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(57) Abstract: The invention relates to a gas generator, including two reserves (3, 5) of reactive gases, an ignition device (2) capa-
ble of being triggered in order to open the lids (8, 9) of the reserves and initiating combustion of the reactive gases, an orifice (44)
for letting out combustion gas towards the outside. The invention is characterized in that the gas reserve (3), a device (4) for dif-
fusing the combustion gas towards the outside and the second gas reserve (5) are successively positioned along a longitudinal di-
rection (L), a guiding wall (14) being provided in the reserve (3) for guiding the pressure wave generated by the device (2) up to
the lid (8) in order to open this first lid (8), the diffusing device (4) including a conduit (43) for guiding the pressure wave from
the 1id (8) to the lid (13) so as to open the latter, and which communicates with said orifice (44).
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GAS GENERATOR WITH REACTIVE GASES

The invention relates to a gas generator using reactive gases.

A gas generator is used to inflate a safety cushion (airbag) in an
automotive vehicle to protect a person.

In particular, a field of the invention relates to gas generators for
passive frontal or lateral protection, and more particularly to inflatable
cushions of the curtain type.

These gas generators include two gas reserves each containing a
reactive gas. To generate gas externally, the two reserves are opened and
the two reactive gases are allowed to react by combustion to diffuse
combustion gas to the outside, which will be the inflation gas.

One of the problems of reactive-gas gas generators is the weight
gain and the volume gain, which are constraints imposed by automobile
manufacturers.

The invention aims to arrive at a reactive-gas gas generator that
allows these problems to be resolved.

To this effect, a first object of the invention is a reactive-gas gas

generator, including:

a first reserve of pressurized gas delimited by a first wall containing a
first reactive gas and closed by at least one first closing lid capable of being
opened,

a second reserve of pressurized gas containing a second reactive
gas and closed by at least one second closing lid capable of being opened,

an ignition device capable of being triggered in order to open the lids
and initiate combustion of the first reactive gas with the second reactive gas
in order to generate combustion gas,

at least one outlet orifice for letting out the combustion gas towards
the outside,

characterized in that
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the ignition device being provided in a first longitudinal end of the
generator and including means laid out in order to generate a pressure
wave during its triggering,

the ignition device, the first gas reserve, a diffusing device for
diffusing combustion gas towards the outside and the second gas reserve
are successively positioned along a longitudinal direction,

the first closing lid being provided between the first gas reserve and
the diffusing device,

the second closing lid being provided between the diffusing device
and the second gas reserve,

a guiding wall, distinct from the first wall, being provided in the first
gas reserve for guiding the pressure wave generated by the ignition device
up to the first lid in order to open this first lid,

the diffusing device delimiting a conduit for letting through gas, which
is laid out so as to guide the pressure wave from the first lid to the second
lid in order to open this second lid, and which communicates with said
outlet orifice.

Thanks to the invention, it is possible to trigger the generator from a
single ignition device including a single electro-pyrotechnic initiator located
at the longitudinal end, while still having the diffusing device located
between the two longitudinal ends of the generator and between the two
reserves, and for example substantially in the middle along the longitudinal
direction, which is advantageous particularly in narrow surroundings such
as those of inflatable cushions of the curtain type.

According to embodiments of the invention:

- The first and second lids are attached onto first and second sides
of the diffusing device respectively, the conduit opening into the first side
towards the first lid on the one hand and into the second side towards the
second lid on the other hand, the conduit being found in the extension of
the guiding wall.

- The first and second sides of the diffusing device are located inside
the first and second reserves respectively, said orifice being provided on an
outer surface of the diffusing device extending between the first side and
the second side.

- The first outer wall extends towards the diffusing device with a first
inner wall having at least one hole for letting through gas, closed by the first
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lid attached to the first inner wall, the second reserve is delimited by an
outer wall extending towards the diffusing device with a second transverse
inner wall having at least one hole for letting through gas closed by the
second lid attached to the second inner wall.

- The first lid is attached to the first inner wall while being on the side
of the reserve away from the diffusing device.

- The second lid is attached to the second inner wall while being on
the side of the reserve, away from the diffusing device.

