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(54) Safety valve and electromagnetic valve

(57) A safety valve (1) includes a cylinder (4) having
an open end (3) and a plug (5) for closing the open end
(3) with a hermetic seal. The interior (9) of the cylinder
(4) communicates with a high-pressure gas passage (2).

The cylinder (4) is deformed as a function of gas pressure
in the high-pressure gas passage (2) to widen the open
end (3). This allows gas in the high-pressure gas passage
(2) to escape and thus prevents the gas pressure from
increasing beyond an acceptable level.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a safety valve
for preventing gas pressure from increasing beyond an
acceptable level and to an electromagnetic valve that
serves as the safety valve.
[0002] Conventionally, high-pressure gas supply sys-
tems such as gas tanks for fuel-cell cars have valve de-
vices. An electromagnetic valve is known as one example
of such a valve device and is used for controlling supply
of hydrogen gas stored in the gas tank mounted on a
fuel-cell car (for example, refer to Japanese Laid-Open
Patent Publication No. 2003-240148). Such valve devic-
es function, for example, as safety valves that prevent
gas pressure from increasing beyond an acceptable lev-
el, that is, such valve devices prevent excessive pressure
from being generated.
[0003] The internal pressure of the gas tank for a fuel-
cell car, that is, the pressure of hydrogen gas stored in
the gas tank, is as high as, for example, 70 MPa. Charging
of hydrogen gas into a gas tank is performed, in some
cases, by using a charging device that uses a pressure
reducing valve for lowering a charging gas pressure,
which is higher than the tank internal pressure and is, for
example, approximately 200 MPa.
[0004] However, if the pressure reducing valve of the
charging device malfunctions and the charging gas pres-
sure is applied to the gas tank without being lowered, the
internal pressure of the gas tank can be instantly in-
creased beyond the acceptable level. In such a case,
hydrogen gas in the gas tank (and in the high-pressure
gas passage) is discharged to the outside by a safety
valve. This prevents the gas pressure from increasing
beyond the acceptable level.
[0005] Specific examples of such safety devices in-
clude those disclosed in Japanese Laid-Open Patent
Publications No. 11-182722 and No. 59-197680, which
disclose configurations using a breakable member such
as a rupture disc. Such a disc is ruptured when the pres-
sure In a high-pressure gas passage is increased, to dis-
charge gas in the high-pressure gas passage to the out-
side. Also, as disclosed in Japanese Laid-Open Patent
Publication No. 11-151160, a relief valve using spring
force can be used as a safety valve for high-pressure gas.
[0006] However, the limit pressure, at which the break-
able member is ruptured, that is, the rupture limit of the
breakable member is difficult to control. Thus, reduction
in costs through mass production of breakable members
cannot be expected. Also, a relief valve that utilizes spring
force has the drawback that it is larger in size than the
breakable member. In addition, particularly in a hydrogen
gas supply system, embrittlement of the spring can ham-
per the operation of the relief valve. Therefore, there is
a demand for a simple, inexpensive and accurate safety
valve.

