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(57) Abrége/Abstract:

A dual level Inflator (10) I1s provided for creating at least two different rates and levels of air bag inflation while optimizing cost
effectiveness, size, safety, and performance. The dual level inflator includes a unitized gas generator canister assembly (16)
Including two canisters of gas generant material connected to a common base and positioned in a chamber (14) formed In an
Inflator outer housing (12). The unitized assembly Is easily transportable and mountable on the outer housing. Each canister of
the unitized assembly Includes apertures permitting direct communication between each canister cavity and the chamber of the
outer housing. As a result, generant material positioned In each canister Is directly exposed to the conditions In the outer
housing chamber. The present assembly Is advantageous In that it maximizes the internal volume available to the stored gas
and, after the ignition of one canister and the inflation of the air bag, the remaining canister may be ignited without reinflating the
alr bag due to the previous depressurization of the chamber in combination with the selection of a generant material incapable of
effectively burning in a low pressure environment, I.e. the directly connected chamber. The present dual inflator also includes
seal means to prevent inadvertent ignition, and an arrangement by which the plurality of apertures formed in one canister are
positioned relative to the apertures In the other canister to cause the gas flowing from one set of apertures to be sufficiently
cooled by the inert gas In the chamber prior to reaching the apertures of the other canister thereby preventing inadvertent
thermally induced ignition of the generant material in the remaining unfired canister.
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A dual level inflator (10) is provided for creating at least two diffcront ratcs and levels of air bag inflation while optimizing cost
cftectiveness, size safety, and performancz. The dual level inflator includes a unitizad gas generator canister assembly (16) including
swo canisters of gas generant material connected to 3 common base and positioned in a chamiber (14) formied in an inflator outer housing
(12). The vnitized assembly is easily transportable and mountable on the outer housing. Each canister of the unitized assembly includes
apermres permitting direet communication between each canister cavity and the chamber of the outer housing, As a result, gencoant material
positioned in cach caniseer is directly exposed to the conditipns in the outer housing chamber. Tho present assembly is advantageots IR
*hat it maximizes the internal volume available to the stored gas and, after the ignition of one canister and the inflation of the air bag, the
remaining canistcr may be ignited without reinfating the air hag due to tho previous depressurization of the chamber in combination with
the selection of a generant material incapable of cffectively buming in a low pressure environment, i.e. the directly connected chamber.
The present dual inflator also includes seal maans to prevent igadvertant ignition, and an arrangement by which the phrrality of aperames
formed in ane canister are positioned relative to the apertures in the other canister to cause the gas Alowing from one set of apertures O
be sufficiently cooled by the inett gas in the chamber prior 1o reaching the aperures of the other canister thereby preventing insdvertent
thermally induced ignition of the generant material in the remaining unfired canister.
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DUAL LEVEL INFLATOR

BACK UND OF THE INVE

Field of the Invention

The present invention relates generally to an inflator device including gas generators and
more specifically to a dual level inflator which can selectively release gas at different rates and
levels and thus enable an air bag or the like type of inflatable safety restraining device, to be
deployed at different output levels in accordance with different sensor mputs.

Description of the Related Art

Recently, there has been a demand for controlling the rate and amount of inflation of
safety devices such as air-bag restraint systerns, in accordance with vanables such as passenger
size, position, seat belt usage and the velocity of the vehicle at ime of colliston.

In order to provide optimal occupant protection, different levels of output are required
from the air bag inflator. For example, in a high speed collision with 2 large unbelted person,
full rapid inflation of the air bag is required to provide the best restraint, In lower speed crashes
with smaller size occupants or even out-of-position occupants, a lower, slower rate of inflanon is
required so as not to inadvertedly injure the occupant but still provide enough mfiaton to
provide restraint

In order to achieve the two levels of inflation, it has been proposed In United States
Patent No. 3.773.353 1o Trowbridge et al. to provide two separate charges and to ignite one m
the event that a siow inflation is required and to ignite both in the event of a high speed collision,
thus achieving the very rapid inflation and deployment of the air bag wilch is necessary under
such circumstances. In this device the charges are arranged within a reservoir which 1s filled
with a non-toxic gas under pressure. This housing 1s sealed by a burst plate that 15 punched out
by a piston and rod type of arrangement when 2 first of the two charges is detonated. This
amangement however, suffers from the drawback of being relatively complex and therefore,

relatively expensive. For example, no iess than three burst plate arrangements are necessary.
Also, the charges are each isolated from the reservoir and reservoir gas by an inner housing and a

respective rupturable closure.
United States Patent No. 3,905,515 to Allemnann discloses another two-stage intiator

assembly which utilizes two separate charges and which disposes the charge in a chamber which
is used to store a non-noxious ¢as under pressure. However, this arrangement 1S cven more
complex than that in Patent No. 3,773,353. In this arrangement a porton of the burst disc forms

the head of a slidable shuttle valve member which is projectable into an exhaust passage to
nartially throttie the outflow of gases following a detonation of one or both of the two charges.
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Another upportant concern in dual level inflidtor design is the disposability of the inflator

assembly after use when, for example, the inflator assembly may be removed for disposal or the

entre vehicle junked. In dual level devices, if one gas generator has been 1gnited, for example in

reaction 10 2 low speed collision, the other generator could remain ignitable, thereby posing a

