, which makes it difficult to break the stay.
[0008] In the hydraulic accumulator described in the
patent document 2, if formation accuracy and thickness
accuracy try to be strictly ensured, the number of steps
for working a mold and the number of adjustments in-
crease, while it is difficult to regulate relief pressure for
releasing the pressure in the gas chamber.
[0009] The first object of the invention is to reduce the
number of steps for fabricating a hydraulic accumulator
with a simple construction.
[0010] The second object of the invention is to facilitate
regulating a relief pressure for releasing pressure in a
gas chamber.
[0011] The third object of the invention is to release a
high pressure gas in a gas chamber at a proper timing.
[0012] The fourth object of the invention is to properly
control a relief pressure of the high-pressure gas.

SUMMARY OF THE INVENTION

[0013] An aspect of the invention provides a hydraulic
accumulator. The hydraulic accumulator includes a shell
including an internal portion defining a gas chamber and
a fluid chamber; a bellows expandably and contractably
housed in the shell and partitioning the internal portion
into the gas chamber and the fluid chamber; a port portion
disposed on the shell and defining a hydraulic-fluid inlet
open to the fluid chamber; and a self-seal stay disposed
at the port portion and including a cylindrical body portion
and a lid-shaped head portion defining a through hole.
The head portion is one with which an end portion of the
bellows comes into contact. The self-seal stay includes
a first weakened portion for deforming the body portion
to incline the head portion relative to the end portion of
the bellows when a pressure of the gas chamber is more
than a given threshold. The first weakened portion in-
cluding a first recessed portion formed in a circumferen-
tial direction of the body portion. The first recessed por-
tion includes a bottom surface of a plane surface or a
circular arc shaped curved surface which is convex to-
ward outside of the body portion from inside thereof. At
least one of both end portions of the bottom surface in
the circumferential direction is joined with an outer cir-
cumferential surface of the body portion.
[0014] In the hydraulic accumulator, the first weakened
portion includes the first recessed portion formed in the
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circumferential direction of the body portion, which
makes productivity excellent and management of dimen-
sional accuracy easier. This is capable of preferably set-
ting a relief pressure for releasing pressure in the gas
chamber.
[0015] The hydraulic accumulator includes the first
weakened portion of the first recessed portion, which
makes it easy for buckling to occur on the body portion
of the self-seal stay in a range of forming the first recessed
portion. Therefore, when the pressure and the tempera-
ture of a high-pressure gas in the gas chamber exces-
sively increase, this securely induces buckling, which
makes the high-pressure gas in the gas chamber secure-
ly released at a proper timing. Especially, downsizing of
the hydraulic accumulator makes height of the self-seal
stay smaller, which makes it difficult for the self-seal stay
to buckle. This is preferable for downsizing the hydraulic
accumulator.
[0016] That is, if the pressure or temperature of the
gas chamber is more than a given threshold, the pressure
of the gas chamber for pressing against the head portion
induces buckling on the body of the self-seal stay, and
the body portion is deformed such that the head portion
inclines to the end portion of the bellows. Therefore, the
through hole formed in the head portion of the self-seal
stay comes in contact with the end portion of the bellows
to be opened from a closed state, thereby enabling the
high-pressure gas in the gas chamber to be released
through the through hole.
[0017] In the hydraulic accumulator, the bottom sur-
face is formed of a plane surface or a circular arc shaped
curved surface, and at least one of both the end portions
of the bottom surface in the circumferential direction is
joined with the outer circumferential surface of the body
portion, so that a thickness of body portion at the bottom
surface of the first recessed portion increases from the
central portion of the bottom surface of the first recessed
portion to said at least one of both the end portions.
Therefore, an initial buckling occurs on the central portion
of the recessed portion in the circumferential direction of
the body portion, and this initial buckling triggers buckling
which develops to the at least one of both the end portions
of the first recessed portion.
[0018] The degree of buckling indicates the property
that the axial flexure of the body portion is larger at the
central portion of the first recessed portion and smaller
at the at least one of both the end portions of the first
recessed portion.
[0019] That is, since buckling at the central portion of
the first recessed portion is induced at a proper timing,
the buckling develops over the whole first recessed por-
tion so as to extend in the circumferential direction. For
this, a given necessary time difference from occurrence
of the buckling to completion of it is set. Therefore, the
high-pressure gas in the gas chamber is gently released
from the through hole formed in the head portion of the
self-seal stay with taking a given necessary time.
[0020] The hydraulic accumulator properly regulates a

