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(57) ABSTRACT

The invention relates to a valve device (100) for a gaseous
medium, in particular hydrogen, comprising a valve housing
(6) and a solenoid armature (14) which is arranged in the
valve housing and can move along the longitudinal axis (18)
and which interacts with a first sealing seat (32) in order to
open and close an outlet opening (40). Furthermore, the
valve housing (6) is equipped with a second solenoid
armature (16) which can be moved along the longitudinal
axis (18) and which is at least partly received in a recess (38)
of the first solenoid armature (14), and the second solenoid
armature (16) interacts with a second sealing seat (34) in
order to open and close an outlet opening (20) formed in the
first solenoid armature (14). The first solenoid armature (14)
and the second solenoid armature (16) are additionally
surrounded by a magnet device (11), by means of which the
first solenoid armature (14) and the second solenoid arma-
ture (16) can be moved along the longitudinal axis (18) using
precisely one solenoid (10).
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VALVE DEVICE FOR A GASEOUS MEDIUM,
AND TANK DEVICE FOR STORING A
GASEOUS MEDIUM

BACKGROUND OF THE INVENTION

[0001] The invention relates to a valve apparatus for a
gaseous medium and to a tank apparatus for a fuel cell tank,
in particular for storing hydrogen, for example for use in
vehicles with a fuel cell drive.

[0002] DE 10 2018 209 057 Al, which is not a prior
publication, describes a tank apparatus for thermally acti-
vated pressure relief of a fuel cell tank, wherein the tank
apparatus comprises tank containers having various valves,
such as for example a shut-off valve, which ensure proper
functioning for example of a fuel cell system.

[0003] The safety apparatuses for such a tank apparatus
are standardized. Here, each tank apparatus must have such
a shut-off valve. In this way, in the event of damage to the
tank apparatus caused by an accident involving a vehicle
with a fuel cell drive or in the event of breakage of a line of
the tank apparatus, the shut-off valve can close off the tank
containers, so that no gas can exit the storage unit.

[0004] Owing to the high safety requirements for the
shut-off valves and owing to high system pressures of for
example 800 bar or more, such shut-off valves present great
challenges in terms of construction and have a large struc-
tural space. This in turn increases the overall weight of the
tank apparatus as a whole, which, in the event of an accident
involving a vehicle with a fuel cell drive, can result in large
active acceleration forces and possible deformations of the
valve apparatus or the tank apparatus.

SUMMARY OF THE INVENTION

[0005] The valve apparatus according to the invention has
by contrast the advantage that, with structurally simple
functioning, the structural space of the valve apparatus is
reduced through use of a double-stroke switching valve.
[0006] For this purpose, the valve apparatus according to
the invention for a gaseous medium, in particular hydrogen,
has a valve housing in which a first magnet armature, which
is movable along a longitudinal axis, is arranged. The first
magnet armature interacts with a first sealing seat for
opening and closing an outlet opening. Furthermore, a
second magnet armature, which is movable along a longi-
tudinal axis, is arranged in the valve housing, said second
magnet armature being received at least partially in a recess
of the first magnet armature, and said second magnet arma-
ture interacting with a second sealing seat for opening and
closing a passage opening formed in the first magnet arma-
ture. Furthermore, the first magnet armature and the second
magnet armature are comprised by a magnet device, by way
of which magnet device the first magnet armature and the
second magnet armature are movable along the longitudinal
axis by means of exactly one magnet coil.

[0007] The use of only one magnet coil results in a
reduction of the structural space and in the total weight of
the valve apparatus being achieved. Furthermore, owing to
the use of two magnet armatures interacting with one
another, no control spaces are necessary, whereby structural
space is also minimized. Additionally, owing to the double-
stroke switching valve with two magnet armatures, for the
opening of the valve apparatus, a small magnetic force is
sufficient.

Feb. 17, 2022

[0008] In a first advantageous refinement, it is provided
that the magnet coil has a coil housing and at least partially
surrounds the first magnet armature and the second magnet
armature in the valve housing. In this way, with an active
magnet coil, a magnetic force acting on the first magnet
armature and the second magnet armature can be generated
in a simple manner.

[0009] In a further configuration of the invention, it is
advantageously provided that a spring is arranged in the
valve housing, which spring subjects the second magnet
armature to a force in the direction of the second sealing
seat, whereby the first magnet armature is subjected to a
force in the direction of the first sealing seat.