5  potenual safety concern perhaps during removal or vehicla storage. If accidentally ignited, the
second generator could produce hot high pressure gasses.

For this reason, it is preferred in the event of a scenario where only the first generator is

Qeployed, the second generator also be deployed after the immediate impact but still within the
crash event, e.g,, up to 100 milliseconds after impact. In this case, it is important to provide as
10 little output into the air bag as possible so that the bag will not reinflate and impact the occupant.
European Patent Publication No. 800965 to Buchanan discloses an inflator including a
spherical housing forming 2 main ¢hamber and two heating devices mounted in the main
chamber. The heating devices are activated sequentially to achieve a wide range of
performance. However, each heating device is covered with a barrier shell to isolate the device
15  from the gas in the main chamber. As a result, the pressure in the heating device must rise to a
level sufficient to rupture the barrier shell. Also, due to the nature of the gas generani typically
used in inflators, the gas generant burns more rapidly under greater Pressure causing increased
heating and/or gas generation. If this inflator were operated in a dual mode and only one heating
device activated corresponding to a low speed impact, intentional or inadvertent ignition of the

20  rcmaining gas generator may be sufficient to reinflate the air bag.
Also, the heating'devices are isolated from the stored gas thus wasting volume which
might be occupied by the stored gas which could make the entire inflator smaller. U.S. Patent
Nos. 5,582,428 and 5,630,619 discloses other similar inflators. However, these inflators are
unnecessanly complex with multiple burst disks and multiple containers and further are also

25>  lLikely canse reinflation of the air bag upon later ignition of an unused generator. Moreover, the
~devices disclosed in Trowbridge et al, and Allemann, discussed hersinabove, suffer drawbacks

similar to the device disclosed in Buchanan.
Consequently, there is a need for a cost effective, compact, simple dual level inflator

capable of permitting ignition of a second generator after 1ignition of a first generator without
30  reinflation of a collapsed air bag so as to deactivate the unit for disposal.

SUMMARY OF THE INVENTION

| It is an object of the present invention, therefore, to overcome the disadvantages of the
35  prior art and to provide a cost effective yet safe dual level inflation device which effecuvely

permuts dual level performance.

PUeAT o A NI kN
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A further object of the prasent invention is to provide a dual level inflator which permits -

ignition of one or both generators causing initial air bag inflation and subsequent ignition of a
second generator in a scenario calling for the output of only one generator, without remflanon of
the air bag.

It is a further object of the present invention to provide a dual level inflator inciuding a
unitary generator canister subassembly which maximizes internal volume avatlable ror the stored

gas, is easily transportable, and simply artached to the inflator assembly.
Yet another object of the present invention is to provide a dual level inflator which

improves safety to personnel after a vehicle accident, by permittiing deactivation of the second
generator within the crash event.

Another object of the present tnvention is to provide a dnal level inflator which permits
the gas generator loads at each level to be independently adjusted depending on system
requirements thereby maximizing tailorability.

Sull another object of the present invention is to provide a dual level inflator which
minmmmzes the cost and size of the assembly.

These and other objects of the present invention are achievead by providing a dual level
inflation device for inflating a vehicle safety restraant, compnising an outer housing including a
chamber for containing a quantity of stored incrt gas and an outlet for directing pressurized gas
into the vehicle safety restraint, a first generator canmister mounted 1n the chamber and including a
first canister wall forming a cavity containing gas generant material and at least one aperture o
permit open comrmunication between the cavity and the chamber, and a second generator
canister mounted in the chamber and inciuding a second canister wall forming a cavity
containing gas generant material and at least one second aperture to permut Open commumcaton
between the cavity and the chamber. Importantly, the gas generant material in both the furst
generator canister and the second generator canister is exposed to the stored inert gas to prevent
an undesired pressure increase in the respective cavity upon ignition of the generant material and
to maximize the internal volumne available to the stored gas, thus minimizing the overall size of
the inflator. The dual level inflaton device also includes at least one 1gniter for 1gmting the gas
generant material in the first and second generator canisters. The gas generant matenal in at
least one of the first and the second generator canisters is of a type mcapabie of burmng
effectively under low pressure. As a result, the unignited generant matenal in one of the
generator canisters may be ignited subsequent to the igmtion of the other .generator canister
without reinflating the associated vehicle safety restramt, 1.¢, air bag.