release pressure of the high-pressure gas. This regula-
tion avoids explosive release in which a high-pressure
gas is suddenly and instantaneously discharged, thereby
effectively preventing explosive noise and shock from
occurring at releasing of the high-pressure gas.
[0021] In this way, the hydraulic accumulator reduces
the number of steps for fabrication with a simple con-
struction. Also, the hydraulic accumulator facilitates reg-
ulating a relief pressure for releasing the pressure in the
gas chamber. The hydraulic accumulator releases the
high-pressure gas in the gas chamber at a proper timing.
In addition, the hydraulic accumulator properly regulates
the relief pressure of the high-pressure gas, and thereby
effectively prevents noise or the like from occurring at
releasing of the high-pressure gas.
[0022] The first recessed portion may have in the cir-
cumferential direction a length of a groove which is ap-
proximately half of a circumferential length of the body
portion.
[0023] The length of the groove of the first recessed
portion having approximately half of a circumferential
length of the body portion makes an axial support rigidity
appropriately set, thereby facilitating occurrence of buck-
ling at a proper timing.
[0024] The first weakened portion may include a sec-
ond weakened portion extending from the first recessed
portion in an axial direction of the body portion.
[0025] Providing the first weakened portion with the
second weakened portion makes an axial support rigidity
of the first recessed portion further appropriately set,
which facilitates occurrence of buckling at a proper tim-
ing.
[0026] The above hydraulic accumulator reduces the
number of steps for fabrication with the simple construc-
tion. Also, the hydraulic accumulator facilitates regulating
a relief pressure for releasing the pressure in the gas
chamber. The hydraulic accumulator releases the high-
pressure gas in the gas chamber at a proper timing. In
addition, the hydraulic accumulator properly regulates
the relief pressure of the high-pressure gas, and thereby
effectively prevents noise and shock from occurring at
releasing of the high-pressure gas.

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DRAWINGS

[0027]

FIG. 1 is an elevational section view illustrating a
hydraulic accumulator according to an embodiment
of the invention;
FIG. 2 is an elevational section view which illustrates
a motion, during a normal operation, of the hydraulic
accumulator illustrated in FIG. 1 and a state where
hydraulic pressure of a hydraulic circuit decreases
and a hydraulic-fluid inlet is closed;
FIGS. 3A to 3C illustrate a self-seal stay as illustrated
in FIG.1, FIG. 3A is a plane section view taken along
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IIIA - IIIA of FIG. 3A, FIG. 3B is an elevational section
view taken along IIIB - IIIB of FIG. 3C, and FIG. 3C
is a perspective view;
FIGS. 4A and 4B are views illustrating a first modi-
fication of the self-seal stay as illustrated in FIG. 1,
FIG. 4A is a perspective view, and FIG. 4B is a plane
section view taken along IVB - IVB of FIG. 4A,
FIGS. 5A to 5C are views illustrating an example 1
of a second modification of the self-seal stay as il-
lustrated in FIG. 1, FIG. 5A is an elevational view,
FIG. 5B is a section view taken along VB - VB of FIG.
5A, and FIG. 5C is a perspective view;
FIGS. 6A to 6C are views illustrating an example 2
of the second modification of the self-seal stay illus-
trated in FIG. 1, FIG. 6A is an elevational view, FIG.
6B is a section view taken along VIB -VIB of FIG.
6A, and FIG. 6C is a perspective view;
FIG. 7 is an elevational view which illustrates a mo-
tion, during an abnormal operation, of the hydraulic
accumulator illustrated in FIG. 1 and an initial stage
in which it is placed under a fire or the like, and pres-
sure and temperature in a gas chamber increase so
that a hydraulic-fluid inlet is closed;
FIG. 8 is an elevational section view which illustrates
a motion, during an abnormal operation, of the hy-
draulic accumulator illustrated in FIG. 1 and a state
in which temperature and gas pressure in the gas
chamber further increase to a given threshold so that
the self-seal stay is buckled;
FIG. 9 is an elevational section view which illustrates
a motion, during an abnormal operation, of the hy-
draulic accumulator illustrated in FIG. 1 and a state
in which the pressure of a second hydraulic chamber
decreases so that a bellows is broken;
FIG. 10 is an elevational section view which illus-
trates a condition, during an abnormal operation, of
the hydraulic accumulator illustrated in FIG. 1, in
which a high-pressure gas in the gas chamber is
released;
FIGS. 11A to 11C are perspective views illustrating
third modifications of the self-seal stay illustrated in
FIG. 1, FIG. 11A is an example of a self-seal stay
with a longer axial length, FIG. 11B is an example
of a self-seal stay with an auxiliary weakened portion
of FIG. 11A positioned close to a head portion, and
FIG. 11C is an example of a self-seal stay with the
auxiliary weakened portion of FIG. 11A positioned
close to a bottom portion; and
FIG. 12 is an elevational section view illustrating a
hydraulic accumulator according to a fourth modifi-
cation of the hydraulic accumulator illustrated in FIG.
1.