- The diffusing device has an outer wall, which delimits the inner
conduit, which includes said at least one outlet orifice and which surrounds
said first and second inner walls of the first and second reserves, formed by
stamping of the first and second outer walls.

- The guiding wall includes at least one hole for letting through gas in
the first reserve.

- The guiding wall includes a shoulder bearing against the diffusing
device and/or against the portion of the first lid attached to the diffusing
device.

- The ignition device includes an electro-pyrotechnic initiator
including electric control pins which are accessible at the first longitudinal
end of the generator and a cap containing a pyrotechnic charge including
one side turned towards a separation wall for separation relatively to the
first reserve, so that the application of an electric control signal to the pins
causes ignition of the pyrotechnic charge of the initiator causing the
breaking of the separation wall and the release of the pressure wave in the
guiding wall upon triggering.

The invention will be better understood upon reading the description
that follows, given purely as a non-limiting example with reference to the
appended drawings, in which:

- Figure 1A is a schematic view in longitudinal section of a gas
generator according to the invention in a first embodiment,

- Figure 1B is a schematic front view of a first longitudinal end of the
generator according to Figure 1A,

- Figures 2, 3 and 4 are schematic views in longitudinal section of
second, third and fourth embodiments of the generator according to the
invention,

- Figure 5 shows a variant of Figure 4.
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In the figures, gas generator 1 includes successively, along a
longitudinal direction L between a first longitudinal end 11 and a second

longitudinal end 12:
- a single electro-pyrotechnic initiator 2, also called an electro-

pyrotechnic igniter,
- afirst reserve 3 of gas under pressure,
- agas diffusing device or gas diffuser 4,
- asecond reserve 5 of gas under pressure.

Reserves 3 and 5 have a shape that is elongated in the longitudinal
direction L. The transverse direction extends in a plane perpendicular to the
longitudinal direction L. Generator 1 has its greatest dimension along this
longitudinal direction L, which is greater than its transverse dimensions.
Gas diffuser 4 is attached between reserves 3 and 5, i.e. between their
respective outside walls 7, 9.

A mixture made up of a first reactive gas and an inert gas under
pressure is stored in reserve 3. A mixture made up of a second reactive gas
different from the first reactive gas, and an inert gas different from or
identical to the inert gas contained in first reserve 3, is stored in reserve 5.
The first reactive gas and the second reactive gas are able to react with
one another by combustion to generate combustion gas. The first reactive
gas is for example hydrogen. The second reactive gas is for example
oxygen. The inert gas in reserves 3 and 5 is for example argon.

Electro-pyrotechnic initiator 2 is provided at longitudinal end 11 and
includes two metal pins 21, 22 accessible from outside at the first end 11
for electrical connection for triggering initiator 2, for example by being
connected to an external electrical triggering circuit, not shown, which
sends a triggering signal in response to the fact that a sensor, not shown,
detects a shock to the automotive vehicle. Pins 21, 22 pass through a
retaining piece 23 including at end 11 a part 230 laterally surrounding a
hollow compartment 231 in which the free end of pins 21, 22 is found in end
11. Piece 23 includes, between its part 230 and bracing part 232, a central
neck 233 which pins 21 and 22 pass through longitudinally and which is
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surrounded laterally by an insert 24 also laterally surrounding parts 230
and 232. Insert 24 allows initiator 2 to be held in place in an end housing
25. Housing 25 includes a part 250 laterally surrounding insert 24 and
forming the outside surface of generator 1 at end 11, this part 250 being
connected by sidewalls 254 to a dome 251 surrounding cap 20 of initiator 2,
this dome 251 being located inside the first reserve 3. Part 232 is borne on
the inside of housing 25, being for example welded to it.

Cap 20 includes a longitudinal side 26, which is the one farthest from
the first end 11 and pins 21, 22 and which is used for igniting the reactive
gases. Facing this side 26, that is remote from the first end 11, is located a
reduced thickness section 252 of dome 251 capable of rupturing when
initiator 2 is ignited, this part 252 serving as a third lid closing reserve 3 and
capable of being opened by initiator 2, this third lid 252 being separate from
the first and second lids 8 and 13. Dome 251 includes a lateral wall 253
transversely surrounding cap 20, this lateral wall being extended
longitudinally by the reduced thickness frontal part 252. Sidewalls 254 of
housing 25, located remotely from dome 251, are attached to a first outside
wall 7 of first reserve 3. Dome 251 thus forms a closed compartment 255
within which is located cap 20 of initiator 2. Part 252 thus constitutes with
electro-pyrotechnic initiator 2 a means of releasing a pressure wave upon
ignition of initiator 2. Part 252 also forms a separating wall 252 with respect
to first reserve 3.