SUMMARY OF THE INVENTION

[0007] Accordingly, it is an objective of the present in-
vention to provide an accurate, simply structured and
low-cost safety valve that prevents gas pressure from
increasing beyond an acceptable level. Another objective
is to provide an electromagnetic valve that functions as
the safety valve.
[0008] To achieve the foregoing objective and in ac-
cordance with one aspect of the present invention, a safe-
ty valve is provided that includes a cylinder having an
open end and a plug for closing the open end with a
hermetic seal. The interior of the cylinder communicates
with a high-pressure gas passage. The cylinder is de-
formed as a function of gas pressure in the high-pressure
gas passage to widen the open end. This allows gas in
the high-pressure gas passage to escape and thus pre-
vents the gas pressure from increasing beyond an ac-
ceptable level.
[0009] The safety valve may further include a sealing
member located between the plug and the open end. The
sealing member is compressed between the plug and
the open end to form the hermetic seal between the plug
and the open end.
[0010] The safety valve may further include a restrict-
ing member that restricts the plug and the cylinder from
moving relatively away from each other.
[0011] In accordance with another aspect of the
present invention, an electromagnetic valve is provided
that includes a cylindrical sleeve that is located in a high-
pressure gas passage and has an open end. A plug clos-
es the open end of the sleeve with a hermetic seal. An
electromagnetic coil is located at a position radially out-
side of the sleeve. A plunger moves within the sleeve
based on magnetomotive force of the electromagnetic
coil. A valve body opens and closes the high-pressure
gas passage based on movement of the plunger. The
electromagnetic valve functions as a safety valve in
which the sleeve is deformed as a function of gas pres-
sure in the high-pressure gas passage to widen the open
end. This allows gas in the high-pressure gas passage
to escape and thus prevents the gas pressure from in-
creasing beyond an acceptable level.
[0012] The sleeve of the electromagnetic valve may
have a high rigidity portion that is harder to deform than
the open end of the sleeve.
[0013] The electromagnetic valve may further include
a sealing member located between the plug and the open
end. The sealing member is compressed between the
plug and the open end to form the hermetic seal between
the plug and the open end.
[0014] A gap is formed at a position radially outside of
the sleeve of the electromagnetic valve to permit the open
end of the sleeve to be widened.
[0015] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a cross-sectional view illustrating a safety
valve according to a first embodiment of the present
Invention;
Fig. 2 is an operational diagram of the safety valve
of Fig. 1;
Fig. 3 is a cross-sectional view illustrating an elec-
tromagnetic valve according to a second embodi-
ment of the present invention;
Fig. 4 is an enlarged cross-sectional view illustrating
the electromagnetic valve shown in Fig. 3;
Fig. 5 is an operational diagram in which the elec-
tromagnetic valve shown in Fig. 3 functions as a safe-
ty valve;
Fig. 6 is a cross-sectional view illustrating an elec-
tromagnetic valve according to a modified embodi-
ment of the present invention;
Fig. 7 is a cross-sectional view illustrating an elec-
tromagnetic valve according to a modified embodi-
ment of the present invention;
Fig. 8 is a cross-sectional view illustrating a safety
valve according to a modified embodiment of the
present invention;
Fig. 9 is a cross-sectional view illustrating a safety
valve according to a modified embodiment of the
present invention;
Fig. 10 is a cross-sectional view illustrating a safety
valve according to a modified embodiment of the
present invention; and
Fig. 11 is a cross-sectional view illustrating a safety
valve according to a modified embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

First Embodiment

[0017] A first embodiment of the present invention will
now be described with reference to Figs. 1 and 2.
[0018] A safety valve 1 according to the present em-
bodiment shown in Fig. 1 includes a cylinder 4 having a
substantially circular cross section and a plug 5. The cyl-
inder 4 has an open end 3, which is closed by the plug
5: The open end 3 is one of the axial ends of the cylinder
4 (the upper end as viewed In Fig. 1). The interior 9 of
the cylinder 4 communicates with a high-pressure gas
passage 2 defined by a pipe wall 7.
[0019] A connection hole 8 is formed in the pipe wall
7. The cylinder 4 has a connection end 6, which is an
axial end of the cylinder 4 (the lower end as viewed in
Fig. 1) that is opposite to the open end 3. The cylinder 4
is connected to the pipe wall 7 with the connection end
6 located in the connection hole 8 of the pipe wall 7. The
connection end 6 of the cylinder 4. faces the high-pres-