DESCRIPTION OF THE EMBODIMENTS

[0028] The detailed description will be given of a con-
struction of a hydraulic accumulator 1 according to an
embodiment of the invention, referring to FIGS. 1 to 5C

as necessary.
[0029] The hydraulic accumulator, as illustrated in FIG.
1, includes a shell 2 of a pressure container, a gas cham-
ber 3 and a fluid chamber 4 formed inside the shell 2, the
gas chamber 3 having a high-pressure gas G sealed
therein, the fluid chamber 4 having hydraulic fluid Q in-
troduced from a hydraulic circuit such as a brake circuit
not illustrated, a bellows 5 expandably and contractably
housed in the shell 2, a port portion 6 of the shell 2 formed
with a hydraulic-fluid inlet 61 open to the fluid chamber
4, and a self-seal stay 8 disposed in the fluid chamber 4
and covering the port portion 6.
[0030] The bellows 5 is a partition member which
serves as a boundary between the gas chamber 3 and
the fluid chamber 4. The bellows 5 includes an expan-
sion-contraction portion 50 formed as bellows, an end
portion 51 fixed to the end of the expansion-contraction
portion 50, bellows guides 52 formed in a piece shape
and supporting slidably the expansion-contraction por-
tion 50, and a seal member 53 disposed on the end por-
tion 51 (underside on FIG. 1).
[0031] The self-self stay 8 is formed in a cap shape of
a lower height and includes a cylindrical body portion 8a
and a lid-shaped head portion 8b. The self-seal stay 8
includes a through hole 81 formed at the central portion
of the head portion 8b, and a weakened portion 9 formed
on the body portion 8a.
[0032] The self-seal stay 8 has a function of limiting an
expansion volume of the gas chamber 3 and supporting
the bellows 5 so as not to be excessively compressed.
[0033] In such a constructed hydraulic accumulator 1,
when the bellows 5 contracts, the seal member 53 closes
the through hole 81 of the self-seal stay 8. In the self-
seal stay 8 with the weakened portion 9, when the pres-
sure in the gas chamber 3 is more than a given threshold,
the pressure in the gas chamber 3 causes the body por-
tion 8a to be deformed and collapsed such that the head
portion 8b inclines to the end portion 51 of the bellows 5
[0034] In the below explanation, a motion of the hy-
draulic accumulator 1 in a range of an expected motion
is referred to as a "motion during a normal operation"
(FIGS. 1 and 2). In the case that a fire or the like causes
the pressure and the temperature of the gas chamber 3
to excessively increase so that the pressure in the gas
chamber 3 is excessively higher than a given pressure
(a pressure in a range of a presupposed motion) during
a normal operation, this motion state is referred to as an
"motion during an abnormal operation" to be distin-
guished from one during the normal operation for con-
venience of explanation (FIGS. 7 to 10).

<Motion during normal operation>

[0035] In the hydraulic accumulator 1, expanding and
contracting of the bellows 5 makes pressures of the gas
chamber 3 and the fluid chamber 4 balance with each
other, which prevents the pulsation of a hydraulic circuit
(not illustrated) of a brake circuit or the like to regulate it
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to an appropriate hydraulic pressure.
[0036] As illustrated in FIG. 2, when the hydraulic pres-
sure of the hydraulic circuit (not illustrated) decreases to
make the pressure in the fluid chamber 4 relative to the
pressure of the gas chamber 3 lower than a preset given
pressure, the seal member 53 comes into contact with
the head portion 8b of the self-seal stay 8 to close the
through hole 81 formed in the head portion 8b of the self-
seal stay 8, thereby preventing the hydraulic pressure of
the hydraulic circuit (not illustrated) from decreasing.

<Shell>

[0037] The shell 2, as illustrated in FIG. 1, is a pressure
container with a sealed structure. The shell 2 includes a
cylindrical body portion 21 having a bottom portion 21a,
a lid plate 22 welded to the opening end of the body por-
tion 21, and a gas filling inlet 22a disposed in the lid plate
22.
[0038] It is noted that though a part of a member in the
embodiment employs a term which means a vertical re-
lationship such as a "bottom portion 21a" or a "lid plate
22", this term means a positional relationship in the Fig-
ures for convenience of explanation, and is not for the
purpose of specifying a positional relationship in the use
condition.

<Gas chamber>

[0039] The gas chamber 3 is a space enclosed mainly
with the bellows 5, the lid plate 22, and the body portion
21 of the shell 2. The gas chamber 3 is formed on a lid
22 side in the axial direction of the shell 2 (an end portion
side opposite to the port portion 6), and a high-pressure
gas G is filled therein from the gas filling inlet 22a. The
gas chamber 3 includes a first gas chamber 31 formed
above the bellows 5, and a second gas chamber 32
formed on a outer circumferential wall side of the bellows
5 (outside of the circumferential wall, serving as a bound-
ary, of the bellows 5). The first gas chamber 31 and the
second gas chamber 32 communicate with each other
and have equal pressures respectively.

<Fluid Chamber>

[0040] The fluid chamber 4, as illustrated in FIG. 2,
includes, with the through hole 81 of the self-seal stay 8
closed, a first fluid chamber 41 formed on the inside of
the self-seal stay 8 (hydraulic-fluid inlet 61 side), and a
second fluid chamber 42 formed on the outside of the
self-seal stay 8 (inside of the circumferential wall, serving
as a boundary, of the bellows 5).
[0041] The first fluid chamber 41 is a region inside the
self-seal stay 8, which is enclosed mainly by the self-seal
stay 8 and the bottom portion 21a of the shell 2.
[0042] The second fluid chamber 42 is a region inter-
posed mainly between the inner circumferential wall of
the bellows 5 and the outside of the self-seal stay 8.