Preferably, each of the first and sacond generator canisters include a booster charge
mounted in the cavity between the igniter and the generant material. The at least one first

aperture and at least one second aperturc preferably include a booster aperture positioned
adjacent one of the booster charge and the at least one igniter. Prefcrably, each of the at ieast
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one first aperture and at least one second apertwre includes a plurality of apertures extending
longitudinally along the respective generator canister. The piurality of apertures may include
two rows of apertures. The first generator canister may contain a first predetermined quantity of
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30

35

gas generant material while the second generator canister may contain a second predetermined E
quantity of matertal more or less than the first predetermined quantity.
The present invention is also directed to a dual level inflation device for inflating a
vehicle safcty restraint, comprising an outer housing including a chamber for containing a
quantity of inert gas at a fixst predetermined pressure level and an outlet for directing pressurized =

gas into the vehicle safety restramt, a burst disk positioned to close the outlet and adapted to fail
upon the pressure in the chamber reaching 2 second predetermined pressure level] greater than
the first predetermined pressure level, a first geénerator canister mounted in the chamber and
including a cavity containing gas generant matenal and at least one first aperture formed in the
canister to permit open communication between the c¢avity and the chamber, and a second
generator canister mounted in the chamber and including a cavity containing gas generant

metenial and at least one second aperture to permit open communication betwesn the respective
cavity and the chamber. The dual level inflation device also includes at least one igniter for

igmiting the generant material in the first and second generator canisters. Importantly, the dual
levei inflation device also includes an ignition prevention arrangement for preventing
inadvertent ignition of the gas generant material in the second generator canister upon ignition
and burning of the gas generant material in the first generator canister. The ignition prevention
arrangement includes positioning the at least one first apermre and the at least one second
aperture a sufficient distance apart to cause the sas flowing from the at jeast one first aperturs to
be sutficiently cooled by the inert gas in the charmber prior to reaching the at least one second
aperture. In a preferred embodiment, each of the first and the second generator Canisters
mcludes a first side facing in 2 common first direction and a second side facing in a conumon
second direction substantially opposite the first direction. The ignition prévention arrangement
includes the at least one first apermire being positioned on the first side of the first genarator
canuster while the second side of the first generator canister is free from apertures. The ignition
prevention arrangement also includes the at least one second aperture being positioned on a
second side of the second generator canister while the first side of the second generator canister
is free from apertures. Also, there exists a seal between the two generators at the common base
for preventing inadvertent ignition of the second generator.

The present invention is also directed to an infladon device for inflating a vehicle safety
restraint, comprising an outer housing including a chamber for containing a quantity of stored
inert gas and a unitized gas generator canister assembly mounted in the chamber and including a

first generator canister containing a gas generant material, 2 second penerator canister contanng
4 gas generant material and positioned adjacent the first generator canister and a common base
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connected to a first end of both the irst and second generator housings wherein the ¢common -
base 1s connected to the outer housing. The inflation device also includes a first jgniter
positioned adjacent the common base at the first end of the first generator canister for igniting
the gas generant material in the first generator canister and a second igniter positoned adjacent
the common base at the first end of the second generator canister for igmting the gas generant
material in the second generator canister. Preferably, each of the first and the second generator
camsters are cylindrically shaped and the comunon base includes 2 mounting flange extending
transversely outwardly from the first and sccond generator canistars upon two opposite sides of
the unituzed gas generator assemmbly. The outer housing is preferably generally circular in
transverse cross section and the common base is positioned within the chamber of the outer
housing. The outer housing may includs an end cap mounted to close one end of the chamber
and an outlet formed at an opposite end of the chamber so that a burst disk may be positioned to
close the outlet and adapt it to fail upon the pressure in the chamber reaching a predetermined
pressure level. Preferably, the first and the second igniters are mounted on the end cap. Also,
each of the first generator canister and the second generator canister preferably includes a
plurality of apertures exposing the gas generant matenal o the stored inert gas in the chamber to
prevent an undesired prassure increase in the cavity upon ignition of the second gas generant
material.