sure gas passage 2. In this embodiment, a thread is
formed on the outer circumference of the connection end
6 of the cylinder 4 and on the connection hole 8 of the
pipe wall 7, so that the connection end 6 can be screwed
to the connection hole 8.
[0020] The plug 5 has a substantially columnar inser-
tion portion 11, which is inserted into the open end 3 of
the cylinder 4. The outer diameter of the insertion portion
11 is substantially equal to the inner diameter of the open
end 3. An annular groove 12 is formed in the outer cir-
cumference of the insertion portion 11. An O-ring 13,
which functions as a sealing member, is located in the
annular groove 12. The O-ring 13 in the annular groove
12 contacts and is compressed by a part of the inner
circumferential surface 14 of the open end 3 that faces
the annular groove 12, to form a hermetic seal between
the inner circumferential surface 14 of the open end 3
and the plug 5. That is, the open end 3 of the cylinder 4
is closed with a hermetic seal by the plug 5.
[0021] A restricting member 16 contacts a main body
15 of the plug 5, thereby preventing the plug 5 from mov-
ing (upward as viewed in Fig. 1) away from the cylinder
4 along the axial direction of the cylinder 4. That is, rel-
ative movement between the plug 5 and the cylinder 4
is restricted by the restricting member 16. Therefore, the
cylinder 4 of the safety valve 1 according to the present
embodiment is deformed such that the open end 3 is
widened radially outward of the cylinder 4, or the diameter
of the open end 3 is increased, as a function of gas pres-
sure (the gas pressure of the interior 9 of the cylinder 4
and the gas pressure in the high-pressure gas passage
2).
[0022] When the open end 3 of the cylinder 4 is wid-
ened due to an increase in the gas pressure and a wide
gap X is created between the inner circumferential sur-
face 14 of the open end 3 and the insertion portion 11 of
the plug 5 as shown in Fig. 2, the O-ring 13 is restored
to its original state from its compressed state, and the
hermetic seal created by the O-ring 13 is broken. As a
result, gas escapes from the interior 9 of the cylinder 4
through the gap X, so that the gas pressure in the high-
pressure gas passage 2 does not increase beyond the
acceptable level.
[0023] The present embodiment has the following ad-
vantages.
[0024] The cylinder 4 of the safety valve 1 is deformed
such that the open end 3 is widened as a function of gas
pressure in the high-pressure gas passage 2. As a result,
gas in the high-pressure gas passage 2 escapes through
the gap between the inner circumferential surface 14 of
the open end 3 of the cylinder 4 and the plug 5, so that
the gas pressure does not increase beyond the accept-
able level. The degree of deformation of the cylinder 4
as a function of the gas pressure, particularly, the extent
of widening of the open end 3, is easily predicted with
high accuracy based on the material and shape of the
cylinder 4. Therefore, compared to a safety device that
uses a breakable member such as a rupture disc, of
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which the rupture limit is difficult to control, the perform-
ance of the safety valve 1 can be easily made uniform,
and the safety valve 1 can be manufactured at low costs.
In addition, the safety valve 1 has a simpler structure and
is thus smaller in size than a relief valve using spring
force. Further, being free of embrittlement caused by hy-
drogen gas, the safety valve 1 operates reliably in the
hydrogen gas supply system. Therefore, the safety valve
1 has a simple structure and is inexpensive and accurate.
[0025] Even when the gas pressure increases and the
open end 3 of the cylinder 4 is widened accordingly, the
O-ring 13 provided in the plug 5 continues sealing the
gap between the circumferential surface 14 of the open
end 3 and the plug 5 until the O-ring 13 completely returns
to its original state from its compressed state. Such be-
havior of the O-ring 13 is used for controlling the pressure
of gas that escapes to the outside from the interior 9 of
the cylinder 4 through the gap between the inner circum-
ferential surface 14 of the open end 3 and the plug 5.
That is, the safety valve 1 easily performs pressure con-
trol with a simple structure and high accuracy. When the
gas pressure in the high-pressure gas passage 2 is low-
ered after the escape of gas, the widened open end 3
returns to its original shape, so that the O-ring 13 is again
compressed between the inner circumferential surface
14 of the open end 3 and the plug 5. Accordingly, the gap
between the inner circumferential surface 14 of the open
end 3 and the plug 5 is hermetically sealed again by the
O-ring 13.
[0026] Since the plug 5 and the cylinder 4 are restricted
from separating from each other by the restricting mem-
ber 16, escape of gas from the interior 9 of the cylinder
4 due to such relative movement is prevented. Therefore,
the gas pressure in the cylinder 4 and in the high-pressure
gas passage 2 is controlled with high accuracy.

Second Embodiment

[0027] A second embodiment of the present invention
will now be described with reference to Figs. 3 to 5.
[0028] Fig. 3 shows an electromagnetic valve 20 of the
present embodiment. The electromagnetic valve 20 is
used in the high-pressure hydrogen gas supply system.
The electromagnetic valve 20 is housed in a valve body
22. The valve body 22 is attached to a high-pressure
hydrogen gas tank (not shown) to define a part of a high-
pressure gas passage 21.
[0029] An accommodation hole 23 having a circular
cross section is formed in one end 22a of the valve body
22 (right end as viewed in Fig. 3). An insertion hole 25,
the diameter of which is smaller than the accommodation
hole 23, is formed in the bottom surface 24 of the accom-
modation hole 23. The insertion hole 25 is coaxial) with
the accommodation hole 23. ln the present embodiment,
the insertion hole 25 also has a circular cross section.
The valve body 22 has an inlet port 26, which communi-
cates with the insertion hole 25, and an outlet port 27.
The inlet port 26 receives inflow of hydrogen gas stored