[0043] As illustrated in FIG. 1, hydraulic fluid Q (hy-
draulic oil) is introduced into the first fluid chamber 41
from the hydraulic circuit (not illustrated) of the brake cir-
cuit or the like through the hydraulic-fluid inlet 61 formed
in the port portion 6. The hydraulic fluid Q flows through
clearances formed on the both sides of a bellows guide
52 of a piece shape to be filled up to the second chamber
42.
[0044] Therefore, during the normal operation, with the
through hole 81 of the self-seal stay 8 not closed, the first
fluid chamber 41 and the second fluid chamber 42 com-
municate with each other via the through hole 81, and
the respective pressures are equal to each other.
[0045] On the other hand, with the through hole 81 of
the self-seal stay 8 closed, as illustrated in FIG. 2 the
seal member 53 prevents the first fluid chamber 41 and
the second fluid chamber 42 from communicating with
each other. Therefore, the first fluid chamber 41 commu-
nicates with the hydraulic circuit not illustrated, while the
second fluid chamber 42 serves as an independent
sealed chamber.
[0046] Therefore, during the normal operation, even if
the pressure of the hydraulic circuit (not illustrated) de-
creases to make the pressure of the first chamber 41
lower than the pressure of the gas chamber 3, the pres-
sure of the second fluid chamber 42 is kept to make the
pressure of the gas chamber 3 and the pressure of the
second fluid chamber 42 balance with each other, there-
by preventing damage of the bellows 5.

<Bellows>

[0047] The expansion-contraction portion 50 of the bel-
lows 5 is an expansion-contraction member which is
formed in a bellows and circular shape and has a hollow
internal portion. The expansion-contraction portion 50 is
a metal member which bears against the internal pres-
sure of the high-pressure gas G. The expansion-contrac-
tion portion 50 includes one end (lower end of FIG. 1)
which is in tight contact with the bottom portion 21a of
the shell 2 and is hermetically fixed on it, and the other
end (upper end of FIG. 1) which is in tight contact with
the end portion 51 and is fixed on it so as to render the
inside hermetic.
[0048] The end portion 51 of the bellows 5 is a disk-
shaped member to seal the opening portion of the head
portion of the bellows 5, and may be constituted by a so-
called bellows cap.
[0049] The bellows 5 operates so as to expand in an
axial direction under a gas pressure in the gas chamber
3 sealed above the bellows 5 and on the outer circum-
ferential wall side of the bellows 5. The bellows 5 operates
so as to contract to the inner circumferential wall side of
the bellows 5 under a hydraulic pressure of the fluid in-
troduced from the hydraulic circuit (not illustrated). There-
by, the bellows 5 expands and contracts to make the gas
pressure and hydraulic pressure balance with each other
to prevent the pulsation of hydraulic circuit (not illustrat-
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ed), thereby regulating the hydraulic fluid to a given hy-
draulic pressure.
[0050] The bellows guides 52 are piece-shaped sliding
members each having an L-shaped section for reducing
friction resistance. The bellows guides 52 are fixed on
the outer circumferential end of the end portion 51 fixed
to the expansion-contraction portion 50. The bellows
guides 52 are equally arranged at two to four positions
on a circle with appropriate clearances, so that the bel-
lows 5 is capable of smoothly expanding and contracting
and the first gas chamber 31 and the second gas cham-
ber 32 communicate with each other.

<Seal Member>

[0051] The seal member 53 employs an elastic mem-
ber such as a rubber for enhancing hermetic ability during
a normal operation. It is noted that though under an ex-
cessive high-temperature and high-pressure state the
seal member 53 is fused or carbonized to lose its seal-
ability, it is not especially limited to it.

<Port Portion>

[0052] The port portion 6 is a portion which is formed
integrally with the bottom portion 21a of the shell 2 and
includes the circumference of the hydraulic-fluid inlet 61.
The port portion 6 includes a body portion 62 connected
to the hydraulic circuit (not illustrated) by a pipe arrange-
ment and a joint not illustrated; and a hydraulic-fluid flow
passage 61a which extends through the body portion 62
and the bottom portion 21a of the shell 2 and communi-
cates with the hydraulic-fluid inlet 61.
[0053] It is noted that though the port portion 6 forming
a port portion of the shell 2 is formed integrally with the
shell 2 in view of stiffness and hermetic ability or the like,
it is not limited to this. For priority of the workability or the
like, a port member (not illustrated) separate from the
shell 2 may be fixed on the shell 2. In the case of the port
member provided as a separate member, a fixation
means such as welding ensures the hermetic ability and
the port member is fixed on the shell 2.