A first lid 8 extending transversely is attached to a first longitudinal
side of diffuser 4 to delimit, with first wall 7 and dome 251, the first reserve
3. Diffuser 4 includes a second longitudinal side 42, more distant from
initiator 2 than from first longitudinal side 41 in the longitudinal direction L.
Second side 42 of diffuser 4 is attached to a second outside wall 9 of
second reserve 5, wherein the second outside wall 9 is attached at second
longitudinal end 12 to a closing device 10. A second transversely extending
lid 13 is attached to the second side 42 of diffuser 4. Lids 8 and 13 are for
example welded respectively to sides 41 and 42 of diffuser 4. Of course,
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lids 8, 13 could also be attached to extensions of walls 7, 9 and forming the
two different sides 41, 42 of diffuser 4.

The second reserve 5 is delimited by second lid 13, second wall 9
and closing device 10. Outside walls 7, 9 of reserves 3, 5 respectively
include a device used for filling the reserves with gas, closed for example
by a plug 71, 91 respectively.

Diffuser 4 is therefore held between first wall 7 and second wall 9.
Diffuser 4 delimits an inside gas passage conduit 43, conduit 43 running
from first side 41 to second side 42 and being closed on the one hand by
first lid 8 and on the other hand by second lid 13. Between sides 41 and 42,
diffuser 4 includes gas exit orifices 44 to the outside, each made up of a
secondary conduit 440 opening on the one hand inside the main conduit 43
and on the other on the outside surface 45 of diffuser 4. A plurality of
orifices 44 is for example distributed over the outside perimeter of wall 45 of
diffuser 4, with radial conduits 440 for example, connecting orifices 44 to
central internal conduit 43. The first and second sides 41, 42 of diffuser 4
are located within the first and second reserves 3, 5 respectively; said
orifice 44 is provided on an outside surface 45 of diffuser 4 extending from
first side 41 to second side 42. Diffuser 4 is for example annular around
conduit 43, with for example a cylindrical and circular outside peripheral
surface 45.

A pressure wave guide 14 is provided between dome 251 and first lid
8 to guide the pressure wave released by part 252 upon ignition of initiator
2 up to first lid 8 so as to open this first lid 8, then retain enough energy to
open the second lid 9. Guide 14 is made up of a wall 14 separate from first
wall 7 and located within first reserve 3. Wall 14 includes a first part 141 at
least partly surrounding the lateral wall 253 of dome 251. Wall 14 is for
example attached to lateral wall 25, being for example shrunk onto it. The
reduced thickness portion 252 is located in the interior space 142 delimited
by this first part 141 within first reserve 3. The first part 141 is connected to
a second part 143 of wall 14 leading to first lid 8. Second part 143 of guide
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wall 14 has for example a smaller cross-section area than that of first part
141, being connected to it by a third tapered part 144 so as to focus the
pressure wave from first part 141 to second part 143. Conduit 43 is aligned
with the direction of propagation of the pressure wave in guide 14. Walls 7,
9, 14 extend along the longitudinal direction L and are for example tubular.
Wall 14 and inside conduit 43 are for example both parallel to the
longitudinal direction L.

Second part 143 delimits a second pressure wave guide
compartment 145 located in the longitudinal extension of inside conduit 43
of diffuser 4. Inside conduit 43 of diffuser 4 has a geometry allowing the
pressure wave to be guided from first side 41 to second side 42 and is
therefore a waveguide. Section 143 of guide 14 has an inside transverse
width that is smaller than the inside transverse width of inside conduit 43 of
diffuser 4.

One or more through holes 146 are provided in guide wall 14 to
allow passage to the gases contained in first reserve 3. Consequently,
inside compartments 142 and 145 of wall 14 are also used for storing gas
from reserve 3, these gases therefore being located inside and outside of
guide wall 14. The inside cross-section area of guide wall 14 is greater than
the cross-section area of passage hole(s) 146.

