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An air bag module (50) comprising an inflator (40) for generating inflation gas; an air bag (12) disposed about the inflator
to receive the inflation gas exiting the inflator; a structure (52) for supporting at least the inflator. The inflator comprises: a pres-
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dition once again.
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MEANS FOR RENDERING A THRUST NEUTRAL _
INFLATOR SUITABLE FOR USE IN AIR BAG MODULES

BACKGROUND AND SUMMARY OF THE INVENTION

5 .
The present invention relates generally to
supplemental inflatable restraint (air bag) systems
and more particularly to a hybrid inflator.
10 A hybrid inflator comprises a pressure vessel

into which is stored a quantity of inert, pressurized

- gas. Means are provided to selectively open a passage

leading from the pressure vessel to exit ports to

permit the egress of the inflation gas. Such means

15 typically includes a mechanism for braking a

rupturable disk. Hybrid inflators may also include

heat generators, such as a quantity of propellent, to

heat the gas remaining in the pressure vessel thereby

achieving a more efficient inflation of the air bag.

20 It is a requirement that the orientation of the exit

ports be arranged to maintain the hybrid inflator in

a thrust neutral condition when gases exit the

inflator and specifically when the inflator is not

part of an air bag module. By thrust neutral it is

25 meant that when gas exits the exit ports the resultant

‘ of the reaction forces is essentially zero. As can be

appreciated, if the hybrid inflator were not thrust

neutral and is accidentally energized or gas 1is

discharged, such as from an over pressurization due to

30 fire, etc., the inflator could be propelled about due

7 to the non-zero resultant forces generated by the
exiting gas flow.

As such, the above thrust neutral requirement 1is
35 beneficial when the hybrid inflator is being carried,

shipped, etc. However, the above regquirement, as will
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be seen below, reduces the efficiency of the air bag
inflation process. Accordingly, the invention
comprises: an air bag module comprising: an inflator
for generating inflation gas; an air bag disposed
5 about the inflator to receive the inflation gas
exiting the inflator; a structure for supporting at
least the inflator. The inflator comprising: a
pressure vessel and a plurality of exit por&s through
which inflation gas exits the inflator. The exit
10 ports are arranged to render the inflator in a thrust
neutral condition when the inflator is not attached to
the structure. The module comprising first means for
closing a designated set of exit ports to render the
inflator in a non-thrust neutral condition when
15 supported by the structure. The first means includes
a plug received in each of the designated exit ports.
Each plug is preferably received though a portion of
the structure such that if the inflator is removed
from the structure each plug must also be removed,
20 thereby opening all of the previously closed exit
ports and rendering the inflation in its thrust

neutral condition once again.
~Many other objects and purposés of the invention

25 will be clear from the following detailed description
of the drawings. '

BRIEF DESCRIPTION OF THE DRAWINGS

30
In the drawings:
FIGURE 1 is illustrative of a prior art hybrid
inflator.
FIGUREs 2 through 5 illustrate exit por:
35 orientations of a hybrid inflator. :
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FIGURE 6 illustrate an inflator in an air bag
module. , )
FIGURE 7 shows a cross-sectional view of a hybrid
inflator and air bag module. _
5 FIGURE 8 diagrammatically illustrates various
elements of a hybrid inflator.

FIGURE 9 shows an alternative embodiment of the
invention.

10 DETAILED DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates a prior art hybrid inflator

10 for an air bag 12. The inflator 10 is secured

within a manifold 14 or similar support structure. As

15 can be seen, the inflator includes a plurality of exit

ports 16, situated about one end thereof. What is not

shown is the mechanism within the inflator which

releases of the stored inflation gas. Regardless of

how gas is.released, it can be appreciated that gas

20 exiting the equally spaced exit ports 16 will vield a

thrust neutral condition. The concept of a thrust

neutral inflator is beneficial, but when the inflator

is installed in a module, the thrust neutral feature

is a source of inefficiency: To achieve rapid

25 inflation of an air bag, it is desirable that

inflation gases.exit the inflator and enter directly

into the air bag. Since gas flow out from a hybrid

inflator is multi-directional hybrid inflators

typically include some mechanism to redirect certair

=30 parts of the gas flow into the air bag. This

redirection is accomplished by the above mentioned

manifold, or housing, etc. which may take a variety of
configurations. '
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Reference is made to FIGURE 2 which illustrates
an end cross-sectional view of a typical hybrid
inflator 10 having only two exit ports 1l6a and 16b.
FIGUREs 3 through 5 illustrate the utilization of the