<Self-seal Stay>

[0054] The self-seal stay 8, as illustrated in FIGS. 3A
to 3C, includes a thin weakened portion 9 on the body
portion 8a (first weakened portion). In the self-seal stay
8, when the pressure of the gas chamber 3 is more than
a given threshold, pressure of the gas chamber 3 for
pressing against the head portion 8b and the pressure
of the second fluid chamber 42 for pressing against the
body portion 62 cause the weakened portion 9 of the
body portion 8a to be collapsed under pressure. When
the body portion 8a is collapsed by the weakened portion
9 under pressure, the head portion 8b inclines to the end
portion 51 of the bellows 5. This makes the through-hole
81 formed in the head portion 8b of the self-seal stay 8

opened.

<Weakened Portion>

[0055] The weakened portion 9 includes a groove-
shaped recessed portion 91 of a primary weakened por-
tion formed in a circumferential direction of the body por-
tion 8 a; and an auxiliary weakened portion 92 (second
weakened portion) of a back-facing-hole shape.
[0056] The groove-shaped recessed portion 91 (first
recessed portion) is a belt-shaped groove formed at ap-
proximately the central portion in the vertical direction of
the body portion 8a. The groove has a length δ in the
circumferential direction of the body portion 8a (refer to
FIG. 3A), which is approximately half length of the cir-
cumferential length (whole circumferential length) of the
body portion 8a. This "approximately half length" includes
a half length, and means a length a little longer than the
half and a length a little shorter than the half.
[0057] This construction ensures the groove length δ
up to the approximately half of the circumferential length
of the body portion 8a, and appropriately sets an axial
support rigidity at the central portion of the groove, there-
by facilitating occurrence of buckling at a proper timing.
[0058] The grove-shaped recessed portion 91 includes
paired sidewall portions 91a and 91a facing each other;
and a bottom surface 91b formed between the sidewall
portions 91a and 91a.
[0059] The bottom surface 91b of the recessed portion
91 has a curved surface of a circular arc shape which is
convex from the inside of the body portion 8a to the out-
side thereof. The bottom surface 91b includes both the
circumferential end portions 91c which pass through to
or reach the outer circumferential surface of the body
portion 8a.
[0060] Therefore, both the end portions 91c do not
have any thickness-directional steps at the boundary be-
tween the outer circumferential surface and the bottom
surface 91b of the recessed portion 91, and the bottom
surface 91b is smoothly integrated or joined with the outer
circumferential surface of the body portion 8a. That is,
both the end portions 91c and the outer circumferential
surface of the body portion 8a are continuous with each
other.
[0061] The curved surface of the bottom surface 91b
in the recessed portion 91 is larger in curvature radius
than the outer circumferential surface of the body portion
8a. It is noted that at least one of both the end portions
91c in the circumferential direction of the bottom surface
91b may join with the outer circumferential surface of the
body portion 8a.
[0062] According to the construction, thickness t1 of
the body portion 8a at the central portion of the recessed
portion 91 in the circumferential direction is smaller, each
thickness t2 of both the end portions 91c of the recessed
portion 91 is gradually larger than that of the central por-
tion, and each thickness of the both the end portions 91c
are equal to that of the body portion 8a.
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[0063] The auxiliary weakened portion 92 is a recessed
portion which is formed such that it extends from the re-
cessed portion 91 along the outer circumferential portion
of the body portion 8a in the axial direction so as to over-
lap with the groove-shaped recessed portion 91. To be
specific, the auxiliary weakened portion 92 has a back-
facing-hole shape with a bottom which is formed to the
groove-shaped recessed portion 91 at the central portion
in the circumferential direction and the axial direction. As
illustrated in FIG. 3A, the auxiliary weakened portion 92
of a back-facing-hole shape has a bottom surface having
a central portion of a thickness t1 (refer to FIG. 3B).

<First Modification>

[0064] It is noted that though the present embodiment
the weakened portion 9 is constituted with two configu-
rations of the primary weakened portion and the auxiliary
weakened portion, it is not limited to this. It may be only
the recessed portion 91 of the primary weakened portion
(refer to FIGS. 4A and 4B).
[0065] As illustrated in FIGS. 4A and 4B, though the
self-seal stay 8A according to the first modification differs
from the self-seal stay 8 (FIGS. 3A to 3C) in not including
the auxiliary weakened portion 92 (FIG. 3A to 3C), the
other components are the same and the redundant ex-
planations are omitted.
[0066] Whether or not the auxiliary weakened portion
92 is provided is appropriately determined by considering
the shape of the self-seal stay and setting pressure of
the gas chamber 3 or the like. Provision of the auxiliary
weakened portion 92 further appropriately sets the
groove-shaped recessed portion 91 to an axial support
rigidity, thereby facilitating occurrence of buckling at a
proper timing.