in the gas tank. The outlet port 27 discharges the hydro-
gen gas to a supply destination.
[0030] The inlet port 26 extends in a direction perpen-
dicular to the axis of the insertion hole 25 (vertical direc-
tion in Fig. 3), and opens in the vicinity of the bottom
surface 28 of the insertion hole 25. The outlet port 27
extends in a direction coaxial with the insertion hole 25
(lateral direction in Fig. 3), and opens in the center of the
bottom surface 28 of the insertion hole 25.
[0031] The accommodation hole 23 and the insertion
hole 25, which are coaxial and continuous with each other
in the valve body 22, accommodate a substantially cy-
lindrical sleeve 31 having a bottom 32. The inlet port 26
is connected to the outlet port 27 via the interior of the
sleeve 31, so that the high-pressure gas passage 21 for
delivering hydrogen gas from the gas tank to the supply
destination is formed in the valve body 22.
[0032] The outer diameter of the sleeve 31 is substan-
tially equal to the inner diameter of the insertion hole 25.
A columnar protrusion 33 is formed on the bottom 32 of
the sleeve 31. The protrusion 33 is coaxial with the sleeve
31 and extends along the axis of the sleeve 31. The outer
diameter of the protrusion 33 is substantially equal to the
inner diameter of the outlet port 27. When the sleeve 31
is accommodated in the accommodation hole 23 and the
insertion hole 25, the bottom 32 of the sleeve 31 is ar-
ranged in the insertion hole 25, and the protrusion 33 of
the sleeve 31 is arranged in the outlet port 27.
[0033] An end 31 a of the steeve 31 that is arranged
in the insertion hole 25 (left end as viewed in Fig. 3) is
closed by the bottom 32, while another end 31 b of the
sleeve 31 on the opposite side (right end as viewed in
Fig. 3) is not closed but forms an open end 34. The open
end 34 receives a stopper 36 having an insertion portion
35 located in the open end 34.
[0034] An O-ring 37, which functions as a sealing
member, is located between the insertion portion 35 of
the stopper 36 and the open end 34 of the sleeve 31.
Another O-ring 38 is located between the insertion hole
25 and the bottom 32 of the sleeve 31, and yet another
O-ring 39 is located between the outlet port 27 and the
protrusion 33 of the sleeve 31. Therefore, hermetic seals
are formed between the inner surface of the sleeve 31
and the accommodation hole 23, between the accom-
modation hole 23 and the insertion hole 25, and between
the insertion hole 25 and the outlet port 27.
[0035] A communication hole 44 is formed in the bot-
tom 32 of the sleeve 31 to connect the interior of the
sleeve 31 to the insertion hole 25, which communicates
with the inlet port 26. Also, a communication hole 45 is
formed in the protrusion 33 of the sleeve 31. The com-
munication hole 45 extends along the axial direction of
the sleeve 31 and through the protrusion 33 and the bot-
tom 32 to connect the interior of the sleeve 31 to the outlet
port 27. Accordingly, the inlet port 26 communicates with
the outlet port 27 via the interior of the sleeve 31.
[0036] An electromagnetic coil 50 is located at a posi-
tion radially outside of the sleeve 31. A plunger 51 is
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located inside the sleeve 31. The plunger 51 moves ax-
ially within the sleeve 31 based on the magnetomotive
force of the electromagnetic coil 50. In the electromag-
netic valve 20, the high-pressure gas passage 21 from
the inlet port 26 to the outlet port 27 via the interior of the
sleeve 31 is opened or closed based on the axial move-
ment of the plunger 51.
[0037] The electromagnetic coil 50 is wound about a
bobbin-like insulator 52 and accommodated in the ac-
commodation hole 23 together with yokes 53, 54, 55,
which form magnetic paths. The sleeve 31 is fitted into
the valve body 22 by being inserted into the insulator 52,
about which the electromagnetic coil 50 is wound.
[0038] The plunger 51 is substantially columnar and
makes sliding contact with the inner circumferential sur-
face of the sleeve 31. A coil spring 56 is located between
the plunger 51 and the stopper 36. The accommodation
hole 23 is closed by a lid 58. The stopper 36 has a main
body 57 that contacts the lid 58. The lid 58 restricts the
stopper 36 from moving away from the sleeve 31 (right-
ward as viewed in Fig. 3) in the axial direction of the
sleeve 31. That is, relative movement between the stop-
per 36, which serves as a plug, and the sleeve 31, which
serves as a cylinder, is restricted by the lid 58, which
serves as a restricting member. The lid 58 is fastened to
one end 22a of the valve body 22 by bolts (not shown).
The plunger 51 is urged toward the bottom 32 of the
sleeve 31 (leftward as viewed in Fig. 3) by the coil spring
56.
[0039] A main valve seat 61, which faces the plunger
51, is located on the bottom 32 of the sleeve 31. The
main valve seat 61 has a through hole 60 continuous with
the communication hole 45, which is formed in the bottom
32 and the protrusion 33 of the sleeve 31. The plunger
51 has a main valve body 62. As the plunger 51 moves
along the axial direction, the main valve body 62 contacts
the main valve seat 61 to close the through hole 60 of
the main valve seat 61.
[0040] As shown in Fig. 4, the plunger 51 has an ac-
commodation hole 63, which opens in an end face 51a
(left end face as viewed in Fig. 4) of the plunger 51 that
faces the main valve seat 61. The main valve body 62
has a base 64 accommodated in the accommodation
hole 63 and a substantially columnar valve main body
65, which protrudes from the base 64 toward the main
valve seat 61 (leftward as viewed in Fig. 4). The distal
end of the valve main body 65 is located outside the ac-
commodation hole 63.
[0041] A restriction plate 67 is fixed in an opening 63a
of the accommodation hole 63. A through hole 66 is
formed in the restriction plate 67. The through hole 66 is
located at a position that corresponds to the through hole
60 of the main valve seat 61. The outer diameter of the
base 64 of the main valve body 62 is larger than the
diameter of the through hole 66 of the restriction plate 67.
[0042] The distal end of the valve main body 65, which
protrudes out of the accommodation hole 63 via the
through hole 66 of the restriction plate 67, is located clos-