The operation of the gas generator is as follows.

Using an external electrical control circuit, an electrical triggering
signal is applied to pins 21, 22 of initiator 2, which ignites a pyrotechnic
charge contained in cap 20. Cap 20 then opens, as a result of the
combustion of its pyrotechnic charge, on its side 26 in the longitudinal
direction S facing the reduced thickness section 252 of dome 251. The
pressure generated by the ignition of initiator 2 within compartment 255
delimited by done 251 causes the rupture of reduced thickness section 252
and the release of a pressure wave in the longitudinal direction S. This
pressure wave is then guided by wall 14 to the first lid 8. The pressure
wave then breaks first lid 8, and then propagates in longitudinal direction S
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within inside conduit 43 of diffuser 4 to arrive at the second lid 13. The
pressure wave then breaks second lid 13.

The gases contained in the two reserves 3 and 5 can then mix by
passing through internal conduit 43 of diffuser 4. The ignition of initiator 2
also causes hot particles to be projected through the broken reduced
thickness section 252 into internal compartments 141 and 145 of guide 14
and through the broken first lid 8 into internal conduit 43 of diffuser 4.
These hot particles then cause the combustion of the first reactive gas with
the second reactive gas in internal conduit 43, thus generating third
combustion gases which then escape through orifices 44 into the interior of
generator 1. Reserves 3 and 5 are then totally drained through orifices 44
even if, as a result of the kinematics of the opening of the gas reserves,
there will be gases coming from reserve 7 in particular which will be
diffused by orifices 44 without having reacted within the diffuser.

Guide wall 14, separate from outside wall 7 delimiting first reserve 3,
prevents the propagation of the pressure wave within the whole first reserve
3 and against first wall 7, which allows the thickness of this first wall 7 to be
reduced because it needs less ability to resist the pressure wave. Thus, full
pressurization of first reserve 3 is avoided as much as possible. In fact, a
correct match is required between the thickness of first wall 7, and therefore
its mass, and the maximum internal pressure attained in reserve 3. The
propagation of the pressure wave and its reflection against first wall 7 is
thus avoided.

Furthermore, the energy losses connected with the geometric
propagation of the incident wave emitted by ignition device 2 will be
noticeably reduced by the addition of guide 14. As a result, the pyrotechnic
charge of ignition device 2 can be considerably reduced. In addition, hot
particles emitted by initiator 2 are prevented from remaining in first reserve
3. All the hot particles from initiator 2 are directed outside first reserve 3.

For an initiator having a pyrotechnic charge of 535 milligrams and
gas reserves 3 and 5 with an outside diameter of 25 mm, overall
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pressurization reaches 140 MPa at ambient temperature (about 20°C), or
about 170 MPa at high temperature at ignition time. The addition of guide
wall 14 allows a reduction on the order of 50% in the mass of first reserve 3
(including pressure wave guide 14). In addition, the pressure gain at the
two lids 8 and 13 is in a ratio of two, which allows an equal reduction in the
pyrotechnic mass of initiator 2 and hence the pressure in guide 14, hence a
complementary gain in mass.

As compared with the state of the art, a more compact and lighter
generator is obtained, at lower cost, having a small number of components.

The process for obtaining the components is simple (tube, stamping).
The process for manufacturing the generator is well established (laser or
impact welding). The opening time for the gas reserves is reduced.

It is thus possible to open both lids 8 and 13 of reserves 3 and 5 by a
single pressure wave, without over-pressurizing gas reserves 3 and 5.

For example, the densest gas is located in first reserve 3 (oxygen)
while the less dense gas (hydrogen or helium) is located in second reserve
5 so that the pressure wave can have more energy within guide 14. It is
thus possible to open with a single initiator and a single guide two lids
closing two reserves with the initiator located in communication with only
one of the two reserves (reserve 3 in the foregoing). Internal conduit 43 of
diffuser 4 is provided to open the second lid 13 and overcome the back-
pressure of second reserve 5.