[0010] In an advantageous refinement, a stop element is
arranged in the valve housing, on which stop element the
first sealing seat is formed. Advantageously, a flow cross
section at the first sealing seat is larger than a flow cross
section at the second sealing seat. In this way, the second
magnet armature is longitudinally movable in a simple
manner and by a small magnetic force and, when lifting off
from the second sealing seat, opens a flow cross section via
the second sealing seat. As a result of the consequently
changing pressure conditions in the valve apparatus, the
opening of the first sealing seat and thus the longitudinal
movement of the first magnet armature are sped up and the
required magnitude of the magnetic force can thus be
reduced.

[0011] In a further configuration of the invention, it is
advantageously provided that the first magnet armature has
a shoulder, which shoulder interacts with a shoulder of the
second magnet armature, and, during a longitudinal move-
ment of the second magnet armature, the latter serves as a
driver for the first magnet armature. This makes it possible
for the opening of the first sealing seat and thus the longi-
tudinal movement of the first magnet armature to be sped up.
[0012] In advantageous uses, the valve apparatus may be
used in a tank apparatus for storing a gaseous medium, in
particular hydrogen, that has a tank. Advantageously, the
tank comprises a tank housing with a neck region, in which
neck region the valve apparatus is arranged, wherein the
valve housing is integrated at least partially into the tank
housing, and the valve housing seals off a tank interior space
of the tank by means of a sealing element.

[0013] Consequently, by way of the valve apparatus, a
throughflow cross section for gaseous medium, in particular
hydrogen, from the tank is advantageously controllable.
[0014] The tank apparatus described is preferably suitable
in a fuel cell arrangement for storing hydrogen for the
operation of a fuel cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The drawing illustrates exemplary embodiments of
a valve apparatus according to the invention for a gaseous
medium, in particular hydrogen, and a tank apparatus
according to the invention for storing a gaseous medium. In
the drawing:

[0016] FIG. 1 shows, in longitudinal section, a first exem-
plary embodiment of a valve apparatus according to the
invention in a tank apparatus,

[0017] FIG. 2 shows, in longitudinal section, a second
exemplary embodiment of a valve apparatus according to
the invention in a tank apparatus.
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DETAILED DESCRIPTION

[0018] FIG. 1 shows, in longitudinal section, a first exem-
plary embodiment of a valve apparatus 100 according to the
invention for a gaseous medium, in particular hydrogen, in
a tank apparatus 1 according to the invention for storing a
gaseous medium, in particular hydrogen.

[0019] The valve apparatus 100 has a valve housing 6 with
a longitudinal axis 18. An inlet opening 22 and an outlet
opening 40 are formed in the valve housing 6 and open into
an interior space 42. A magnet coil 10 with a coil housing 8
is furthermore arranged in the valve housing 6. The valve
housing 6 furthermore comprises a stop element 12 which is
surrounded by the coil housing 8 and which, by means of
sealing elements 24, seals off the magnet coil 10 with respect
to the interior space 42.

[0020] A first magnet armature 14, which is movable
along the longitudinal axis 18, is arranged in the interior
space 42 and, by way of a formed-on portion 44, interacts
with a first sealing seat 32 for opening and closing the outlet
opening 40. The first sealing seat 32 is formed here on a
shoulder 48 of the stop element 12. A passage opening 20 is
formed in the first magnet armature 14 and, at that end of the
first magnet armature 14 which faces away from the first
sealing seat 32, opens into a recess 38.

[0021] A second magnet armature 16, which is movable
along the longitudinal axis 18, is received in the recess 38
and, by way of a formed-on portion 46, interacts with a
second sealing seat 34 for opening and closing the passage
opening 20 in the first magnet armature 14. The second
sealing seat 34 is formed on the first magnet armature 14.

[0022] By means of a spring 30 which is arranged in a
recess 50 of the valve housing 6 and is supported between
the second magnet armature 16 and the valve housing 6, the
second magnet armature 16 is subjected to a force in the
direction of the second sealing seat 34 such that the second
magnet armature 16 bears on the second sealing seat 34. The
passage opening 20 is consequently closed.

[0023] Due to the operative relationship between the first
magnet armature 14 and the second magnet armature 16, the
first magnet armature 14 is pushed against the first sealing
seat 32 by means of the spring 30, with the result that the
outlet opening 40 is closed.