<Second Modification>

[0067] In the present embodiment, though the bottom
surface 91b of the groove-shaped recessed portion 91
is formed with a circular arc-shaped curved surface, it is
not limited to this. As illustrated in FIGS. 5A to 5C and
FIGS. 6A to 6C, in order to reduce the number of steps
of fabrication the bottom surface may be not a curved
surface but a plane surface.
[0068] As illustrated in FIGS. 5A to 5C, the self-seal
stay 8B according to an example 1 of the second modi-
fication includes a groove-shaped recessed portion 91B,
which includes paired sidewall portions 91aB and 91aB
facing each other; and a bottom surface 91bB of a plane
surface formed between the sidewall portions 91aB and
91aB. The auxiliary weakened portion 92B has the same
configuration, and the specific explanations are omitted.
[0069] It is noted that though the self-seal stay 8B ac-
cording to the example 1 of the second modification in-
cludes the auxiliary weakened portion 92B, the self-seal
stay 8B1 according to the example 2 of the second mod-
ification illustrated in FIGS. 6A to 6C may not be provided

with the auxiliary weakened portion 92B.
[0070] Though the self-seal stay 8B1 according to the
example 2 of the second modification differs from the
self-seal stay 8B according to the example 1 of the sec-
ond modification in not including the auxiliary weakened
portion 92B, the other components are the same, and
the same components are attached with the same char-
acters and the redundant explanations are omitted.
[0071] The bottom surface 91bB of the recessed por-
tion 91B, as illustrated in FIGS. 5B and 6B, is a plane
surface formed perpendicular to the radial direction in
plane view. Both the end portions 91cB in a circumfer-
ential direction of the bottom surface 91bB pass through
to or reach the outer circumferential surface of the body
portion 8a. Therefore, both the end portions 91cB do not
have any thickness-directional steps at the boundaries
between the outer circumferential surface and the bottom
surface 91bB of the recessed portion 91B, and the bottom
surface 91bB is smoothly integrated or joined with the
outer circumferential surface of the body portion 8a. That
is, both the end portions 91cB are continuous with the
outer circumferential surface of the body portion 8a.
[0072] According to the construction, thickness t1 of
the body portion 8a at the central portion of the recessed
portion 91B in the circumferential direction is smaller,
each thickness t2 of both the end portions 91cB of the
recessed portion 91B is gradually larger than that of the
central portion, and each thickness of the both the end
portions 91cB are equal to that of the body portion 8a.

<Motion during Abnormal Operation>

[0073] The description will be given of a motion during
an abnormal operation of the hydraulic accumulator 1
(including the first and second modifications) with refer-
ence to FIGS. 7 to 10.

[Closing hydraulic-fluid inlet by temperature increase]

[0074] During the abnormal operation of the hydraulic
accumulator 1, as illustrated in FIG. 7, at the initial stage
when a fire or the like causes the pressure and temper-
ature of the gas chamber 3 to increase, the bellows 5
contracts downward in FIG. 7.
[0075] When the seal member 53 disposed on the bot-
tom surface of the end portion 51 of the bellows 5 comes
into contact with the head portion 8b of the self-seal stay
8, the seal member 53 closes the through hole 81 formed
in the head portion 8b of the self-seal stay 8, thereby
putting the hydraulic-fluid inlet 61 into a closed state. At
this time, the first fluid chamber 41 has a pressure equal
to that of the hydraulic circuit (not illustrated) of the brake
circuit or the like not illustrated, while the second fluid
chamber 42 is put in a sealed state.

[Pressure collapsing and buckling of weakened portion]

[0076] When the pressure and the temperature in-
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crease from the initial stage and the pressure in the gas
chamber 3 reaches a given threshold, as illustrated in
FIG. 8 the weakened portion of the self-seal stay 8 is
collapsed under pressure, thereby inducing buckling on
the body portion 8a. In other word, the weakened portion
9 is designed such that when the pressure in the gas
chamber 3 reaches preset given threshold, the weak-
ened portion 9 is collapsed under pressure, thereby in-
ducing buckling on the body portion 8a. At this time, the
buckling occasionally causes the weakened portion 9 to
be broken.

[Decreasing of pressure in second fluid chamber]

[0077] When the weakened portion 9 is collapsed un-
der pressure to induce buckling on the body portion 8a,
the through hole 81 is opened. The hydraulic fluid Q in
the sealed second fluid chamber 42 flows out to the first
chamber 41 through the through hole 81, thereby de-
creasing the pressure in the second fluid chamber 42.
Also, if the weakened portion 9 has a broken portion, the
hydraulic fluid Q flows out from it.

[Braking of bellows]

[0078] When the pressure in the second fluid chamber
42 decreases, as illustrated in FIG. 9 the pressure in the
gas chamber 3 is larger than the pressure in the second
fluid chamber 42. Therefore, the bellows 5 is broken un-
der a pressure of the gas chamber 3 directed from the
outer circumferential wall side of the bellows 5 to the hy-
draulic-fluid inlet 61, so that the second gas chamber 32
communicates with the second fluid chamber 42 and the
first fluid chamber 41.
[0079] When the second gas chamber 32 communi-
cates with the second fluid chamber 42 and the first fluid
chamber 41, the pressure of the high-pressure gas G in
the first gas chamber 31 causes the hydraulic fluid Q in
the first fluid chamber 41 and the second fluid chamber
42 to flow out from the hydraulic-fluid inlet 61. As illus-
trated in FIG. 10, the high-pressure gas G in the first gas
chamber 31 flows out from the second gas chamber 32
through the second fluid chamber 42 and the first fluid
chamber 41, thereby decreasing the pressure of the high-
pressure gas G in the gas chamber 3.
[0080] The above constructed hydraulic accumulator
1 according to the embodiment serves the following func-
tion and advantageous effect.
[0081] Providing the hydraulic accumulator 1 with the
weakened portion 9 facilitates occurrence of buckling on
the body portion 8a of the self-seal stay 8, thereby se-
curely inducing buckling so that the high-pressure gas G
in the gas chamber 3 is released at a proper timing.
Therefore, it is preferable for the hydraulic accumulator
1 (refer to FIG. 3C) which has a height smaller than the
diameter of the body portion 8a and makes it difficult for
buckling to occur.
[0082] Providing the hydraulic accumulator 1 with the