5 hybrid inflator having other discrete exist port
configurations. The arrows 18 emanating from each of
the ports illustrate the direction of the inflation
gas .stream as it exits the inflator. FIGURE 3
illustrates three equally spaced and sized exit ports

10 16a-16c. FIGURE 4 shows three asymmetrically located
exit ports. The flow area of port 1lé6c is greater than
the flow area of either ports 1léa or 1léb to yield
thrust neutrality. Typically the area of ports léa
and 16b are equal. The size of port 16c will also

15 vary with the angular spacing between ports 1l6a and
16b. FIGURE 5 illustrates the use of four (4) equally
spaced and sized exit ports l6a-16d.

Reference is now made to FIGURE 6 which

20 illustrates an inflator secured to a housing 201 which
is often referred to as a reaction: can, housing,
manifold or member in the art. The purpose of the
housing 20 is to support the inflator as well as tc
intercept the inflation gas stream flow and redirect

25 same into the airbag. By way of example, the inflator
shown is therein uses two exit'ports. As can be
appreciated, one-half of the inflation gas will exit

one of the ports such as 16a and directly impinge upon

the housing 20 while the other one-half of the

- 30 inflation gas exits the opposite port 16b and flows
generally directly into the air bag. With regard to

the gases exiting port 16a, it can be appreciated that

such gases represent a heated, pressurized, high
velocity stream. As the gases impinge upon the

35 housing 20, a certain amount of heat energy is lost.
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that is, absorbed by the housing which is typically at

a lower temperature than the inflation gases. Since

a relatively few exit ports are used, the high
temperature inflation gases will impinge on a '

5 localized area of the housing causing perhaps,

excessive heat, localized over pressurization, the

need to reinforce the structure, and potential

degradation of air bag material that may be located

within the impingement area. As the reaction housing

10 20 must be designed to redirect the stream of

inflation gas it becomes more a complicated and costly

component than may otherwise be needed resulting in

increased weight, cost, and size of an air bag module.

15 Reference is now made to FIGURE 7 which shows a
hybrid inflator 40 forming part of an air bag module

50. The cross-sectional view of the hybrid inflator is
diagrammatically shown in FIGURE 8. Exemplary hybrid
inflators are shown in United States Patents 5,022,674

20 and 5,076,607, which are incorporated herein by
reference. The hybrid inflator 40 comprises a pressure

vessel portion 42 into which is stored pressurized

Argon gas. The pressure vessel portion includes a
rupturable disk 44 that may be opened by any known

25 means such as that illustrated in the above patent.
The inflator 40 further includes a heat generating
member 46, such as a gas generator also shown in the

above patents. Upon rupturing of the disc 44, the

gases enter into a non-pressure vessel portion 48 and

=30 then flow out of the plurality of exit ports 16.
While two such exit ports 16a and 16b are illustrated,
it should be appreciated that any number of port
orientations can be used. In the case of two exit

ports, the size of each exit port is chosen to be

35 identical so as to maintain the thrust neutral feature
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of the hybrid inflator when it is out of the module.
The size of each exit.port 1l6a and b is also chosen
such that the area of one port is appropriate to £fill

the airbag at its prescribed fill rate and pressure.'

This feature is because the port facing away from the
air bag will be closed. In the invention’s most simple
form, one port such as 1l6a, is internally threaded to
accept a plug such as 60.

As is typical in the art, the hybrid inflator 40
may be secured to a housing 52 in the manner as
described in the above patents. With the inflator 40
so positioned within the housing, the plug 60 is
inserted through an opening 62 therein into the
threaded exit port such as l6a. If needed a seal 64
such as an o-ring can be used to further seal the
interface between the plug and the exit port. The
housing, plug and inflator cooperate in a manner so
that if the inflator is removed from the housing the
plug must also be removed. As can be seen, with the
plug 60 removed the inflator is once again rendered
thrust neutral. If a port orientation such as that
shown in FIGURE 5 is used two such plugs 60a and 60b
are used to prevent reverse gas flow through the
rearward facing ports 16c and 1éd. FIGURE 9
illustrates as alternate embodiment of the invention
in which the threads of the plug are covered with a
thread sealant material 61 thereby replacing the o-
ring. The inflator 40 of FIGURE 8 diagrammatically
shows a gas generator housing 54. Such gas generator
housing is shown in greater detail in United States
Patent 5,076,607. The gas generator housing is
located in the non—ptessure vessel portion 48 of the
inflator. As shown in FIGURE 9 plug 60 is inserted
within the threaded port 16a and bottoms out on the

