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(54) Apparatus for inflating a vehicle occupant restraint

(57) An apparatus for inflating a vehicle occupant restraint includes containing means 14c for a combustible
mixture of gases. An igniter 24c is activated to effect ignition of the mixture of gases in response to sudden
vehicle deceleration. A directing means directs a flow of gas from the containing means into the infiatable
occupant restraint. In the preferred embodiment the gases are an inert gas, a fuel gas e.g. hydrogen of
methane, and an oxidizer gas e.g. oxygen. Also, a lean mixture of a fuel gas and oxidizer gas could be used. An
igniter transmits energy through an imperforate portion of a wall 160 of the containing means to ignite a
charge 180, 182, 206 in the containing means. The igniter may include an elongate core 204 disposed in a
frangible sheath 202 which is shattered as the core is burned.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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APPARATUS FOR INFLATING
A VEHICLE OCCUPANT RESTRAINT

Field of the Invention
The present invention relates to a new and improved
apparatus for inflating an inflatable device such as a

vehicle occupant restraint.

Background of the Invention
Known structures for inflating a vehicle occupant
restraint are disclosed in U.S. Patents Nos. 3,806,153,
3,868,124 and 3,895,821. 1In each of the structures
disclosed in these patents, air, or other gas, and solid

gas generating material are stored in a container. Upon
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the occurrence of a high rate of vehicle deceleration
indicative of a collision, the gés in the container is
released to inflate a vehicle occupant restraint which
restrains a vehicle occupant during, the collision. Also,
upon the occurrence of a high rate Bf vehicle deceleration
which is indicative of a vehiclescollision, the gas
generating material is ignited. As the gas generating
material burns, it forms hot gases or vapors which heat and
mix with the stored gas, and the heated mixture of gases

flows into the occupant restraint.

Summary of the Invention

The present invention provides a new and improved
apparatus for inflating an inflatable device such as a
vehicle occupant restraint. The apparatus includes a
containing means for receiving gases to provide a
combustible mixture of the gases. The apparatus aléo
includesran igniter means for igniting the mixture of gases
to ﬁarm and increase the pressure of gas in the containing
means. The apparatus further includes a directing means
which directs gas from the containihg means to the
inflatable device.

Preferably, the mixture of gases includes an inert
gas, a flammable fuel gas and an oxidizer gas. The inert
gas is preferably nitrogen or argon or a mixture of
nitrogen and argon. The fuel gas is preferably hydrogen or
methane or a mixture of hydrogen and methane but may be any

other flammable gas. The oxidizer gas is preferably
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oxygen. Alternatively, the inert gas can be eliminated and
a combustible gas mixture that ié very fuel lean could be

used. A small amount of an inert tracer gas such as helium
may also be added to assist in lea& checking the apparatus.

The containing means may take a variety of different
forms. In one embodiment of thgxinvention, the containing
means is a single container fér containing the inert gas,
the fuel gas, and the oxidizer gas as a mixture of gases.
Alternatively, the single container may contain the very
fuel lean combustible gas mixture.

In another embodiment, a first container contains the
fuel gas, a second container contains the oxidizer gas, and
the containing means defines a combustion chamber which
receives the fuel gas and oxidizer gas and in which the
mixture of gases is ignited. In this embodiment the amount
of oxidizer gas used is in excess of a stoichiometric
amount to support combustion of the fuel gas.

In accordance with the present invention, the rate of
inflation of the inflatable device can be controlled to .
provide a desired volume 6f the inflatable device at a
given time after ignition .of the fuel gas. The rate of
inflation of and the pressure in the inflatable device can
be controlled by selecting the amount of fuel gas and
oxidizer gas to yield, a desired burning rate which in turn
determines the predetermined volumetric rate of flow of
warm gas into the inflatable device. Alternatively or

additionally, the rate of inflation can be controlled by
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flow control orifices or the like through which the gas
flbws into the inflatable device. Another technique for
controlling the time required for inflation is to change
the number of locations in the conpaining means at which
the fuel gas is ignited.

An improved igniter means is provided for igniting a
mixture of gases. The ignitef means is operable to
transmit energy through an imperforate wall portion of the
containing means. The energy transmitted through the
imperforate wall portion of the containing means effects
ignition of ignitable material in the containing means.
Specifically, an ignitable charge located adjécent to an
outer side of the imperforate wall portion of the
containing means is ignitable to cause ignition of an
ignitable charge which is dispoéed adjacent to an inner
side of the imperforate wall portion of the containing
means. In accordance with another feature of the igniter
means, an elongated core in a frangible sheath is disposed
in the containing means. The elongated core is ignited
with a resuiting shattering of the sheath and spewing of

incandescent reaction products into the containing means.

Brief Description of the Drawings
The foregoing and other features of the present
invention will become apparent to those skilled in the art
to which the present invention relates from reading the

following specification with reference to the accompanying

drawings, in which:

@
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Fig. 1 is a schematic illustration of one embodiment
of the present invention; |

Fig. 2 is a schematic illustration of a second
embodiment of the present invention;

Fig. 3 is a schematic illus:rétion of a thixd
embodiment of the present invention;

Fig. 4 is a sectional viéw of part of a vehicle
occupant safety apparatus constructed in accordance with
the present invention;

Fig. 5 is a graphic illustration of performance
characteristics of a typical vehicle occupant safety
apparatus constructed in accordance with the invention;

Fig. 6 is a schematic illustration of a fourth
embodiment of the present invention;

Fig. 7 is a schematic illustration of a fifth
embodiment of the present invention;

Fig. B8 is an enlarged fragmentary schematic
illustration of a portion of the apparatus of Fig. 7; and

~Fig. 9 is a sectional view, taken generally along the
line 9-9 of Fig. 8.