Second reserve 5 contains a gas flow reduction device 51, made up
for example of a transverse wall 510 perforated with through-holes 511,
transverse wall 510 being held to the inside surface of wall 9 by a
longitudinal wall 512 connected to wall 510 and located for example against
second side 42 around second lid 13.

Pressure-wave guide 14 includes a shoulder 147 around its
downstream end opening against first lid 8 on first side 41. This shoulder
147, being located against first side 41 in the longitudinal direction S,
prevents guide wall 14 from moving when initiator 2 is ignited.
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In the embodiment shown in Figures 1A, 1B and 3, shoulder 147
bears on the part of first lid 8 that is attached to first side 41 of diffuser 4,
and has a transverse width that is less than the inside transverse width of
wall 7 to leave space between it and this wall 7.

In the embodiment shown in Figures 3 and 4, gas passage hole(s)
146 through wall 14 (is) are provided in its first part 141 surrounding the
reduced thickness section 252, facing it in longitudinal direction S.

In the embodiment shown in Figure 1A, gas passage hole(s) 146
through wall 14 (is) are located in second part 143, near first lid 8 for
example.

In the embodiment shown in Figure 2, shoulder 147 is extended by a
section 148 delimiting an internal compartment 149 with the lid 8.
Consequently, part 143 of guide wall 14 opens into internal compartment
149 which is therefore in communication with internal compartment 145.
Section 148 bears on the part of lid 8 that is attached to first side 41 of
diffuser 4 and is spaced away from the inner surface of wall 7. The
transverse width of part 143 is for example less than the transverse width of
internal conduit 43 of diffuser 4, while facing it in the longitudinal direction
L. Gas passage hole(s) 146 are for example provided in shoulder 147
spaced away from lid 8 and first side 41.

In the embodiment of Figure 2, part 143 has an inside transverse
width that is smaller than in the other Figures 1A, 1B, 3 and 4, which allows
even more focusing of the pressure wave toward lids 8 and 13.

In the embodiment shown in Figure 4, lids 8, 13 are attached, not to
diffuser 4 but to reserves 3 and 5. Reserve 3 has its outside wall 7
extended toward diffuser 4 by an internal transverse wall 72 in which there
is a gas passage hole 73. First lid 8 is attached to the internal wall 72 so as
to close hole 73 and reserve 3. Inside wall 72 therefore forms the first
distinct side 41 of diffuser 4. Lid 8 is attached to wall 72 for example by
being on side 41 of reserve 3, spaced away from diffuser 4. Reserve 5 has
its outside wall 9 extended toward diffuser 4 by an internal transverse wall
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92 in which there is a gas passage hole 93. The second lid 13 is attached
to wall 92 so as to close hole 93 and reserve 5. Inside wall 92 therefore
forms the second distinct side 42 of diffuser 4. Lid 13 is attached to wall 92
for example by being on side 42 of reserve 5, spaced away from diffuser 4.
Diffuser 4 has its outside wall 45 delimiting internal conduit 43 between
walls 72 and 92 by surrounding them and being attached to walls 7 and 9.
Hole 73 opens into internal compartment 145 of guide wall 14, so that the
pressure wave sent into wall 14 breaks lid 8, passes through hole 73, then
conduit 43 and hole 93, then breaks lid 13. The thickness of wall 45 of
diffuser 4 can be reduced to its absolute minimum. For example, reserves
3, 5 are stamped to form walls 72, 92. For example, orifices 44 may be also
distributed lengthwise along wall 45 of diffuser 4. Diffuser 4 is for example
formed from a simple tube perforated with orifices 44 on its wall 45. Holes
73, 93 are aligned along the direction of propagation of the pressure wave
in guide 14.

Of course, lids 8, 13 can be independently attached to the outside or
the inside of reserves 3 and 5.