weakened portion 9 induces buckling at the central por-
tion of the recessed portion 91 (refer to FIGS. 3A to 3C)
at an initial stage. This initial buckling triggers buckling
which develops to both the end portions 91c of the
groove-shaped recessed portion 91, thereby enlarging
the range of the buckling.
[0083] That is, since buckling at the central portion of
the groove-shaped recessed portion 91 is induced at a
proper timing, the buckling develops over the whole
groove-shaped recessed portion 91 so as to extend in
the circumferential direction. For this, a short given nec-
essary time difference from occurrence of the buckling
to completion of it is set. Therefore, the high-pressure
gas G in the gas chamber 3 is gently released from the
through hole 81 formed in the head portion 8b of the self-
seal stay 8 with taking a given necessary time.
[0084] Accordingly, the hydraulic accumulator 1 is ca-
pable of properly regulating a release pressure of the
high-pressure gas G, and this regulation avoids explosive
release in which a high-pressure gas is suddenly and
instantaneously discharged, thereby effectively prevent-
ing explosive noise and shock from occurring.
[0085] It is noted that in the embodiment respective
motions of the accumulator 1 are clearly separated for
convenience of explanation, and are explained such that
since the hydraulic fluid Q in the fluid chamber 4 is dis-
charged, the high-pressure gas G in the gas chamber 3
flows through the fluid chamber 4 to be released. On the
other hand, in fact the respective motions simultaneously
proceed, and, for example, if the hydraulic pressure in
the fluid chamber 4 is sufficiently decreased, the high-
pressure gas G is quickly released through the hydraulic
fluid Q in the fluid chamber 4.
[0086] The above description explains the embodi-
ment of the invention. However, the invention is not lim-
ited to the above-described embodiment, but is enabled
to be appropriately modified and performed. For exam-
ple, as illustrated in FIG. 3C, though the self-seal stay 8
of the embodiment has a cap shape having a height
smaller than the diameter of the body portion 8a, it is not
limited to this. The configuration of the weakened portion
9 is enabled to appropriately set buckling load for induc-
ing buckling. Therefore, as a self-seal stay 8C according
to a third modification illustrated in FIG. 11A, the invention
may be applied to the self-seal stay 8C having a height
equal to the diameter of the body portion 8a.
[0087] In the embodiment illustrated in FIG. 3C, though
the auxiliary weakened portion 92 is formed on the
groove-shaped recessed portion 91 at the axial central
portion, it is not limited to this. As a self-seal stay 8D
illustrated in FIG. 11B an auxiliary weakened portion of
a back-facing-hole shape may be formed on the recessed
portion 91 at the upper position than the center, or as a
self-seal stay 8E illustrated in FIG. 11C it may be formed
at the lower position than the center. According to such
a construction, if the auxiliary weakened portion 92D is
formed on the recessed portion 91 at the upper position
than the center (refer to FIG. 11B), the buckling load of
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the auxiliary weakened portion 92D is decreased to in-
duce buckling at an earlier stage. If the auxiliary weak-
ened portion 92E is formed on the recessed portion 91
at the lower position than the center (refer to FIG. 11C),
the buckling load of the auxiliary weakened portion 92E
is increased to induce buckling at a further delayed stage.
[0088] In the embodiment illustrated in FIG. 1, though
an end of the bellows 5 is fixed on the bottom portion
21a, it is not limited to this arrangement. As illustrated in
FIG. 12, the bellows 5 may be disposed at the lid plate
22 side. In a hydraulic accumulator 1F according to a
fourth modification illustrated in FIG. 12, though disposi-
tion of a bellows 5F is different, the other components
and the motion are the same as those of the hydraulic
accumulator 1 (refer to FIG. 1) and the specific explana-
tion is omitted.
[0089] In the self-seal stay 8 illustrated in FIGS. 3A to
3C, though the through hole 81 is formed at the central
portion of the head portion 8b, it is not limited to this. The
through hole 81 may be offset from the central portion of
the head portion 8b and disposed close to the circumfer-
ential central portion of the groove-shaped recessed por-
tion 91 so as to come close to the auxiliary weakened
portion 92 side.
[0090] This construction makes a buckling load set
smaller to induce buckling at an earlier stage, and further
smoothly accelerates flowing out of the high-pressure
gas G from the through hole 81.