Description of
Embodiments of the Invention

Embodiment I

The present invention may be embodied in a number of

different structures. As representative, Fig. 1
illustrates the present invention as embodied in a vehicle

occupant safety apparatus 10. The vehicle occupant safety
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apparatus 10 includes an inflatable .vehicle occupant
restraint 12 and apparatus for inflating the vehicle
occupant restraint.

Upon the occurrence of a high rate of vehicle
deceleration which is indicative of a vehicle collision,
the vehicle occupant restraintrla‘is inflated to restrain
movement of an occupant of thé vehicle. The inflatable

vehicle occupant restraint 12 is inflated into a location

"in the vehicle between the occupant and certain parts of

the vehicle, such as the steering wheel, instrument panel
or the like, before the occupant moves relative to those
parts and forcibly strikes the parts during a vehicle
collision. The inflated vehicle occupant restraint 12
absorbs kinetic energy of the occupant’s movement and
restrains the occupant’s movement so that the occupant does
not forcibly strike parts of the vehicle. Such a vehicle
occupant rgstraint may be inflated by different gases.
Notwithstanding the gas used to inflate the vehicle
occupant restraint 12, the vehicle occupant restraint is
commonly referred to as an air bag.

The vehicle occupant restraint 12 is inflated by a
flow of gas from a container 14. The container 14 has a
chamber 16 which holds a mixture 18 of gases. The mixture
18 of gases preferably includes a fuel gas, an oxidizer gas
for supporting combustion of the fuel gas, and an inert
gas. The inext gas is preferably nitrogen, argon or a

mixture of nitrogen and argon. The oxidizer gas is
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éreferably oxygen. The fuel gas is preferably hydrogen,
but may be methane, or a mixture of hydrogen and methane.

Alternatively, the mixture of gases in the container
14 may be an oxidizer gas and a fue} gas in amounts which
provide a very fuel lean mixture, i.e., the amount of
oxidizer gas exceeds that ambun;/;equired to support
combustion of the fuel gas. -

The mixture 18 of gases in the container 14 readily
Combusts, when ignited, but otherwise is not explosive. AS
such, the mixture 18 of gases could have many different
compositions. The fuel gas may be 2 to 16 molar percent of
the mixture 18 of gases. The oxidizer gas may be 7 to 98
molar percent of the mixture 18 of gases. The balance is
inert gas which may be 0 to 91 molar percent of the mixture
18 of gases. Preferably, the mixture 18 of gases includes
10-14 molar percent hydrogen, 15-25 molar percent oxygen,
and 61-75 molar percent inert gas.

The mixture 18 of gases in the container 14 is
normally under pressure. The pressure depends upon such
factors as the volume of the vehicle occupant restraint 12
to be inflated, the time available for inflation, the
inflation bresSure desired, the volume of the container for
the mixture 18 of gases, and the percentage of each of the
gases in the mixture 18 of gases. Normally, the mixture 18
of gases in the container 14 may be at a pressure of 500 to
5,000 pounds per square inch (psi). Preferably, the

mixture 18 of gases in the container 14 is at a pressure of
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1,000 to 3,000 psi. However, the invention is applicable
to any mixture of gases regardléss of pressure.

In one specific embodiment, the mixture 18 of gases is
dry air and hydrogen. The mixture of dry air and hydrogen
may range.from 86 molar percent aié and 14 molar percent
hydrogen to 92 molar percent air and 8 molar percent
hydrogen. - However, it is pregently preferred to have a
range from 90 molar percent air and 10 molar percent
‘hydrogen to 87 molar percent air and 13 molar percent
hydrogen.

Upon the occurrence of sudden vehicle deceleration, a
deceleration sensor 22, of any known and suitable
construction, activates an igniter 24 in the chamber 16 to
ignite the fuel gas in the mixture 18 of gases. The
combustion of the fuel gas is supported by the oxidizer
gas. As the fuel gas burns, the pressure in the chamber 16
rises due to warming of the gases by the heat of combustion
created by burning of the fuel gas and the formation of
additional gases or #apors produced by combhétion of the
fuel gas. After a predetermined time, or when a
predetermined pressure is reached in the chamber 16, an end
wall 28 of the container 14 bursts, and warm gas flows into
the vehicle occupant restraint 12 through a flow
controlling orifice. As the gas flows into the vehicle
occupant restraint 12, the gas inflates the vehicle
occupént restraint 12 into a predetermined position for

restraining a vehicle occupant.
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If the amount of hydrogen is less than about 8 molar
percent, difficulty may be encountered in igniting the
hydrogen. If the amount of hydrogen is more than 14 molar
percent, unacceptable pressures and/or temperatures may be
created in the vehicle occupant reskraint 12. Preferably,
the fuel gas is included in the_mixture 18 of gases in an
amount so that it is-substantially consumed by combustion
in the container 14. The vehicle occupant restraint 12 is
thus inflated almost exclusively, in the case where inert
gas is used, by inert gas, combustion products and any
remaining oxidizer gas or, in the case where inert gas is
not used, by the remaining oxidizer gas and combustion
products.

As the gas flows from the container 14 into the
vehicle occupant restraint 12, the gas expands and cools.
In addition, air from the environment around the safety
apparatus 10 may be aspirated into the vehicle occﬁpant
restraint 12 as the vehicle occupant restraint is inflated.
This aspirated air will also cool the gas in the vehicle
occupant restraint 12.

Since the fuel gas in the mixture 18 of gases burns to
generate heat which increases the pressure of the gas in
the chamber 16, the total volume of gas which must be
stored in the container 14 to inflate the vehicle occupant
restraint 12 to a desired pressure is minimized.
Additionally, since combustion of the fuel gas produces

gaseous material, i.e., water vapor, instead of solid
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material, there is no need for a particulate filter or the
like. |

The container 14 in the safety apparatué 10 is shown
in greater detail in Fig. 4. As shown in Fig. 4, the
container 14 comprises a cylindri?AI tank 30. The tank 30
defines the chamber 16 containing the mixture 18 of gases.
The tank 30 must be made of a’material impervious to the

gases contained in the container. Therefore, the tank 30
may be made of a suitable metal, such as steel or aluminum,
and may have a glass lining. A cylindrical gas fiow
diffuser 32 surrounds the tank 30. The diffuger 32 has a
plurality of gas flow opénings 35.

