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(57) Abrége/Abstract:

A multi-level output inflator (10) for Inflating an air bag in the event of a vehicle crash, comprising a housing, a wall section
disposed In the housing to define separate primary and secondary combustion chambers (18,20) therein. A primary initiator (30)
and primary propellant are disposed within the primary combustion chamber (18), and a secondary Initiator (32) and secondary
propellant are disposed with the secondary combustion chamber (20). The housing comprises a primary nozzle (22) In
communication with the primary combustion chamber (18), and a secondary nozzle (32) in communication with the secondary
combustion chamber (20). The primary and secondary Initiators (30,32) may be fired separately, simultaneously, or in a timed

seguence to Inflate the air bag at different rates and levels depending on the nature of the vehicle crash. A method of
assembling the components of the inflator Is also described and covered.
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(57) Abstract: A multi-level output inflator (10) for inflating an air bag in the event of a vehicle crash, comprising a housing, a wall

I~ section disposed in the housing to define separate primary and secondary combustion chambers (18,20) therein. A primary initiator

(30) and primary propellant are disposed within the primary combustion chamber (18), and a secondary initiator (32) and secondary
propellant are disposed with the secondary combustion chamber (20). The housing comprises a primary nozzle (22) in communi-
cation with the primary combustion chamber (18), and a secondary nozzle (32) in communication with the secondary combustion
o chamber (20). The primary and secondary initiators (30,32) may be fired separately, simultaneously, or in a timed sequence to inflate
the air bag at different rates and levels depending on the nature of the vehicle crash. A method of assembling the components of the

inflator 1s also described and covered.
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COMPACT DUAL NOZZLE AIR BAG INFLATOR

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to an intlator for an air bag or the
like and, more specifically, to a compact dual nozzle inflator which can selectively
release gas at difterent rates and levels and thus enable an air bag to be deployed

at different output levels in accordance with difterent sensor inputs.

Description of the Related Art

Recently, there has been a demand for controlling the rate and amount of
intlation of safety devices such as air bag restraint systems 1n accordance with
variables such as passenger size, position, seat belt usage and the velocity of a

vehicle at the time of collision.

In order to provide optimal occupant protection, different levels ot output
are required from the airbag intlator. For example, in a high speed collision with a
large belted person, full rapid inflation ot the air bag 1s required to provide the
best restraint. In lower speed crashes with smaller sized occupants or even out-oft-
position occupants, a lower, slower rate of inflation 1s required so as not to

inadvertently injure the occupant but still provide enough intlation to effect

appropriate restraint.

In currently available air bag inflators intended tor dual level or variable

output function, the performance 1s accomplished primarily with inflators which
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are made up ot two individual inflators sharing one diffuser, or by individual

propellant chambers 1n a common pressure vessel sharing one common nozzle.

Utilizing two separate inflators results in large, heavy and expensive
designs since nearly every component 1s duplicated. For example. there are two
distinct pressure vessels, with redundant closures, seals, and 1n some cases
diftusers. Additionally, there is the added requirement of securing the two
inflators to a common platform, which 1n turn increases cost, weight, and
complexity in manufacturing. One advantage of such a design is the ability to
operate separate nozzles for each of the two inflators. This provides flexibility in
tunctioning the 1ntlators at different times, depending on the output level required.,
with much more predictable and repeatable performance. Each nozzle is
optimized tor the specific propellant configuration present in the respective gas
generator. One propellant with different geometry, burn rate, and formulation
could be used independent of the other to tailor and optimize the inflator

performance.