Claims

1. A hydraulic accumulator comprising:

a shell including an internal portion defining a
gas chamber and a fluid chamber;
a bellows expandably and contractably housed
in the shell and partitioning the internal portion
into the gas chamber and the fluid chamber;
a port portion disposed on the shell and defining
a hydraulic-fluid inlet open to the fluid chamber;
and
a self-seal stay disposed at the port portion and
comprising a cylindrical body portion and a lid-
shaped head portion defining a through hole,
the head portion with which an end portion of
the bellows comes into contact,
the self-seal stay comprising a first weakened
portion for deforming the body portion to incline
the head portion relative to the end portion of
the bellows when a pressure of the gas chamber
is more than a given threshold,
the first weakened portion comprising a first re-
cessed portion formed in a circumferential direc-
tion of the body portion,
the first recessed portion including a bottom sur-
face of a plane surface or a circular arc shaped
curved surface which is convex toward outside

of the body portion from inside thereof, and
at least one of both end portions of the bottom
surface in the circumferential direction joined
with an outer circumferential surface of the body
portion.

2. The hydraulic accumulator according to claim 1,
wherein the first recessed portion of the first weak-
ened portion has in the circumferential direction a
length of a groove which is approximately half of a
circumferential length of the body portion.

3. The hydraulic accumulator according to claim 1,
wherein the first weakened portion includes a second
weakened portion extending from the first recessed
portion in an axial direction of the body portion.

4. The hydraulic accumulator according to claim 3,
wherein the second weakened portion includes a
second recessed portion formed on the outer circum-
ferential surface of the body portion.

5. The hydraulic accumulator according to claim 1,
wherein a thickness of the body portion at the bottom
surface of the first recessed portion increases from
the central portion of the first recessed portion to said
at least one of the end portions of the bottom surface.

6. The hydraulic accumulator according to claim 1,
wherein the bottom surface of the first recessed por-
tion is larger in curvature radius than the outer cir-
cumferential surface of the body portion.

7. The hydraulic accumulator according to claim 1,
wherein said at least one of both the end portions of
the bottom surface of the first recessed portion is
continuous with the outer circumferential surface of
the body portion.

Amended claims in accordance with Rule 137(2)
EPC.

1. A hydraulic accumulator (1) comprising:

a shell (2) including an internal space having a
gas chamber (3) to be filled with a pressurized
gas and a fluid chamber (4) to be filled with a
hydraulic-fluid;
a bellows (5) that is extendable and contractible,
installed in the shell (2) and partitions the internal
space into the gas chamber (3) and the fluid
chamber (4), the bellows (5) including a bellows
cap (51) at an end portion of the bellows (5);
a port portion (6) provided to the shell (2) and
defining a hydraulic-fluid inlet (61) communicat-
ing with the fluid chamber (4); and
a self-seal stay (8) disposed in the fluid chamber
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(4) and comprising a cylindrical body portion (8a)
surrounding the port portion (6); and a lid-
shaped head portion (8b) defining a through hole
(81) and extending from the cylindrical body por-
tion (8a), the through hole (81) being configured
to be closed by the bellows cap (51) which
comes into contact with the head portion (8b);
the cylindrical body portion (8a) including a first
recessed portion (91) recessed from an outer
circumferential surface of the cylindrical body
portion (8a), extending in a circumferential di-
rection of the cylindrical body portion (8a), and
including a bottom surface (91b) that is plane or
circular arc curved shaped, so that the first re-
cessed portion (91) deforms when a gas pres-
sure in the gas chamber (3) is higher than a pre-
determined threshold;
the hydraulic accumulator (1) characterized
by:

at least one of both end portions of the bot-
tom surface (91b) in the circumferential di-
rection joined with the outer circumferential
surface of the cylindrical body portion (8a);
and
the first recessed portion (91) having a wall
thickness which increases from a central
portion of the first recessed portion (91) to
said at least one of the end portions of the
bottom surface (91b) in the circumferential
direction of the cylindrical body portion (8a).

2. The hydraulic accumulator (1) according to claim 1,
wherein the first recessed portion (91) has in the cir-
cumferential direction a length of a groove which is
approximately half of a circumferential length of the
cylindrical body portion (8a).

3. The hydraulic accumulator (1) according to claim 1,
wherein the first cylindrical body portion (8a) includes
a second recessed portion (92) recessed from the
outer circumferential surface of the cylindrical body
portion (8a) and extending from the first recessed
portion (91) in an axial direction of the cylindrical
body portion (8a).

4. The hydraulic accumulator (1) according to claim 1,
wherein the bottom surface (91b) of the first re-
cessed portion (91) is larger in curvature radius than
the outer circumferential surface of the cylindrical
body portion (8a).

5. The hydraulic accumulator (1) according to claim 1,
wherein said at least one of both the end portions of
the bottom surface (91b) of the first recessed portion
(91) is continuous with the outer circumferential sur-
face of the cylindrical body portion (8a).
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