An igniter housing 34 extends through an opening at
one end of the tank 30, and supports the igniter 24. The
igniter 24 can be any one of many known types of igniters.
Thus, the igniter can be a spark plug, flash bulb igniter
(as shown, for example, in U.S. Patent No. 3,695,179), or a
pyrotechnic igniter. The specific igniter 24 shown in Fig.
4 is a known squib containing a pyrotechnic material which
is preferably zirconium potassium perchlorate. A single
igniter, as shown in Fig. 4, or a plurality of igniters can
be used. The percentage of fuel gas in the mixture 18 of
gases may be varied to facilitate ignition of the fuel gas
by the igniter or igniters.

A cylindrical manifold 40 extends through an opening
in the end of the tank 30 opposite the igniter 24 and also

extends through an adjacent opening in the diffuser 32. A
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circular end wall 42 of the manifold-40 located inside the
tank 30 has a centrally located control orifice 44. A
cylindrical side wall 46 of the manifold 40 has a
circumferentially extending array of gas flow openings 48
located between the tank 30 and t@g:diffuser 32. The end
wall 28, shown schematically in Pig. 1, is a burst disk
supported inside the manifold 40 between the control
orifice 44 and the gas flow openings 48.

When the fuel gas in the mixture 18 of gases in the
chamber 16 is ignited by the igniter 24, combustion of the
fuel gas generates heat and gaseous products of combustion
which increase the pressure in the chamber 16. When the
increasing pressure in the tank 30 reaches a predetermined
level, the end wall 28 bursts. Pressurized gas then flows
from the chamber 16 through the manifold 40 to the gas flow
openings 35 in the diffuser 32, and through the gas flow
openings 35 into the vehicle occupant restraint 12.

Fig. 5 illustrates graphically the relationship
between the pressure in the chamber 16 and the volume of
gas in the vehicle occupant restraint 12 during operation
of the vehicle occupant safety apparatus 10. The pressure
in the chamber 16 is represented in Fig. 5 by the curve P.
The scale for the curve P is shown on the left side of Fig.
5. The volume of gas in the vehicle occupant restraint 12
is represented in Fig. 5 by the curve V. The scale for the
curve V is shown on the right side of Fig. 5. At time Tg,

the fuel gas in the mixture 18 of gases in the chamber 16



10

15

20

25

-12-

is ignited, and the pressure in the chamber 16 begins to
increase above the storage pressure P, as a result of the
combustion. At time T,;, the end wall 28 bursts and the
pressurized gas begins to flow into the vehicle occupant
restraint 12. The volume of gas in:the vehicle occupant
restraint 12 then begins to increase, as indicated by the
curve V. The pressure in the Ehamber 16 initially remains
constant or continues to rise after the end wall is opened
since the combustion process continues to generate heat and
causes the gas mixture to expand at a rate faster than the
gas flows out through the orifice 44 into the vehicle
occupant restraint 12. As the combﬁstion neafs completion,
the pressure in the chamber 16 decreases as the pressurized
gas moves from the chamber 16 into the vehicle occupant
restraint 12. As the pressure in the chamber 16 decreases,
the volume of gas in the vehicle occupant restraint 12
increases until the vehicle occupant restraint 12 is fully
inflated for the purpose of restraining a vehicle occupant.
Fig. 5 is merely representative of the operation of a
vehicle occupant restraint inflator in accordance with the
present invention. The curves shown in Fig. 5 can be
modified in a number of ways to tailor the volume versus
time curves so that inflation of the vehicle occupant
restraint may be tailored for a specific application for a
specific vehicle. TFor example, the time to inflate the
vehicle occupant restraint 12 fully can be reduced by

increasing the fuel gas content of the mixture 18 of gases
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and/or by increasing the oxidizer gas content.

" Additionally or alternatively, the number of locations at

which the fuel gas in the mixture 18 of gases is ignited
and/or the area of the control orifice 44 can be increased.
Further, combinations of these chanbes can be used to
decrease the time to inflate thervehicle occupant restraint
12. Conversely, the time to inflate the vehicle occupant
restraint 12 fully can be increased by, for example,
decreasing.the fuel gas content and/or the oxidizer gas
content of the mixture 18 of gases.

Embodiment I described above is the preferred
embodiment of the present invention. Below are
descriptions of other embodiments of the present invention

which are alternative ways to practice the invention.

Embodiment IT

Since the embodiment of the invention illustrated in
Fig. 2 is generally similar to the embodiment of the
invention illustrated in Fig. 1, similar numerals are
utilized to designate similar components, the suffix letter
"a" is added to the numerals designating the components of
the embodiment of the invention illustrated in Fig. 2 to
avoid confusion.

A vehicle safety apparatus 10a (Fig. 2) includes an
inflatable vehicle occupant restraint 12a which is inflated
by a flow of gas from a container 1l4a. The container l4a
has a chamber 1l6a in which a mixture 18a of gases is held.