B ISt I2ESC R 1IN C

YR AWINGS

FIG. 1ais a cross sectional view of the inflaton device of the present invention inciuding
the unitized gas generator canister assembly of the present invention taken along plane 1a-1a in
FIG. 1b;

FIG. 1b is an end view of one end of the inflation device of FIG. 1a showing the
positioning of the igniters;

FIG. lc1s a cross sectional view of the inflation device of FIG. 1a taken along plane Ic-
lc;

FIG. 1d is a partial cross section view of the inflation device of the presant invention
taken along plane 1d-1d in FIG 1b;

FIG. 2a 1s a cross sectional view of the unitized gas generator canister assembly of the
present invenbon;

FIG. 2b is a perspective view showing one side of the unitized gas generator canister
assembly of the present invention; and

Ry | BN

FIG. Jc is a perspective view of the unitized gas penerator canister assembly in an
inverted position showing an opposite side of the assembly.
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Referring 1o FIG. la, there is shown the dual level infladon device or inflator of the
present invention, indicated genarally at 10, which functions effectively and reliably to provide a
high level and rate of inflation of a vehicle safety restraint, i.e. air bag, in the event, for example,
of a high speed vehicle collision, or, altemmatively, a low level and rate of air bag inflation in the
evenit of a low speed collision. Dual level inflator 10 generally includes an outer housing 12
formung a chamber 14, a umtized gas generator capister assembly 16 positnoned 1n chamber 14

and first and second igniters 18, 20 for ininating buming of generant material in unitized gas

' generator canister assembly 16.

As shown in FIGS. la-lc, outer housing 12 includes a generally cylindrically shaped
housing portion 22, an end cap 24 mounted on one ¢nd of housing portion 22 50 as to sealingly
enclose chamber 14, and an outlet piece 26 mounted at an opposite end of housing portion 22.
Qutlet piece 26 extends into chamber 14 and includes outlet apertures 28 for directing gas from
chamber 14 into an ar bag (not shown). A diffuser 30 is mounted immediately upstream of
outlet apertures 28 and a burst disk 32 mounted immediately upstream of diffuser 30. Burst disk
32 is adapted to fail under the application of a predetermined pressure thersby allowing
pressunzed gas to flow from chamber 14 through outlet apertures 28 into an air bag. After dual
level inflator 10 is assembled, including tnstallagon of unitized gas generator canister 16 as
discussed more fully hereinbelow, end cap 24 is hermetically sealed. A filling port 34 1s
provided in end cap 24 to facilitate the charging of chamber 14 with a selected non-toxic gas,
such as argon or heljum, under pressure.

As shown iIn FIGS. la, l¢ and 2a-2c, unitized gas generator canister assembly 16
includes a first generator canister 36 formed by first canister wall 38 and a second generator
canister 40 formed by a second canister wall 42, Both first and second generator canisters 36
and 40 are generally cylindrically shaped to form respective cavities 44 and 46. A generant
material indicated at 48 is positoned in each cavity 44, 46 for generaung gas upon i1gnition. In
arder to achieve the dual level performancs, a sufficient quantiry of gas generant material 48 is
positioned in first generator canister 36 to allow inflation of an air bag at a reduced level and rate
during, for example, a low speed coliision, without the ignition and firing of second generator
camister 40. Second generator canister 40 includes a quentty of gas generant matenal 48 which
upon 1gnition with first generator canister 36, will, in combinanon, create a mgher inflation level
and rate desired during, for examplie, a high spaed collision. Gas generant material 48 is held in
positon within the respective cavity 44, 46 by a bias spring 50 and spnng plate 52. The first and
second generator canisters 36, 40 each also include a booster charge 54 positioned in a booster
housing 56 mounted at one end of each cavity adjacent first igniter 18 and second igniter 20.

# 12/ 30
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Booster charge 54 functions to provide more effective and reliable ignition of generant material -

48 by igniters 18, 20.

Unttized gas generator canister assembly 16 is advantageously formed as an integral
unitized assembly which ¢an be easily transported prior to final assembly. Specifically, first and
second generator canisters 36, 40 are mounted in abutment against one another and connected to
a cormumon base 58 as clearly shown in FIGS. 2a-2c. The size of unitized gas generator canister
assembly 16 is minimized by forming common base 58 with a diameter substantially no greater
than the outer combined width of first and second generator canisters 36 and 40. Common base
38 mcludes two mounting flanges 60 extending radially outward from a central opening 62
shaped to snugly receive one end of each of first and second pgencrator canisters 36, 40,
Comunon base 58 also includes a support ring 64 extending around central opening 62 for
supportng, and providing a connection locatton for, first and second generator canisters 36, 40.
First and second generator canisters 36, 40 may be comnected 10 common base 58, and
specifically support ring 64, by for example brazing or welding. As a result, the unitized gas
generator camister assembly 16 is self-contained and highly compact while being easily
transportable and artachable to outer housing 12.