er to the main valve seat 61 than to the end face 51 a of
the plunger 51. A substantially conical tapered portion
68 is formed at the distal end of the valve main body 65.
In the main valve body 62 of the present embodiment,
the tapered portion 68 coaxially contacts the through hole
60 of the main valve seat 61 and closes the through hole
60 with a hermetic seal.
[0043] A pilot line 69 is formed in the main valve body
62. The pilot line 69 extends axially through the main
valve body 62 (lateral direction as viewed in Fig. 4) and
opens at the vertex of the tapered portion 68. A pilot valve
seat 71 is located at an end 62a of the main valve body
62 at the opposite side to the protrusion 33 of the sleeve
31. The pilot valve seat 71 has a through hole 70 contin-
uous with the pilot line 69. In this embodiment, the pilot
valve seat 71 is fixed in a recess 72 formed in the end
62a of the main valve body 62. The diameter of the
through hole 70 of the pilot valve seat 71 is smaller than
the diameter of the through hole 60 of the main valve
seat 61. The electromagnetic valve 20 of the present em-
bodiment is a pilot type electromagnetic valve having a
pilot valve body 73, which contacts and separates from
the pilot valve seat 71 as the plunger 51 moves.
[0044] The outer diameter of the base 64 of the main
valve body 62 is substantially equal to the diameter of
the accommodation hole 63 of the plunger 51. The length
of the base 64 along the axial direction is shorter than
the length of the accommodation hole 63 along the axial
direction. Therefore, the base 64 of the main valve body
62 is allowed to slide along the axial direction in the ac-
commodation hole 63 of the plunger 51. A through hole
74 extends through the plunger 51 in the axial direction.
The through hole 74 extends from an end face 51b of the
plunger 51, which faces the stopper 36 and is located
opposite to the end face 51 a, and communicates with
the accommodation hole 63. The pilot valve body 73 is
located in a part 74a of the through hole 74 that is adjacent
to the accommodation hole 63, to face the pilot valve seat
71. The pilot valve body 73 moves integrally with the
plunger 51 in the axial direction. An introduction groove
75, which extends in the axial direction of the plunger 51,
is formed in on the outer circumferential surface of the
plunger 51. The introduction groove 75 communicates
with the accommodation hole 63 and the through hole
74 of the plunger 51 via an introduction passage 76a and
an introduction passage 76b formed in the plunger 51.
[0045] The pilot valve body 73 is substantially spherical
and press fitted in the through hole 74 of the plunger 51
to be fixed in the part 74a of the through hole 74 adjacent
to the accommodation hole 63. A pressing plate 78 is
fixed in the through hole 74. One end of the coil spring
56 contacts the pressing plate 78. Accordingly, the coil
spring 56 is compressed between the pressing plate 78
and the bottom surface of an accommodation hole 79
formed in the insertion portion 35 of the stopper 36, and
urges the plunger 51 toward the bottom 32 of the sleeve
31.
[0046] When the electromagnetic coil 50 is not ener-
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gized, the plunger 51 is moved in the axial direction to-
ward the bottom 32 of the sleeve 31 in the sleeve 31
(leftward as viewed in Fig. 3) based on the urging of the
coil spring 56. At this time, the pilot valve body 73 is seat-
ed on the pilot valve seat 71 and presses the pilot valve
seat 71 while closing the through hole 70, which is con-
tinuous with the pilot line 69. Accordingly, the main valve
body 62 is moved in the axial direction toward the bottom
32 of the sleeve 31 together with the plunger 51 and is
seated on the main valve seat 61 on the bottom 32. When
the tapered portion 68 of the valve main body 65 closes
the through hole 60 of the main valve seat 61, which is
continuous with the outlet port 27, the high-pressure gas
passage 21 is closed.
[0047] On the other hand, when the electromagnetic
coil 50 is energized, the magnetomotive force of the elec-
tromagnetic coil 50 moves the plunger 51, against the
urging force of the coil spring 56, toward the open end
34 of the sleeve 31, or in other words, toward the stopper
36 (rightward as viewed in Fig. 3). At this time, the pilot
valve body 73 first separates from the pilot valve seat 71.
Thereafter, the restriction plate 67 located in the opening
63a of the accommodation hole 63 contacts the base 64
of the main valve body 62, so that the main valve body
62 is moved in the axial direction toward the open end
34 of the sleeve 31, together with the plunger 51. As a
result, the main valve body 62 separates from the main
valve seat 61, so that the high-pressure gas passage 21
is open.
[0048] Since the through hole 70 of the pilot valve seat
71, which is closed by the pilot valve body 73, has a small
diameter, the force required to separate the pilot valve
body 73 from the pilot valve seat 71 is relatively small.
Also, when the pilot valve body 73 separates from the
pilot valve seat 71, hydrogen gas flows to the outlet port
27 via the pilot line 69, which reduces the pressure dif-
ference between the outlet port 27 and the interior of the
sleeve 31. Accordingly, the force required to separate
the main valve body 62 from the main valve seat 61 is
reduced. Therefore, the pilot type electromagnetic valve
20 of the present embodiment requires relatively small
number of turns of the electromagnetic coil 50, which is
a drive source, which permits the electromagnetic valve
20 to be relatively small.