Like the mixture 18, the mixture 18a of gases includes a
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fuel gas, an oxidizer gas for supporting combustion of the
fuel gas, and inert gas. Alternatively, the mixturz 18a of
gases may be a very fuel lean combustible gas mixture of a
fuel gas and an oxidizer gas. Alsoq the mixture 18a of
gases may be under pressure. ’

Upon the occurrence of a high rate of vehicle
deceleration, a deceleration sénsor 22a activates an opener
60 to puncture mechanically an end wall 28a of the
container l4a. The opener 60 can comprise a piston which
is moved against the end wall 28 by an explosive charge.
Preferably, at the same time, the deceleration sensor 22a
activates an igniter 24a to ignite the fuel gaé in the
mixture 18a of gases. Thus, in the embodiment of the
invention illustrated in Fig. 2, the container l4a is
opened by the opener 60 simultaneously with ignition of the
fuel gas in the mixture 18a of gases by the igniter 24a.
Alternatively, the mixture of gases may be ignited a short

time after the puncturing of the end wall in order to get a

slightly "softer" or slower initial flow of gas into the

~vehicle occupant restraint. Additionally, the mixture of

gases may be ignited prior to opening the end wall 28. As
the fuel gas'burns, the gas in the chamber 16a is heated.
The heated gas flows from the chamber 16a through the
opening in the end wall 28a of the container 14a into the

vehicle occupant restraint 12a to inflate the vehicle

occupant restraint.
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The mixture 18a of gases could have many different
compositions. The preferences fof composition of the
mixture 18a of gases are the same as those described above
concerning the mixture 18. In one specific embodiment, the
mixture 18a of gases includes dry ?ir to which
approximately eleven molar percent hydrogen gas is added as
the fuel gas. Prior to openiné of the container 16a by the
opener 60 and ignition of the hydrogen gas in the mixture
18a of gases, the mixture 18a of gases is held in the
container l4a at a pressure of approximately 2,000 psi.

The preferences for storage pressure for the mixture 18a of
gases also are the same as those described above concerning

the mixture 18.

Embodiment III

A third embodiment of the invention is illustrated in
Fig. 3. Since the components of this embodiment of the
invention are generally similar to the components of the
embodiments of the invention illustrated in Figs. 1 and 2,
similar numerals are utilized to designate similar
components the suffix letter "b" is associated with the
numerals of Fig. 3 to avoid confusion.

A vehicle safety apparatus 10b (Fig. 3) includes a
vehicle occupant restraint 12b which is inflated by a flow
of gas from a container 1l4b to restrain movement of an
occupant of a vehicle. The container 14b includes an upper
compartment 70 having an end wall 28b and a lower

compartment 72. The upper and lower compartments 70 and 72
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are separated from each other by an intermediate wall 74.
The upper compartment 70 contains a pressurized gas 78
which is not combustible. The lower compartment 72
contains a pressurized mixture Boroﬁ gases. The mixture 80
of gases preferably contains a fug}lgas, an inert gas and
an oxidizer gas for supporting combustion of the fuel gas
in a mixture with the inert gas. Alternatively, the
mixture 80 of gases may be an oxidizer gas and a fuel gas
in amounts which provide a very fuel lean mixture.

Upon the occurrence of sudden vehicle deceleration, a
deceleration sensor 22b activates an opener 60b to puncture
the container end wall 28b mechanically. Since the gas 78
in the upper compartment 70 is held under pressure, the gas
78 flows from the upper compartment 70 into the vehicle
occupant restraint 12b when the end wall 28b is punctured.

As the gas 78 flows from the upper compartment 70 into
the vehicle occupant restraint 12b, the pressure in the
upper compartment 70 is reduced. Consequently, the
pressure differential between the mixture 80 of gases in
the lower compartment 72 and the gas 78 in the upper
compartment 70 increases. When a predetermined pressure
differential has been established between the gases in the

upper and lower compartments 70 and 72, the intermediate

‘wall 74 bursts to connect the lower compartment 72 in fluid

communication with the upper compartment 70. This results

in the lower compartment 72 being connected in f£fluid

4
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communication with the vehicle occupant restraint 12b
through the upper compartment 70;

Bursting of the intermediate wall 74 by the pressure
differential is detected by a sensor 86. Alternatively,
the sensor 86 may detect that the wall 74 has deflected
beyond a certain preset position/  Upon detecting that the
intermediate wall 74 has—burst‘or deflected beyond a
certain preset position, the sensor 86 activates an igniter
88 to ignite the fuel gas in the mixture 80 of gases.
Ignition and the resulting burning of the fuel gas in the
mixture 80 of gases heats the gas in the lower compartment
72. As the gas in the lower compartment 72 is heated, the
pressure in the lower compartment 72 increases. Therefore,
the rate of flow of gas through the intermediate wall 74
and the end wall 28b to the vehicle occupant restraint 12b
increases and the volume of gas available for inflating the
vehicle occupant restraint 12b increases.

The upper compartment 70 may be filled with dry air at
a pressure of72,000 psi. The mixture of gases in the lower
compartment 72 could have many different compositions at
different pressures. The lower compartment 72 may be
filled with a mixture of gases at a pressure of 2,000 psi.
The mixture 80 of gases in the lower compartment 72 may
consist of 85 to 90 molar percent dry air and 10 to 15
molar percent hydrogen gas. It is contemplated that the
upper compartment 70 could be filled with nitrogen gas and

the lower compartment 72 could be filled with a mixture of
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nitrogen gas, hydrogen gas, and an oxidizer gas. The
mixture of gases in the lower coﬁéartment 72 could also
have any composition and/or storage pressure described
above concerning the mixture 18 of gases in the embodiment
of Fig. 1.

Although it is preferred toonnect the lower
compartment 72 in fluid communication with the upper
compartment 70 and the vehicle occupant restraint 12b by
rupturing the intermediate wall 74 when a predetermined
pressure differential is established between the upper and
lower compartments 70 and 72, the upper and lower
compartments 70 and 72 of the container 14b could be
connected in fluid communication in a different manner.

For example, an opener, similar to the opener 60b, could be
provided to puncture the intermediate wall 74 mechanically.
Operation of the opener to puncture the intermediate wall
74 and simultaneous operation of the igniter 88 to ignite
the fuel gas in the mixture 80 of gases would take place at

a predetermined time interval after the deceleration sensor

22b detects the occurrence of sudden vehicle deceleration.