As shown 1 FIGS. 13, 1c and 1d, imitized gas generator assembly 16 is mounted in
chamber 14 by connecting common base 5 to end ¢cap 24 in any conventional manner. A seal 75
1S mounted between the common base 58 and end cap 24 to further insure that there is no
inadvertent ignition of the second generator. First and seccond igniters 18 and 20, respectively,
are mounted on the inner portion of end cap 24 and extend into respective first and second
generator camsters 36 and 40. The opposite side of first and second igniters 18 and 20 include
connectors for connection to the approprate electrical wiring for delivering igniton signals to
the 1gniters.

First and second generator canisters 36 and 40 each include a plurality of apertures
formed in the respective canister wall for allowing the respective cavity 1o communicate directly
with chamber 14, Specifically, as shown in FIGS. 2b and 2c, first generator canister 36 includes
2 plurality of apertures 66 positioned on a first side 70 of unitized gas generator canister
assembly 16 while second generator canister 40 includes a plurality of apertures 68 formed on a
second side 72 of unitized genecrator canister assembly 16. In the preferred embodiment, as
shown in FIGS. 2b and 2c, the first plurality of apertures 66 formed in first generator canister 36
mclude two rows of aperwures extending longitudinally along canister 36. Plurality of apertures
66 2lso include a pair of booster apertures 67 for controlling the pressure from booster charge

>4. Likewise, plurality of apertures 68 include two rows of apertures extending longitudinally

along the second side of the second generator canister 40 including booster apertures 69.
Importantly, the plurality of apertures 66 and 68 directly expose the generant material in

first and second generator canisters 36, 40 respectively, to the conditions present in chamber 14.

# 13/ 30
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The generant matenal 48 positioned in first and second generator canisters 36 and 40 does not -

include any other casing, sheath or wrapping between the generant material and the canister
walls which would cause pressure to build up in the respective cavity of the canistars during

both initial and continued igniting and buming of both the boost and generant material.

Importantly, this design permits the second generator canister 40 to be ignited subsequent to a
predetermined time after the igniton of first generator canister 36 without reinflation of the air
bag. For example, duning a low speed collision, first generator canister 36 will be ignited
causing further pressurization of chamber 14 by the hot gas generated by first generator canister
36. As gas generant materjal 48 burns, the gas is immediately released through the plurality of
apertures 60 into chamber 14 causing a pressure increase in chamber 14 due to an increased
quantty of gas and an increase in temperature. At a predetermined increased pressure level,
burst disk 32 will fail causing the gas in chamber 14 1o flow through outlet apertures 28 into the
air bag. Subsequently, it is desirable 1o ignite second generator canister 40 for safety purposes to
prevent inadvertent 1gmtion and jnjury {o personnel. This second ignition should occur withont

rernflation of the air bag. The dual level inflator 10 of the present invention permits second
generator camster 40 to be ignited without reinflation of the air bag for two specific reasons.

First, the gas generant material 48 in both first and second generator canisters 36, 40 is directly
exposed (0 chamber 14. As a result, when second generator canister 40 is ignited by a second
igmiter 20, chamber 14 has essentially been depressurized (at approximately 100 milliseconds
after initial deployment). The gas generaied by second gencrator canister 40 in combination
with an already depressurized volume of gas in chamber 14 is simply insufficient to reinflate the
air bag. Secondly, gas generant material 48 i3 of the type which is incapable of buming
effectively, i.e. generating gas at a high rate, in a low pressure environment. Sinca the initial gas
generated by gas generant material 48 is not contained due to the plurality of apertures and is
further released mto a low pressure chamber 14, the gas generant material in second generator

- camster 40 simply fails to generate a sufficient volume of gas necessary to reinflate the air bag.

For example, gas generant material 48 may be the type of material described in U.S. Patent No.
5,726,382, the entire contents of which is hereby incorporated by raference.

Dual level inflation device 10 also includes an ignition prevention arrangement for
preventing madvertent ignition of the generant material in second generator canigter 40 upon
tgnition and bumning of the generant material 48 in first generator canister 36. During igniton of
first generator canister 36, the gas generated by the buming of generant material 48 exists at a
very high temperature. This high temperature gas flows through plurality of apertures 66 into
chamber 14 and mixes with the inert gas in chamber 14, It has been found that the high
temperature gas from first generator canister 36 may cause temperature induced ignition of the

gas generant material 48 in seccond gencrator canister 40. However, the present ignition
prevention arrangement 74 prevents this temperature induced ignition of the gas generant