PCT/US93/01126
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gas generator housing. The reaction force betweén the
plug and the gas generator housing provides for a
secure fit therebetween.

Accordingly, it can be seen that the present
invention satisfies the requirement that the hybrid
inflator be thrust neutral when it is not within an
air bag module; and additionally, when installed, as
part of an airbag‘module, inflation gases are directed
to flow only toward the airbag without requiring the
physical redirection or deflection. As such, all of
the inflation energy of the hybrid inflator is caused
to flow outwardly through one or more exit port(s) to
permit the direct flow of inflation gas into the air

" bag.

As can be seen from the above, phe present
invention permits the utilization of a pressure
vessel/hybrid inflator as a thrust neutral gas
container and also when such inflator is installed ir
an air bag module provides for the improved inflation
of the air bag. It should appreciated that since
inflation gases do not exit rearwardly from thse
inflator, heat energy is not lost due to the heating
up of closely spaced components such as the housing
52. The kinetic energy of the gas is maintained at a-
high level as the gas stream need not be redirected,
the support structures can be reduced in weight, cost,
etc. since they no longer have to be designed to
withstand the localized heating and pressurization
resulting from the impinging inflation gases.

Many changes and modifications in the above
described embodiment of the invention can, of course,

be carried out without departing from the scope

PCT/US93/01126
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thereof. Accordingly, the scope is intended to be
limited only by the scope of the appended claims.
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_9_
IN THE CLAIMS
1. An air bag module (50) comprising:

a inflator (40); an air bag (12) cooperatively _
disposed about the inflator to receive inflation gas
exiting the inflator; a structure (52) for supporting
at least the inflator; the inflator comprising:

@ pressure vessel (42) and a plurality of exit

ports (16) through which inflation gas exits the
inflator, the exit ports arranged to render the
inflator in a thrust neutral condition when the
inflator is not attached to the structure, the module
comprising first means (60) for closing a designated
set of exit ports to render the inflator in a non-
thrust neutral condition when supported by the
structure. ‘
2. The module as defined in Claim 1 wherein the exit
ports are arranged about a portion of the inflator
such that some of the inflation gas would normally
exit the designated set of exit ports in a first
direction generally opposite the direction cf
inflation of the air bag, and wherein the first means
comprises means to prevent the inflation gas from
flowiﬁg in such first direction.

3. The module as defined in Claim 2 wherein the
first means comprises méans to close all of the
designated exit ports, including those exit ports
which permit inflation gas to exit the inflator in the
first direction.

4, The module as defined in Claim 3 wherein the
first means includes a plug (60) received in each of
the designated exit ports.
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5. The module as defined in Claim 4 wherein each
plug (60) is received though a portion of the
structure such that if the inflator is removed from
the structure each plug must also be removed, thereby
opening all of previously closed exit ports and
rendering the inflation in its thrust neutral

condition once again.

6. The module as defined in Claims 4 wherein the
inflator (40) includes a walled member (52) opposite
the exit ports (16) and wherein an end of the plug 6
engages the walled member (52).

7. A hybrid inflator (40) for inflating an air bag,
the inflator comprising a plurality of exit ports
arranged thereon such that inflation gas may exit all
such exit ports rendering the inflator thrust neutral
and when the inflator is mounted proximate the air bag
and in a support structure, certain exit ports are
closed or sealed, thereby rendering the inflator in a

non-thrust neutral condition.

8. The inflator (40) as defined in Claim 7, wherein
the closure of the certain exit ports is achieved by
inserting a plug therein during assembly - of the
inflator to the support structure. '

9. The inflator, as defined in Claim 8, wherein when
it is desired to separate the inflator from the
cooperating support structure the plug must first be
removed to permit removal of the inflator thereby

rendering the inflator thrust neutral once again.
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