Embodiment IV
A fourth embodiment of the invention is illustrated in

Fig. 6. In this embodiment, hydrogen is stored under

pressure in a container 100, and oxygen is stored under

pressure in a container 10l1. Container 100 has an outlet

102 in communication with a combustion chamber 104 defined

by a containing means 106. The container 101 also has an

%)



'y

10

15

20

25

-19-~

outlet 108 in communication with the combustion chamber
104.

The outlet 102 has a flow control orifice 110 and a
burst disk 112. When the burst disk,llz opens, hydrogen
flows into the combustion chamber ld4 of the containing
means 106. The flow of hydrogen is controlled, in part, by
the area of the flow control ofifice 110. The outlet 108
has a flow control orifice 114 and a burst disk 116. When
the burst'disc 116 opens, oxygen flows into the combustion
chamber‘log of the containing means 106. The flow of
oxygen is controlled, in part, by the area of the flow
control orifice 114. Thus, when the burst disks 112, 116
open, the containing means 106 receives gases, i.e.,
hydrogen and oxygen, to provide a combustible mixture of
hydrogen and oxygen.

A suitable igniter 130 is associated with the
containing means 106. The igniter 130, when actuated,
ignites the mixture of gases in the combustion chamber 104
of the containing means 106 to increase the pressure and
warm the gas in the combustion chamber 104. The gas is
directed from the combustion chamber 104 through a flow
control orifice 131 and an outlet conduit 132 into the
inflatable vehicle occupant restraint 134. The flow
control orifice 131 in part controls the gas flow rate to
the inflatable occupant restraint and the pressure in the
combustion chamber 104. The inflatable vehicle occupant

restraint 134 may be as described above in embodiment I.
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A suitable opener device 140 is.-associated with the
burst disk 112. When the opener'Aevice 140 is actuated,
the burst disk 112 is opened. Also, a suitable opener
device 142 is associated with burst disk 116. When the
opener device 142 is actuated, the ﬁurst disk 116 is
opened. a

The opener devices k40, 1@2 are actuated by a vehicle
deceleration sensoi sensing rapid vehicle deceleration as
indicative of a collision. As a result, the hydrogen and
oxygen flow into and mix together in combustion chamber
104. The vehicle deceleration sensor also actuates the
igniter 130 which, in turn, ignites the mixture of hydrogen
and oxygen in the combustion chamber 104. Ignition of the
mixture of gases in the combustion chamber 104 warms the
gas and increases the ﬁressure of the gas in the combustion
chamber 104. The gas then flows into the vehicle occupant
restraint 134.

The amount of hydrogen and oxygen which are stored in
containers 100, 101 may vary. It is desired that the
amount of hydrogen in the combustion chamber 104 is
approximately 10 molar percent of the total of thé hydrogen
and oxygen in the combustion chamber 104 and the amount of
oxygen in the combustion chamber 104 is approximately 90
molar percent of the total of the hydrogen and oxygen in
the combustion chamber 104. This provides oxygen

substantially in excess of that needed to support

combustion of the hydrogen. Thus; the vehicle occupant
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restraint is inflated by the oxygen and products of
combustion of the mixture of gas in the combustion chamber
104. The products of combustion include water vapor.

i

Embodiment V

A fifth embodiment of the i/x}x}ention is illustrated in
Figs. 7, 8 and 9. Since_the components of this embodiment
of the invention are generally similar to the components of
the embodiment of the invention illustrated in Figs. 1-4,
similar numerals will be utilized to designate similar
components, the suffix letter "c" is associated with the
numerals of Figs. 7-9 to avoid confusion.

A vehicle safety apparatus 1l0c (Fig. 7) includes a
vehicle occupant restraint (not shown) which is inflated by
a flow of gas from a container léc. The container 1l4c has
a chamber 16c which holds a mixture 18c of gases. The
mixture 18c of gases preferably includes a fuel gas, an
oxidizer gas for supporting combustion of the fuel gas, and
an inert gas. Alternatively, the mixture 18c of gases in
the container»14c may be an oxidizer gas and a fuel gas in
amounts which provide a very fuel lean mixture, i.e., the
amount of oxidizer gas exceeds the amount required to
support combustion of the fuel gas.

The mixture 18c of gases in the container 1l4c
combusts, when ignited, but otherwise is not explosive.
The mixture 18c of gases in the container l4c is normally
under pressure. The mixture 18c of gases has the same

composition as the mixture 18 of gases described in
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conjunction with the embodiment of the invention
illustrated in Figs. 1-4. |

Upon the occurrence of sudden vehicle deceleration, a
deceleration sensor (not shown) of any known and suitable
construction, transmits a signal over conductors 150 and
152 to activate an igniter 24c. /A;tivation of the igniter
24c ignites the fuel gas -in thé mixture 18c of gases. The
qombustion of the fuel gas in the mixture 18c is supported
by the oxidizer gas. As the fuel gas burns, the pressure
in the chamber 16c rises due to heat supplied by the
igniter 24c and by the burning of the fuel gas.

When a predetermined pressure is reached in the
chamber 16c, or after a predetermined time, a burst disk
(not shown) in a burst disk assembly 156, bursts and warm
gas flows into the vehicle occupant restraint through one
or more flow controlling orifices. As the gas flows into
the vehicle occupant restraint, the gas inflates the
vehicle occupant restraint into a predetermined position
for restraining a vehicle occupant.

In accordance with a feature of this embodiment of the
invention, the igniter 24c is operable to transmit energy
through an imperforate wall portion 160 (Fig. 8) of the
container l4c to effect ignition of the mixture 18c of
gases in ihe contéiner l4c. The igniter 24c includes an
ignitable outer charge 164 disposed adjacent to an
imperforate outer side surface 166 of the wall portion 160.