O
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material 48 in second generator canister 40 by creatung a Jong flow path between the plurality of -
apertures 66 formed in first generator canister 36 and the plurality of apertures 68 formed im
sccond generator canister 40.  Specifically, the ignition prevention arrangement includes
positioning the plurality of apertures 66 in first generator canister 36 a sufficient distance around
5  the penphera] extent of the unitized gas generator canister assembly 16 from the plurality of
apertures 68 rormed in second generator camster 40 to cause the gas flowing from the plurality
of apertures 66 to be sufficiently cooled by the inert gas in chamber 14 prior to reaching the
plurality of apertures 68 formed in second generator canistar 40,

In the preferred embodiment, as shown in FIGS, 2b and 2c, the plurality of aperturas 66
10  are formed on first side 70 of first generator canister 36 while the second side 72 of canister 36
contains no apertures. On the other hand, the plurality of apertures 68 are formed in the second
side of second generator canister 40 facing in an opposite direction from the plurality of
apertures 66 while the first side 70 of second generator canister 40 is free from any apertures.
Thus, gas flowing from the plurality of apertures 66 must flow completely around the peripheral
extent, or the distal énd. of unitized gas generator canister assembly 16 before entering the
plurality of apertures 68. As a result, the ignition prevention arrangement 74 of the present
invenuon creates a long cooling path for the hot gas to flow through before reaching the
apertures of the remamning canister thereby allowing the cooler inert gas in chamber 14 to cool

the hot gas generated by first generator canister 36 to a lower tamperature incapable of causing
thermal induced ignition of the geémerant maténzal 48 in second generator canister 40. In

addition, the seal 75 mounted between the common base 58 and end cap 24 prevents hot gas
tlow from the first gcncrzitor into the second generator. This futther mstires against inadvertent
igrution of the second generator. As a result, this arrangement creates a safer, more reliable dual
level inflator device 10. Of course, the plurality of apertures 66 and the plurality of apertures 68
may be formed at other Iocations on the respective canisters so long as the distance between the
apertures 15 sufficient to permit adequate cooling of the high temperatre gas to prevent
inadvertent thermally induced ignition of the unfired canister.
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We claim:
1. An inflation device for inflating a vehicle safety restrant, compnsing:
an outer housing including a chamber for containing a guantity of stored inert i =
gas;

a unitized gas generator canister assemnbly mounted in said chamber and
including a first gensrator canister containing a gas generant material, a second generator
canister containing a gas generant material and positioned adjacent said first generator canister,
and a common base connectad to a first end of both said first and said second generator
housings, said common base connected to said outer housing;

a first ignitor positoned adjacent said common base at said first end of said first
generator canister for igniting said gas generant material in said first generator canister; and

a sccond ignitor positioned adjacent said common base at said first end of said
second generator camister for igniting said gas generant material in said second generator
canister.

2. The inflation device of claim 1, wherein each of said first and said second
generator camisters are cylindrically shaped, said common base including a mounting flange
extending transversely outwardly from said first and said second generator canisters on two
opposite sides of said \mitized gas gencrator assembly.

3. The inflation device of claim 1, wherein said outer housing includes a generally
circular transverse cross-section, said common base being positioned within said chamber of
said outer housing.

4, The inflation device of claim 1, wherein said outer housing includes an end cap
mortmnted to close one end of said chamber and an outlet formed at an opposite end of said
chamber, further including a burst disk positioned to close said outlet and adaptad to fail upon
the pressure in said chamber reaching a predetermined pressure level.

5. The inflation device of claim 4, wherein said first and said second igniters are
mounted on said end ¢ap.

6. The inflation device of claim 1, wherein each of said first generator canister and
said second generator canister includes a plurality of apertures exposing said generant material to 5
the stored inert gas in said chamber to pravent an undesired pressure increase upon ignition of |
said gas generant matenal.
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7. The inflatdon device of ciaim 6, further including an igntuion prevention means
for preventing inadvertent ignition of said gas generant material in said second gencrator canister
upon ignition and burning of said gas generant material in said first generator camster, said =

ignition prevention means including positioning said phurality of apertures in said first generator
canister a sufficient distance from said plurality of apertures in said second generator canister to
cause the gas flowing from said plurality of apertures of said first generator canister {0 be
sufficiently cooled by the inert gas in said chamnber prior to reaching said plurality of apertures of
said second generator canister.

3. The inflation device of ciaim 7 further comprising seal means between said first
generator and said second generator to prevent hot gas from flowing therebetween.