Excessive Pressure Prevention Structure

[0049] Next, an excessive pressure prevention struc-
ture of the electromagnetic valve 20 will be described.
Specifically, description will be given on how the electro-
magnetic valve 20 functions as a safety valve that pre-
vents gas pressure from increasing beyond an accepta-
ble level.
[0050] In the electromagnetic valve 20, a gap for al-
lowing deformation of the sleeve 31 is formed between
the sleeve 31 and the insulator 52 as shown in Fig. 3.
Therefore, the sleeve 31 is allowed to deform such that
the open end 34 is widened outward in the radial direction

of the sleeve 31 as a function of the gas pressure in the
sleeve 31.
[0051] As shown in Fig. 5, the O-ring 37 is fitted in an
annular groove 83 formed in an outer circumferential sur-
face 82 of the insertion portion 35 of the stopper 36. The
0-ring 37 in the annular groove 83 contacts and is com-
pressed by a part of the inner circumferential surface 81
of the open end 34 of the sleeve 31 that faces the annular
groove 83, to form a hermetic seal between the inner
circumferential surface 81 of the open end 34 and the
stopper 36. That is, the open end 34 of the sleeve 31 is
closed with a hermetic seal by the stopper 36.
[0052] When the open end 34 of the sleeve 31 is wid-
ened due to an increase in the gas pressure and a wide
gap X is created between the inner circumferential sur-
face 81 of the open end 34 and the insertion portion 35
of the stopper 36, the O-ring 37 is restored to its original
state from its compressed state, and the hermetic seal
formed by the O-ring 37 is broken. As a result, gas es-
capes from the interior of the sleeve 31 through the gap
X, so that the gas pressure in the high-pressure gas pas-
sage 21 does not increase beyond the acceptable level.
[0053] Although the accommodation hole 23 accom-
modating the sleeve 31 is closed by the lid 58 fastened
to the end 22a of the valve body 22 with bolts, gas that
escapes to the accommodation hole 23 from the interior
or the sleeve 31 is discharged to the outside of the ac-
commodation hole 23 through the gap between the end
22a of the valve body 22 and the lid 58.
[0054] The second embodiment has the following ad-
vantages.
[0055] By using, as a safety valve, an existing electro-
magnetic valve in the high-pressure hydrogen gas supply
system such as the gas tank for a fuel-cell car, gas pres-
sure is easily and inexpensively prevented from increas-
ing beyond an acceptable level, which improves safety.
[0056] When the open end 34 of the sleeve 31 is closed
by the stopper 36, the stopper 36 receives a force acting
to move the stopper 36 away from the sleeve 31 due to
the gas pressure in the sleeve 31 (rightward as viewed
in Fig. 4). However, since sleeve 31 is deformed as a
function of the gas pressure such that the open end 34
is widened, the force applied to the stopper 36 by the gas
pressure is reduced. As a result, the stopper 36 is pre-
vented from moving away from the sleeve 31. This further
improves safety.
[0057] Since a gap for allowing the sleeve 31 to be
deformed is located about the sleeve 31, the open end
34 is allowed to be widened without interference.
[0058] The above described embodiments may be
modified as follows.
[0059] In the second embodiment, the present inven-
tion is applied to the electromagnetic valve 20, which is