The outer charge 164 is enclosed by a cylindrical metal
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housing 170 which is welded to the imperforate outer side
166 of the wall portion 160. The outer charge 164 engages
the imperforate outer side 166 of the wall portion 160.

An ignitable inner charge 174 is disposed in
engagement with an imperforate inner side 176 of the wall
portion 160. The inner charge'174 is enclosed in a
cylindrical metal housing” 178 which is welded to the
imperforate inner side 176 of the wall portion 160. A
circular sealing disk 186 blocks exposure of the inner
charge 174 to the mixture of gases in the chamber 18c.

In one specific embodiment of the invention, the
ignitable outer charge 164 may be RDX (Royal Danish
Explosive). However, HMX (Her Majesty’s Explosive) could
be utilized if desired. The outer charge 164 and inner
charge 174 both have a cylindrical configuration with a
diameter of about 0.100 inches.

In the specific illustrated embodiment of the
invention, the inner charge 174 is in two sections, a
cylindrical outer section 180 and a cylindrical innexr
section 182. The outer section 180 is made of
pentaerythritol tetranitrate. The inner section 182 is

made of boron potassium nitrate (BKNO,;). In this specific

embodiment of the invention, the cylinder 1l4c is formed of

304 stainless steel vacuum arc remelt. The portion 160 of
the cylinder wall between the outer charge 164 and the

inner charge 174 has a thickness of about 0.085 inches.
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The igﬁiter 24c also includes an-elongated ignition
line 192. The ignition line 192 has an end portion 194
disposed adjacent to the inner charge 174 and sealing disk
186. The end portion 194 (Fig. 8) oﬁ the ignition line 192
is telescopically mounted in the houéing 178 so that the
end of the ignition line 192 isrinlabutting engagement with
the sealing disk 186 and is clésely adjacent to the inner
charge 174. The ignition line 192 has a longitudinal
central axis which is coincident with a longitudinal
central axis of the container l4c. The ignition line 1392
extends from the housing 178 thréugh a central portion qf
the container 1l4c toward a right (as viewed in fig. 7) end
poftion of the container. Thus, the ignition line 192 has
an end portion 196 (Fig. 7) disposed adjacent to the burst
disk assembly 156.

Although the end portion 196 of the ignition line 192
is shown in Fig. 7 as being unsupported, a support could be
provided on the inner side of the“burst disk assembly 156
or the side wall of the container 1l4c. Also, if desired,
the ignition line 192 could be offset to one side of the
central axis of the container 1l4c.

The ignition line 192 (Fig. 8) includes a cylindrical
sheath 202. The sheath 202 is fabricated of a frangible
material such as plastic, ceramic, or a composite material.

An elongated core 204 is disposed within the sheath 202.

"The core 204 is formed of non-detonative, ignitive material

and has a high heat of combustion.
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The core 204 is formed in three:cylindrical strands
206, 208, and 210 (Fig. 9) which ére enclosed by an
imperforate cylindrical side wall of the sheath 202. The
strands 206, 208 and 210 include longitudinally extending
support elements 214 coate§ with a,Aon—detonative ignitive
mixture of powdered fuel, oxidant’and a suitable binder.
The support elements 214 are fébricated of a material such
as glass fibers, metal or a polymeric material.

The area bounded by the sheath 202 is larger than the
transverse cross-sectional area of the core 204.

Therefore, there are spaces 220 between the core strands
206, 208, 210 and the sheath 202 and between the core
strands themselves. An adherent powdery ignition layer
222, composed of the same material as the strands 206, 208,
210, is disposed on the inner side of the sheath 202.

The ignition line 192 is commercially available from
Explosive Technology in Fairfield, California and is known
as ITLX. Although the ignition line 192 has been disclosed
as having a cylindrical sheath 202 and a core 204 formed of
three strands 206, 208 and 210, it is contemplated that the
ignition line 192 could have many different constructions,
such as those shown in U.S. Patent No. 4,220,087, issued
September 7, 1980 and entitled "Linear Ignition Fuse".

Upon the occurrence of sudden vehicle deceleration,
the deceleration sensor (not shown) transmits a signal over
the lines 150 and 152 to effect ignition of the outer

charge 164. Ignition of the outer charge 164 results in
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vibration of fhe imperforate wall portion 160 of the
container l4c. The fozxce transmiﬁted by vibration of the
wall portion 160 between the charges 164 and 174 causes
ignition of the section 180 of the inner charge 174. This
ignites the charge section 182. I?Aition of the charge
sections 180 and 182 of the innexr charge 174 destroys the
sealing disk 186 énd ignites the core 204 at the end
portion 194 of the ‘ignition line 132.

Upon ignition of the core 204, the ignition reaction

'is propagated at a very high speed, on the order of 1,000~

1,500 meters per second, along the ignition line 192. As
the reactioh travels along the ignition line 192, the
sheath 202 is shattered. Shattering the sheath 202 results
in small, incandescent particles pf reaction products being
radially projected from the ignition line 192.

Heat provided by the ignition of the ignition line 192
quickly heats the gas immediately adjacent to the surface
of the shegth 202 to a temperature of approximately
1,000°F. This ignites the combustible mixture 18c of gases
in the chamber 16c. In addition, the small, incandescent
particles of reaction products projected from the ignition
line 192 as the sheath 202 is shattered are effective to
ignite the mixture 18c of combustible gases at locations
spaced from the ignition line.