9. A dual lavel inflation device for inflating a vehicle safety restraint, comprising:
an outer housing including a4 chamber for containing a quantity of stored inert gas
and an outlet for directing pressurized gas into the vehicle safety restraint;

a first generator canister mounted in said chamber, said first generator canister
including a first canister wall forming a cavity containing gas generant matenal and at least one
first aperture formed in said first canister wall to permit open communication between said
cavity and said chamber, said gas generant material in said first generator canister exposed to the
stored inert gas to prevent an undesired pressurs increase in said cavity upon igninon of sad
generant matenal;

a second generator canister mounted in said chamber, said second generator
canister including a second canister wall formuing a cavity containing gas generant material and
at least one second apernure formed in said second canister wall to permit open communication
between said cavity and said chamber, said gas generant material in said second generator
canister exposed to the stored inert gas to prevent an undesired pressure increase in said cavity
upon ignition of said generant material; and

at least one igniter for igniting said generant material in said first and said second

n
e

generator Canisters.

10. The inflation device of ¢laim 9, wherein said gas generant material In at least one
of said first and said second generator canisters is of a type incapable of burning effectively

under low pressure.

11. The inflation device of claim 10, wherein each of said first and said second
generator canisters include a booster charge mounted mn said cavity between said at least one
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ignitor and said gas generant material, each of said at least one first aperture and said at least one
second aperture including a booster aperture positioned adjacent one of said booster charge and
said at least one ignitor.

12.  The inflation device of claim 10, wherein each of said at least one first aperture
and said at least one second aperture includes a plurality of apertures extending longitudinally
along said first and said second generator canisters.

13.  The inflation davice of claim 12, wherein said plurality of apertures includes two
rows of apertures. “

14. The inflanon device of ¢iaim 10, wherem said first generator canister containg a
first predetermined quantity of gas generant matenal and said second generator canister contains
a second predetermined quantity of gas geénerant mateniat less than said first predetermined

quantity.

15. The inflation device of claim 10, further including an ignition prevention means
for preventing inadventent ignition of said generant material in said second generator canjster
upon ignition and burning of said generant material m said first generator canister, said ignition
prevention means including positioning said at least one first aperture a sufficient distance from
said at least one second aperture to cause the gas flowing from said at least one first aperture to
be sufficiently cooled by the inert gas in said chamber prior to reaching said at least one second

apem. Y

16. The inflation device of claim 15, wherein each of said first and said second
generator ¢anisters includes a first side facing in a common first direction and a second side
facing in a common second dircction substantially opposite from said first direction, said
ignition prevention means including said at least one first aperture being positioned on said first
side of said first generator canister, said second side of said first generator canister being free
from apertures, said at least one second apexture being positioned on said second side of said
second generator canister, and said first side of said second generator canister being free from

apertures,

17. A dual level infladon device for inflating a vehicle safety restraint, comprising: ' o

an outer housing inc¢luding a chamber for containing a quantity of inert gas at a

first predetermined pressure level and an outlet for directing pressunzed gas into the vehicle
safety restraint;
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a burst disk positioned to close said outlet and adapted to fail upon the pressure -

in caid chamber reaching a second predetermined pressure level greater than said first
predetermined pressure level;

a first generator canister mounted in said chamber and including a cavity
containing gas generant material and at least one first aperture formed in said first generator
canister to permit open communication between saxd cavity and said chamber;

a second generator canister mounted in said chamber and including a cavity
containing gas generant material and at least one second aperture formed in said second
oenerator canister 1o permil open communication between said cavity and said chamber;

at least one igniter for igniting said generant material in said first and said second
generator canisters;

an ignition prevention means for prevenung inadvertent ignition of said gas
generant material in said second generator canister upon ignition and burning of said gas
generant material in said first generator canmister, said ignition prevention means including
positioning said at least one first aperture a sufficient distance from said at least one second

apertuze to cause the gas flowing from said at Jeast one first aperture to be sufficiently cooled by -

the inert gas in said chamber prigr to reaciung said at least one second aperture.

18.  The inflation device of claim 17, wherein each of said first and said second
generator canisters includes a first side facing in a common first direction and a second side
facing in a common second direction substantially opposiie from said first direction, said
ignition prevention means including said at least one first apernure being positioned on said first
side of said first generator canister, said second side of said first generator canister being free
from apertures, said at least one second aperture being positioned on said second side of sad
second generator canister, and said first side of said second generator canister being free from

apertures.

19.  The inflation device of claim 17, wherein said outer housing includes an end cap
mounted to close one end of said chamber and an outlet formed at an opposite end of sad

chamber, further including a burst disk positioned to close said outlet and adapted to fail upon
the pressure in said chamber reaching a predetermined pressure level.