Figure 5 shows a variant of Figure 4. In Figure 5, only walls 7, 9 and
diffuser 4 are shown, the other elements of the generator, not shown, being
identical to those in Figure 4. In Figure 5, diffuser 4 is made up of a
stamped tube including outside wall 45 extended by a stamped portion
constituting wall 92 making up second side 42 having hole 93. Wall 9 is
attached to wall 45 by surrounding wall 92.
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CLAIMS

1. A gas generator with reactive gases, including

a first reserve (3) of pressurized gas delimited by a first wall (7)
containing a first reactive gas and closed by at least one first closing lid (8)
capable of being opened,

a second reserve (5) of pressurized gas containing a second
reactive gas and closed by at least one second closing lid (9) capable of
being opened,

an ignition device (2) capable of being triggered in order to open the
lids (8, 9) and initiate combustion of the first reactive gas with the second
reactive gas in order to generate combustion gas,

at least one outlet orifice (44) for letting out the combustion gas
towards the outside,

characterized in that

the ignition device (2) being provided in a first longitudinal end (11)
of the generator and including means (252) laid out in order to generate a
pressure wave during its triggering,

the ignition device (2), the first gas reserve (3), a diffusing device (4)
for diffusing combustion gas towards the outside and the second gas
reserve (5) are successively positioned along a longitudinal direction (L),

the first closing lid (8) being provided between the first gas reserve
(3) and the diffusing device (4),

the second closing lid (13) being provided between the diffusing
device (4) and the second gas reserve (5),

a guiding wall (14), distinct from the first wall (7), being provided in
the first gas reserve (3) for guiding the pressure wave generated by the
ignition device (2) up to the first lid (8) in order to open this first lid (8),

the diffusing device (4) delimiting a conduit (43) for letting through
gas, which is laid out so as to guide the pressure wave from the first lid (8)
to the second lid (13) in order to open this second lid (13), and which
communicates with said outlet orifice (44).

2. The gas generator according to claim 1, characterized in that
the first and second lids (8, 13) are attached onto first and second sides
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(41, 42) of the diffusing device (4) respectively, the conduit (43) opening
into the first side towards the first lid (8) on the one hand and into the
second side (42) towards the second lid (13) on the other hand, the conduit
(43) being found in the extension of the guiding wall (14).

3. The gas generator according to claim 2, characterized in that
the first and second sides (41, 42) of the diffusing device (4) are located
inside the first and second reserves (3, 5) respectively, said orifice (44)
being provided on an outer surface (45) of the diffusing device (4)
extending between the first side (41) and the second side (42).

4. The gas generator according to claim 1, characterized in that
the first outer wall (7) extends towards the diffusing device (4) with a first
inner wall (72) having at least one hole (72) for letting through gas, closed
by the first lid (8) attached to the first inner wall (72), the second reserve is
delimited by an outer wall (9) extending towards the diffusing device (4)
with a second transverse inner wall (92) having at least one hole (93) for
letting through gas closed by the second lid (13) attached to the second
inner wall (92).

5. The gas generator according to claim 4, characterized in that
the first lid (8) is attached to the first inner wall (72) while being on the side
(41) of the reserve (5) away from the diffusing device (4).

6. The gas generator according to claim 4 or 5, characterized in
that the second lid (9) is attached to the second inner wall (92) while being
on the side (42) of the reserve (5), away from the diffusing device (4).

7. The gas generator according to any of claims 4 to 6,
characterized in that the diffusing device (4) has an outer wall (45), which
delimits the inner conduit (43), which includes said at least one outlet orifice
(44) and which surrounds said first and second inner walls (72, 92) of the
first and second reserves (3, 5), formed by stamping of the first and second
outer walls (7, 9).
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8. The gas generator according to any of the preceding claims,
characterized in that the guiding wall (14) includes at least one hole (146)
for letting through gas in the first reserve (3).

9. The gas generator according to any of the preceding claims,
characterized in that the guiding wall (14) includes a shoulder (147) bearing
against the diffusing device (4) and/or against the portion of the first lid (8)
attached to the diffusing device (4).

10. The gas generator according to any of the preceding claims,
characterized in that the ignition device includes an electro-pyrotechnic
initiator (2) including electric control pins (21, 22) which are accessible at
the first longitudinal end (11) of the generator and a cap (20) containing a
pyrotechnic charge including one side (26) turned towards a separation wall
(252) for separation relatively to the first reserve (3), so that the application
of an electric control signal to the pins (21, 22) causes ignition of the
pyrotechnic charge of the initiator (2) causing the breaking of the
separation wall (252) and the release of the pressure wave in the guiding
wall (14) upon triggering.
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