Thus, the ignition line 192 performs the dual
functions of heating the mixture 18c of gases in the

container l4c and of igniting the mixture of gases. Since
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the ignition line 192 adds a substantial amount of heat to
the mixture 18c of gases, a lower amount of the fuel gas is
required than would be the case if a different type of
igniter was utilized. '

From the above description of the invention, those
skilled in the art will perceiye/épplications,
improvements, changes and modifications to the present
invention. For example, the gas in the container 101 (Fig.
6) might include an inert gas, such as nitrogen, as well as
oxygen. In an alternative to the Figure 6 embodiment, an
inert gas might be stored under pressure in a separate
container similar to the container 100 and 101. The
apparatus of the present invention may also be used for
inflating devices other than an inflatable vehicle occupant
restraint known as an air bag. For example, the apparatus
of the present invention may be used to inflate an
inflatable vehicle seat belt, a raft, an escape chute, etc.
Such applications, improvements, changes and modifications
within the skill of the art are intended to be covered by

the appended claims.
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Having described the invention, the following is

claimed:

1. An apparatus for inflating, a vehicle occupant

restraint, said apparatus comprisigd:

containing means for reteiving gases to provide a
combustible mixture of said gases;

igniter means for igniting the mixture of gases
to warm and increase the pressure of gas in said containing
means; and

directing means for directing gas frqm said

containing means to said vehicle occupant restraint.

2. An apparatus as defined in claim 1 wherein said
igniter means includes means for igniting the mixture of

gases in response to sudden vehicle deceleration.

3. An apparatus as defined in claim 1 wherein said
mixture of.gases includes an inert gas, a fuel gas, and an

oxidizer gas for supporting combustion of said fuel gas.

4. An apparatus as defined in claim 3 wherein said
containing means comprises a single container for

containing said inert gas, said fuel gas, and said oxidizer

gas.
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5. An apparatus as defined in claim 3 wherein the
relative amounts of inert gas, fuel gas, and oxidizer gas
are selected to yield upon combustion of the fuel gas a
predetermined volumetric flow rate of heated gas to inflate
the vehicle occupant restraint.

e

6. An apparatus as—defiﬂed in claim 3 wherein said
fuel gas is selected from the group consisting of hydrogen
and a gaseous hydrocarbon, said oxidizer gas is oxygen, and
said inert gas is selected from the group consisting of

nitrogen and argon.

7. An apparatus as defined in claim 4 wherein the
containing means is at a pressure of approximately 500 to

5,000 psi.

8. An apparatus as defined in claim 3 wherein said
fuel gas is hydrogen comprising about 10 to 14 molar
percent of ;he mixture of said gases, said oxidizer gas is
oxygen compriéing about 15 to 25 molar percent of the
mixture of said gases, and said inert gas is nitrogen
comprising about 61-75 molar percent of the mixture of said

gases.

9. An apparatus as defined in claim 1 wherein said
mixture of gases consists of a lean mixture of a fuel gas

and an oxidizer gas.
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10. An apparatus as defined in claim 3 wherein said
containing means comprises a singie container for said fuel
gas and said oxidizer gas.

11. An apparatus as defined %ﬂ claim 1 further
including a first container for said fuel gas, a second
container for saia oxidizer gas, and means for directing
fuel gas and oxidizer gas from said first and second
containers into a combustion chamber defined by said

containing means.

12. An apparatus as defined in claim 11 wherein said
igniter means ignites the mixture of gases in said

combustion chamber.

13. An apparatus as defined in claim 12 wherein said
directing means directs gas from said combustion chamber

into said vehicle occupant restraint.

14. An'apparatus as defined in claim 1 wherein said
igniter means includes an elongate heat source which
extends from one end portion of said containing means

through a central portion of said containing means.

15. An apparatus as set forth in claim 14 wherein

said containing means has a longitudinal central axis, said
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elongate heat cource being disposed on the longitudinal

central axis of said containing means.

16. An apparatus as set forthrin claim 1 wherein said
igniter means includes an elongate core disposed in a
frangible sheath in said containihg means, and means for
initiating burning of said core with a resultant shattering
of said sheath and spewing of incandescent reaction
products into the combustible mixture of gases along the

length of said elongated core.

17. An apparatus as set forth in claim 1 wherein said
containing means includes an imperforate wall portion, said
igniter means includes a first ignitable charge disposed
adjacent to a first side of said imperforate wall portion
and a second ignitable charge disposed adjacent to a second

side of said imperforate wall portion.

18. An apparatus as set forth in claim 1 wherein said
containing means includes an imperforate wall portion, said
igniter means includes a source of energy disposed adjacent
to a first side of said imperforate wall portion, and means
disposed adjacent to a second side of said imperforate wall
portion and actuatable due to energy transmitted through

said imperforate wall portion to effect ignition of the

combustible mixture of gases.
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19. An épparatus for inflating an inflatable device,

said apparatus comprising:

containing means for recéiving gases to provide a
combustible mixture of said gases;

igniter means for igniting:the mixture of gases
to warm and increase the presSurg/éf gas in said containing
means; and - ‘

directing means for directing gas from said

containing means to said device.

20. An apparatus as defined in claim 19 wherein said
mixture of gases includes an inert gas, a fuel gas, and an

oxidizer gas for supporting combustion of said fuel gas.

21. An apparatus as defined in claim 19 wherein said
containing means comprises a single container for

containing said inert gas, said fuel gas, and said oxidizer

gas.

22. Apvapparatus as set forth in claim 19 wherein
said containing means includes an imperforate wall portion,
said igniter means including a first ignitable charge
disposed adjacent to a first side of said imperforate wall
portion and a second ignitable charge disposed adjacent to

a second side of said imperforate wall portion.

‘ar
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23. An apparatus as set forth in claim 22 wherein
said igniter means further includés an elongate core of
ignitable material disposed in a frangible sheath with one
end of said core adjacent to said segond ignitable charge,
said first ignitable charge being %gnitable to effect
ignition of said second ignitable’charge and ignition of
said elongate core of ignitable material, said elongate
core of ignitable material being ignitable to effect a
shattering of said sheath and spewing of incandescent

reaction products into the combustible mixture of gases.

24. An apparatus as defined in claim 19 wherein said
mixture of gases consists of a lean mixture of a fuel gas

and an oxidizer gas.