used in the high-pressure hydrogen gas supply system.
However, the present invention may be applied to an
electromagnetic valve for other types of high-pressure
gas.
[0060] In the second embodiment, the present inven-
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tion is applied to the pilot type electromagnetic valve 20,
which includes the pilot valve body 73 and the main valve
body 62 for opening and closing a high-pressure gas pas-
sage. However, the present invention may be applied to
a structure that directly drives a valve body that corre-
sponds to the main valve body 62.
[0061] In the second embodiment, a gap for allowing
deformation of the sleeve 31 is formed between the
sleeve 31 and the insulator 52. However, the gap be-
tween the sleeve 31 and the insulator 52 does not need
to allow the entire sleeve 31 to be deformed as long as
the open end 34 of the sleeve 31 can be widened.
[0062] Specifically, as shown in Fig. 6, a part of the
sleeve 31 close to the bottom 32 (left part as viewed in
Fig. 6) may be held in contact with an insulator 85 without
a gap. In this case, a part of the insulator 85 close to the
open end 34 of the sleeve 31 may be formed to have a
gradually increasing inner diameter.
[0063] The sleeve may have a high rigidity portion that
is harder to deform than the open end. In a case of a
sleeve having a certain length, a middle section of the
sleeve can be expanded more than the open end by gas
pressure. In such a case, the thickness W1 of a part of
the sleeve 89 closer to the bottom 32 (left part as viewed
in Fig. 7) may be set larger than the thickness W2 of a
part of the sleeve 89 closer to the open end 34 (right part
as viewed in Fig. 7), so that the part closer to the bottom
32 serves as a high rigidity portion 88. This configuration
allows the open end 34 of the sleeve 89 to be preferen-
tially widened, so that the safety valve functions further
accurately.
[0064] In a case where the sleeve has a high rigidity
portion in a part that overlaps the moving range of the
plunger 51, deformation of the sleeve that can hinder
movement of the plunger 51 is prevented. This prevents
the original function of the electromagnetic valve from
being degraded.
[0065] A high rigidity portion does not need to be pro-
vided by making the sleeve have uneven thickness but
may be provided by subjecting the sleeve to uneven ther-
mal treatment, for example, by quenching or tempering
part of the sleeve. For example, as in the case of a sleeve
31 shown in Fig. 6, the sleeve 31 may be reinforced by
making a part of the insulator 85 contact the outer cir-
cumference of the sleeve 31, so that the sleeve 31 has
a high rigidity portion. The position of a part of the sleeve
where a high rigidity portion is formed may be a part that
is possibly expanded unnecessarily by gas pressure and
may be a middle portion of the sleeve.
[0066] In the safety valve 1 of the first embodiment,
the connection end 6 of the cylinder 4, which is an axial
end opposite to the open end 3, faces the high-pressure
gas passage 2. However, as in the case of a safety valve
90 shown in Fig. 8, a communication passage 92 may
be formed in a side wall 91a of a cylinder 91 to commu-
nicate with a high-pressure gas passage (not shown). An
axial end of the cylinder 91 that is opposite to the open
end 93 may serve as a closed end 94 that is closed by