[0024] The interior space 42 is divided by the first magnet
armature 14 and the second magnet armature 16 into an
outer ring space 422, an inner ring space 420 and a spring
space 421. Here, the outer ring space 422 is delimited by the
stop element 12 and the first magnet armature 14, whereas
the inner ring space 420 is delimited by the first magnet
armature 14 and the second magnet armature 16.

[0025] Both the inner ring space 420 and the outer ring
space 422 open into the spring space 421, wherein the spring
space 421 comprises the recess 50 of the valve housing 6 and
transitions into the inlet opening 22.

[0026] The valve apparatus 100 is part of a tank apparatus
1 with a tank 2. The tank 2 has a tank housing 3 in which a
tank interior space 4 is formed. The tank housing 3 has a
neck region 28 in which the valve apparatus 100 is arranged.
Here, the latter is integrated into the tank housing 3 and, in
the process, closes off the tank interior space 4 to the outside.
By means of seal elements 26 between the valve housing 6
of'the valve apparatus 100 and the tank housing 3 of the tank
2, the tank interior 4 is sealed off, with the result that gaseous
medium, in particular hydrogen, can flow into or out of the
tank 2 only via the valve apparatus 100.
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[0027] The first magnet armature 14 and the second mag-
net armature 16 form, together with the magnet coil 10 and
the coil housing 8, a magnet device 11.

[0028] Here, a flow cross section of the gaseous medium
at the first valve seat 32 is larger than a flow cross section
of the gaseous medium at the second valve seat 34 since the
diameter of the cylindrical outlet opening 40 is larger than
the diameter of the cylindrical passage opening 20.

[0029] Functioning of the Valve Apparatus

[0030] If the magnet coil 10 is not electrically energized,
the first valve seat 32 and the second valve seat 34 are closed
by the force of the spring 30, with the result that the
connections between the outer ring space 422 and the outlet
opening 40 and between the inner ring space 420 and the
passage opening 20 are closed. Consequently, it is also the
case that no gaseous medium can flow from the tank interior
space 4 in the direction of a system, for example a fuel cell
arrangement, via the inlet opening 22 and the outlet opening
40. High pressure of for example 700 bar prevails in the tank
interior space 4. By contrast, low pressure prevails in the
fuel cell arrangement.

[0031] If the magnet coil 10 is electrically energized, then
a magnetic force acting on the first magnet armature 14 and
the second magnet armature 16 is generated, said magnetic
force being directed counter to the force of the spring 30 and
the pressure forces on the first sealing seat 32 and on the
second sealing seat 34. The smaller seat diameter at the
second sealing seat 34 in comparison with the seat diameter
at the first sealing seat 32 has the result that a smaller
magnetic force is required for the opening of the second
sealing seat 34 than for the opening of the first sealing seat
32. For a sufficiently large magnetic force, the second
magnet armature 16 lifts off from the second sealing seat 34
and opens up the passage opening 20.

[0032] Gaseous medium then flows, via the inlet opening
22, the second sealing seat 34, the passage opening 20 and
the outlet opening 40, from the tank interior space 4 out of
the tank 2 in the direction of a system, for example a fuel cell
arrangement. In this way, the pressure in the system
increases, which results in the pressure difference at the first
sealing seat 32 being reduced. As a result of the reduction in
the pressure difference at the first sealing seat 32, the force
which is counter to the magnetic opening force is also
reduced. The increasing reduction in the pressure difference
leads to opening of the first sealing seat 32. The first magnet
armature 14 is thus lifted off from the first sealing seat 32
and, in this way, opens a connection between the outlet
opening 40 and the outer ring space 422. Gaseous medium,
hydrogen in this case, then flows, via the inlet opening 22,
the outer ring space 422, the first sealing seat 32 and the
outlet opening 40, from the tank interior space 4 out of the
tank 2 in the direction of a fuel cell of the fuel cell
arrangement.

[0033] If it is intended for the supply of hydrogen to the
fuel cell to be interrupted, the magnet coil 10 is no longer
electrically energized, with the result that the magnetic force
is reduced and the second magnet armature 16, by the force
of the spring 30, is moved in the direction of the second
sealing seat 34, and closes the latter, again. Here, the second
magnet armature 16 acts as a driver for the first magnet
armature 14, such that the first sealing seat 32 is also closed
again.