25. An apparatus as defined in claim 24 further
including a first container for said.fuel gas, a second
container for said oxidizer gas, and means for directing
fuel gas and oxidizer gas from said first and second

containers -into a combustion chamber defined by said

.containing means.

26. An apparatus for inflating a vehicle occupant

restraint, said apparatus comprising:

a container having an imperforate wall portion

with inner and outer sides;

an ignitable material disposed in said container;
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igniter means for igniting the ignitable material
in said container to effect a floﬁ of gas from said
container, said igniter means including a source of energy
disposed adjacent to the outer side of said imperforate
wall portion of said container andlméans disposed adjacent
to the inner side of said imperforate wall portion of said
container and actﬁatable due té the energy transmitted
through said imperforate wall portion of said container to
effect ignition of the ignitable material in said
container, and

directing means for directing gas from said

container to said vehicle occupant restraint.

27. An apparatus as set forth in claim 26 wherein
said source of energy includes a first ignitable gharge and
said means disposed adjacent to the inner side portion of
said imperforate wall portion of said container includes a
second ignitable charge which is ignited under the
influence of vibrations transmitted through said
imperforaté wall portion of said container in response to

ignition of said first ignitable charge.

28. An apparatus as set forth in claim 27 wherein
said igniter means includes an elongate heatrsource which
extends from a location adjacent to said second ignitable
charge through a central portion of said container to

enable heat to be transferred from said elongate heat
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gsource to the ignitable material along the length of said

elongate heat source.

29. An apparatus as set forth in claim 28 wherein
said container has a longitudinal central axis, said
elongate heat source being disposéd on the longitudinal

central axis of said containexr.

30. An apparatus as set forth in claim 26 wherein
said igniter means includes an elongate core disposed in a
frangible sheath in said container, said means disposed
adjacent to the innerx side of said imperforate wall being
operable to initiate burning of said core with a resultant
shattering of said sheath and spewing of incandescent
reaction products into the ignitable material in said

container.

31. An apparatus as set forth in claim 30 wherein
said container has a longitudinal central axis, said
elongate core and frangible sheath being disposed on the

longitudinal central axis of said container.

32. An apparatus as set forth in claim 30 wherein
said elongate core and frangible sheath extend from one end
portion of said container through a central portion of said

container to enable incandescent reaction products to be
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spewed toward said ignitable material in at least the one

end portion and central portion of said container.

33. An apparatus as set forth iin claim 26 wherein
said ignitable material includes a combustible mixture of

S
gases. 7

34. An apparétus for inflating a vehicle occupant
réstraint, said apparatus comprising:
containing means for receiving at least two
gases;
igniter means for igniting the gases; and
directing means for directing gas from said
containing means to said vehicle occupant restraint to

inflate the vehicle occupant restraint.

35. An apparatus as set forth in claim 34 wherein the
at least two gases in said containing means includes a fuel

gas and an oxidizer gas for supporting combustion of the

fuel gas.

36. An aéparatus as set forth in claim 34 wherein
said igniter means includes an elongate core disposed in a
frangible sheath in said containing means, and means for
initiating burning of said core with a resultant shattering

of said sheath and spewing of incandescent reaction

<
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products into the gases in said containing means along the

length of said elongate core.

37. An apparatus as set forth in claim 34 wherein
said containing means includes an ;yéerforate wall portion,
said igniter means includes a f;rdt ignitable charge
disposed adjacent to a first side of said imperforate wall

portion and a second ignitable charge disposed adjacent to

a second side of said imperforate wall portion.

38. An apparatus as set forth in claim 34 wherein
said containing means includes an imperforate wall portion,
said igniter means includes a source of energy disposed
adjacent to a first side of said imperforate wall portion,
and means disposed adjacent to a second side of said
imperforate ﬁall portion and actuatable due to energy
transmitted through said imperforate wall portion to effect
ignition of at least the one of the gases in said

containing means.

39. A method of inflating a vehicle occupant
restraint, said method comprising the steps of:
providing a combustible mixture of gases in a

container;

igniting the combustible mixture of gases in the

container; and



-38-

iirecting gas from the container to the vehicle

occupant restraint.

40. A method as set forth in claim 39 wherein said
step of providing a combustible mixture of gases includes
providing an inert gas, a fuel gas and an oxidizer gas,

said step of igniting the -combustible mixture of gases

includes burning the fuel gas.

41. A method as set forth in claim 39 wherein said
step of providing a combustible mixture of gases includes
the step of storing a fuel gas in one container, storing an
oxidizer gas in another container, and mixing the fuel and
oxidizer gases to form the combustible mixture of gases in

response to sudden vehicle deceleration.

42. A method as set forth in claim 39 further
including the step of sensing the occurrence of sudden
vehicle deceleration and performing said step of igniting
the‘cqmbustible mixture of gases in response to performance

of said step of sensing the occurrence of sudden vehicle

deceleration.

43. A method as set forth in claim 39 further
including the step of burning in the container at least a

portion of one of the gases in the combustible mixture of

gases.
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44. A method as set forth in claim 39 wherein said
gtep of igniting the combustible mixture of gases in the
container includes transmitting energy through an

imperforate portion of a wall of the container.

45. A method as set forth if claim 39 wherein said
step of ighiting the combistible mixture of gases in the
container includes igniting a first charge disposed outside
of the container, and igniting a second charge disposed
inside the container under the influence of force
transmitted through an imperforate wall portion of the

container from the first charge to the gsecond charge.

46. A method as set forth in claim 39 wherein said
step of igniting the combustible mixture of gases in the
container includes spewing incandescent materials into the
mixture of gases in the container along an elongate path
extending from one end portion of the container through a

central portion of the container.

47. An apparatus for inflating an inflatable device
substantially as herein described with reference to the

accompanying illustrated drawings.

48 A method as claimed in Claim 39 and substantially

as herein described.
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