a bottom 94a.
[0067] As in the case of a safety valve 95 shown in Fig.
9, both axial ends of a cylinder 96 may serve as open
ends 97, 98. In this case, the gas pressure in the cylinder
96 is controlled with high accu racy.
[0068] As in the case of a safety valve 100 shown in
Fig. 10, a coupling shaft 101 may be provided to extend
through the interior 9 of a cylinder 96. The coupling shaft
101 integrally couples plugs 102 and 103 closing open
ends 97 and 98 to each other. In this case, gas pressure
acting on one of the plugs 102, 103 prevents the other
from moving. Accordingly, no component like the restrict-
ing member 16 used in the safety valve 1 shown in Fig.
1 is needed.
[0069] As in the case of a safety valve 105 shown in
Fig. 11, an axial end of a cylinder 91 that is opposite to
an open end 93 may serve as a closed end 94 that is
closed by a bottom 94a. The bottom 94a is integrally
formed with the cylinder 91. Also, a communication pas-
sage 106 may be formed in a plug 107, which closes the
open end 93. The communication passage 106 commu-
nicates with a high-pressure gas passage (not shown).
[0070] A safety valve includes a cylinder having an
open end and a plug for closing the open end with a
hermetic seal. The interior of the cylinder communicates
with a high-pressure gas passage. The cylinder is de-
formed as a function of gas pressure in the high-pressure
gas passage to widen the open end. This allows gas in
the high-pressure gas passage to escape and thus pre-
vents the gas pressure from increasing beyond an ac-
ceptable level.

Claims

1. A safety valve comprising a cylinder having an open
end and a plug for closing the open end with a her-
metic seal, wherein the interior of the cylinder com-
municates with a high-pressure gas passage, the
safety valve being characterized in that the cylinder
is deformed as a function of gas pressure in the high-
pressure gas passage to widen the open end, such
that gas in the high-pressure gas passage escapes
and the gas pressure is prevented from increasing
beyond an acceptable level.

2. The safety valve according to claim 1, further com-
prising a sealing member located between the plug
and the open end, wherein the sealing member is
compressed between the plug and the open end to
form the hermetic seal between the plug and the
open end.

3. The safety valve according to claim 1 or 2, further
comprising a restricting member that restricts the
plug and the cylinder from moving relatively away
from each other.
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4. An electromagnetic valve comprising:

a cylindrical sleeve that is located in a high-pres-
sure gas passage and has an open end;
a plug that closes the open end of the sleeve
with a hermetic seal;
an electromagnetic coil located at a position ra-
dially outside of the sleeve;
a plunger that moves within the sleeve based
on magnetomotive force of the electromagnetic
coil; and
a valve body that opens and closes the high-
pressure gas passage based on movement of
the plunger,
the electromagnetic valve being characterized
in that the electromagnetic valve functions as
a safety valve in which the sleeve is deformed
as a function of gas pressure in the high-pres-
sure gas passage to widen the open end, such
that gas in the high-pressure gas passage es-
capes and the gas pressure is prevented from
increasing beyond an acceptable level.

5. The electromagnetic valve according to claim 4,
wherein the sleeve has a high rigidity portion that is
harder to deform than the open end.

6. The electromagnetic valve according to claim 4 or
5, further comprising a sealing member located be-
tween the plug and the open end, wherein the sealing
member is compressed between the plug and the
open end to form the hermetic seal between the plug
and the open end.

7. The electromagnetic valve according to any one of
claims 4 to 6, wherein a gap is formed at a position
radially outside of the sleeve to permit the open end
of the sleeve to be widened.

13 14 



EP 2 439 433 A2

9



EP 2 439 433 A2

10



EP 2 439 433 A2

11



EP 2 439 433 A2

12



EP 2 439 433 A2

13



EP 2 439 433 A2

14



EP 2 439 433 A2

15



EP 2 439 433 A2

16

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2003240148 A [0002]
• JP 11182722 A [0005]

• JP 59197680 A [0005]
• JP 11151160 A [0005]


	bibliography
	description
	claims
	drawings