[0034] The diameter at the first sealing seat 32 and the
stroke of the first magnet armature 14 are advantageously
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configured in such a way that the fuel cell is provided with
a sufficient mass flow of hydrogen in all operating states.
Moreover, in this way, in the case of the tank 2 being filled
with gaseous medium, hydrogen in this case, in which the
flow direction is from the outlet opening 40 in the direction
of the inlet opening 22, the tank 2 can be filled in a short
period of time, for example in a few minutes.

[0035] FIG. 2 shows, in longitudinal section, a second
exemplary embodiment of the valve apparatus 100 accord-
ing to the invention for a gaseous medium, in particular
hydrogen, in the tank apparatus 1 according to the invention
for storing a gaseous medium, in particular hydrogen.
[0036] In terms of function and structure, the second
exemplary embodiment corresponds substantially to the first
exemplary embodiment. Components of identical function
have been denoted by the same reference signs.

[0037] In the second exemplary embodiment, the first
magnet armature 14 has a shoulder 36 which interacts with
a shoulder 52 of the second magnet armature 16. Conse-
quently, when the second sealing seat 34 opens, the second
magnet armature 16 acts, during its longitudinal movement,
as a driver for the first magnet armature 14, whereby the
opening of the first sealing seat 32 is sped up.

1. A valve apparatus (100) for a gaseous medium, the
valve apparatus having a valve housing (6) and having a first
magnet armature (14) which is arranged therein and which
is movable along a longitudinal axis (18), said first magnet
armature (14) interacting with a first sealing seat (32) for
opening and closing an outlet opening (40), wherein a
second magnet armature (16), which is movable along the
longitudinal axis (18), is arranged in the valve housing (6),
said second magnet armature (16) being received at least
partially in a recess (38) of the first magnet armature (14),
and said second magnet armature (16) interacting with a
second sealing seat (34) for opening and closing a passage
opening (20) formed in the first magnet armature (14),
characterized in that the first magnet armature (14) and the
second magnet armature (16) are comprised by a magnet
device (11), by way of which magnet device (11) the first
magnet armature (14) and the second magnet armature (16)
are movable along the longitudinal axis (18) by means of
exactly one magnet coil (10).
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2. The valve apparatus (100) as claimed in claim 1,
characterized in that the magnet coil (10) has a coil housing
(8), and the magnet coil (10) at least partially surrounds the
first magnet armature (14) and the second magnet armature
(16) in the valve housing (6).

3. The valve apparatus (100) as claimed in claim 1,
characterized in that a spring (30) is arranged in the valve
housing (6), which spring (30) subjects the second magnet
armature (16) to a force in the direction of the second sealing
seat (34), whereby the first magnet armature (14) is sub-
jected to a force in the direction of the first sealing seat (32).

4. The valve apparatus (100) as claimed in claim 1,
characterized in that a stop element (12) is arranged in the
valve housing (6), on which stop element (12) the first
sealing seat (32) is formed.

5. The valve apparatus (100) as claimed in claim 1,
characterized in that a flow cross section at the first sealing
seat (32) is larger than a flow cross section at the second
sealing seat (34).

6. The valve apparatus (100) as claimed in claim 1,
characterized in that the first magnet armature (14) has a
shoulder (36), which shoulder (36) interacts with a shoulder
(52) of the second magnet armature (16), and, during a
longitudinal movement of the second magnet armature (16),
the latter serves as a driver for the first magnet armature (14).

7. A tank apparatus (1) for storing a gaseous medium, the
tank apparatus having a tank (2) and having a valve appa-
ratus (100) as claimed in claim 1.

8. The tank apparatus (1) as claimed in claim 7, charac-
terized in that the tank (2) comprises a tank housing (3) with
a neck region (28), in which neck region (28) the valve
apparatus (100) is arranged, wherein the valve housing (6)
is integrated at least partially into the tank housing (3), and
the valve housing (6) seals off a tank interior space (4) of the
tank (2) by means of a sealing element (26).

9. The tank apparatus (1) as claimed in claim 7, wherein
the valve apparatus (100) is configured to control a through-
flow cross section for gaseous medium from the tank (2).

10. A fuel cell arrangement having a tank apparatus (1) as
claimed in claim 7 for storing hydrogen for the operation of
a fuel cell.