70. The inflation device of claim 17, wherein said at least one igniter includes a first

ignitor mounted on said end cap adjacent one end of said first generator canister for igniting said
generant material in said first generator canister and 2 second ignitor mounted on said end cap

adjacent one end of said second generator canister for igniting said genérant material in said
second generator canister.
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21.  The inflaton device of claim 17, wherein said gas generant material in said first
generator and said second generator canisters are conunually exposed to the stored inert gas to
prevent an undesired pressure increase in said respective cavity upon ignition of said gencrant
material, each of said at least one first apermire and said at least one second apemure inciudes a
plurality of apertures extending longitudipally glong said first and said second generator
canisters, wherein said gas generant material in at least one of said first and said second
generator canisters is of a type incapable of burnmg effectively under low pressure.
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INTERNATIONAL PRELIMINARY CXAMINATION REPORT

PCT/US99/28203
I.  Basis of the report |

1. With regard o the clements of the intemational applicadon:*
D the international application as onginally filed
@ the descnpuon:

pages -3 , as originally filed
pages NONE , filed with the demand E
pages __ NONE =~ | filed with the letter of
the claims:;
pages __ 10-14 — ,» as onginally filed
pages NONE ., as amended (together with any statemcnt) under Article 19
pages NONE . , filed with the demand
pages NONE , filed with the letter of
@ the drawings:
pages 1-2 - _ , » 8 onginally filed
pages NONE , filed with the demand
pages NONE e , filed with the letter of
EI the sequence listing part of the description:
pPages NONE , 48 originally filed
peges ___WONE . filad with the demand
pages NONE . __, filed with the letter of

2. With regard to the langnage, all the elemnents marked above were availible or furnighed to this Authority in the language in which
the mternational application was filed, inless otherwise indicated wunder this item.
These clements were available or furnished to this Authority in the following langimpe whach 19

[:[ the language of a transiation furpished for the purposes of mtarnational search (under Rule 23.1(b)).
D the langnage of publication of the international application (under Rule 48.3(b)).

D the language of the translation furnished for the purposes of mtemational preliminary examination (under Rules 55.2 and/
or 53.3).
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D contamed 1n the international application in printed form.
D filed together with the international application in computer readable form.

D furnished subsequently to this Authority in written form.

I:I furnished subsequently to this Authority in computer readable form.

The statement that the subse uently furnished wnitten sequence listing does not go beyond the disclosure in the
international application as filed has been fumished
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4. The amendments have resulted in the cancellauon of;

the description, pages NONE
the claims, Nos. NONE
the drawings., shectséhg NONE

5. E] Thas report has been drawn as if (some of) the amendments had not been made, since they have been considered to go -
beyond the disclosure as filed, as indicated in the Supplementl Box (Rule 70.2(c)).** .

* Replacernent sheets which have been furnished 10 the receiving Office in response 1o an inviiation under Article {4 are raferred to |
?nd m:;:orle%m as “originally filed” and are not annexed to ihis report since they do not conwain amendments (Rules 70.16

[ W% 4ny replocement shee! conlalr-ny such arendments russt be referred (o under item ! and annexed o this repor:.
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V. Reasoned atatement under Article 35(2) with regard to novelty, inventive step or induatrial applicability;
citations snd explanations supporting such statctient

e v Y

. statement
Novelty (N) Claims 1-21 YES
Claims _NONEBE NO
Inveative Step (I1S) Claims 1-21 YES
Claims NONE | NO
Induserial Applicability (IA) Claims 12¢ @@ YES
Claims NONE | NO

2. <¢itations and explanations (Rule 70.7)
Clsims 1-2]1 meets the critcria act sut in PCT Article 33(2)>(4), because the prior art does pot icach or fairly suagest foatures
in common with the prcasnt iavention. -

NEW CITATIONS

NONE
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INTERNATIONAL SEARCH REPORT International appiicarion No.

PCTUS99/28203

A. CLASSIFICATION OF SUBJECT MATTER

IPC(T :B6OR 21/26, 21/28
US CL :280/736, 737, 741
AcCording 10 Micmadional Patent Classification (IPC) or t0 borh national classification and 19C

B. FIELDS SEARCHED
Mﬁnundowmmdonsﬁchnd(dmmmmhﬂowedbyclmmm:ymboh)
US. . 2807736, 737, 741

Dmmmnmmmmwmmmecmmmmmmmw in the fields searched

Elecuronic datx base consaited during the imernational séarch (name of dag base and, where pracricable, search terms usad)
EAST

C. DOCUMENYS CONSIDERED TO BE RELEVANT

- Citation of documem, with indication. where appropriare, of the relevant passages Relevant to clamm No.

US 6,019,389 A (BURGI et al) 01 FEBRUARY 2000, SEE ENTIRE | 1. 3-12, 15-21
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