The second approach of having separate propellant chambers encapsulated
1n one common pressure vessel results in more efficient packaging, and reduced
cost 1f the components are shared by the two propellant charges. However, the
primary disadvantage of such construction is that they typically share one common
nozzle tor all inflator output configurations. For example, a high output inflator
deployment requiring simultaneous combustion of both propellant chambers will
discharge all of inflator gases from one nozzle geometry. This nozzle is typically
optimized for the maximum output condition in order to keep operating pressures

within design limaits.
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Depending on the vehicle crash scenario, a deployment condition requiring
something less than full output. i.e., a staggered combustion ot the two propellant
charges, or combustion of just one propellant charge, may be initiated. Since the
nozzle has been optimized for full output, this reduced output performance will be
less than optimum, owing to lower combustion pressure often resulting in poor
repeatability, especially across the temperature range. The flexibility to
accommodate a wide range of performances with a single nozzle becomes very

limited. The problem is further exacerbated with the usage ot pressure sensitive,

“high slope” propellants such as those based on ammonium nitrate tormulations.

Consequently, there 1s a need for a cost-ettective, light-weight. compact,
simple multi-level inflator for air bags and the like. This need 1s met by the new

and improved inflator of the present invention.

SUMMARY OF THE INVENTION

[t is an object of the present invention, therefore, to overcome the
disadvantages of the prior art and to provide a cost-ettective, light-weight,

compact and simple multi-level inflator device which 1s reliable 1n operation.

A further object of the present invention is to provide a multi-level intlator
with two gas generators, which permits ignition of the generators either separately,

simultaneously or in a timed sequence to effect air bag inflation at ditferent rates

in accordance with sensor inputs resulting from a crash or the like.

It is a further object of the present invention to provide a multi-level inflator
which utilizes a common pressure vessel to provide two separate and distinct

propellant chambers with completely independent 1gnitors and nozzles.
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[t 15 an additional object of the present invention to provide such a multi-

level intlator which may be of the pyro or hybrid type.

Still another object of the present invention is to provide such a multi-level
intlator which is simple in construction and easy to assemble to minimize the cost

and size of the assembly.

These and other objects of the present invention are achieved by providing a
multi-level intlation device for inflating a vehicle safety restraint such as an air
bag comprising a common pressure vessel which is constructed to provide two
separate and distinct propellant chambers with independent ignitors. The
combustion gases do not communicate between the chambers so that they perform
as “‘separate’” intlators which maintaining the size and weight of a comparable
single stage inflator. The gases exit from separate nozzles in each chamber into a
common diffuser and screen assembly to minimize redundant components. The
intlator can be configured as either a variable output pyro inflator or a variable

output hybrid intlator with essentially the same components.

BRIEK DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a side elevational view in section of a first embodiment of the

multi-level inflator of the present invention;

Fig. 2 1s a side elevational view in section of a second embodiment of the

multi-level inflator of the present invention; and

Figs. 3A-3E are side elevational views in section of the components of the

multi-level inflator of the present invention in different stages of assembly.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 illustrates the first embodiment of the air bag intlator 10 of the
present invention of the all-pyro or direct intlation type. The inflator 10 generally
comprises a bottom housing or pressure vessel section 12, an upper housing or
pressure vessel section 14 connected to the bottom section 12, and a center or wall
section 16 connected to the top and bottom sections 12 and 14 to detine a primary

combustion chamber 18 and a secondary combustion chamber 20 that are separate

from each other.

The upper housing section 14 comprises a primary nozzle 22 and primary
rupture disk 24 adjacent the prumary combustion chamber, and a secondary nozzle
26 and secondary rupture disk 28 adjacent the secondary combustion chamber 20.
A primary initiator 30 1s mounted on the bottom housing section 12 and 1s
disposed in the primary combustion chamber 18. Similarly, a secondary 1nitiator
32 1s mounted on the bottom housing section 12 and 1s disposed 1n the secondary
combustion chamber 20. The initiators 30, 32 are connected to the bottom
housing section 12 in any suitable manner, such as by sleeves 34, 36, respectively.
Primary and secondary initiator connectors or shorting clips, 38, 40 ot any suitable
construction, are connected to the bottom of the bottom housing section 12 1n any

suitable manner, such as by retainers 40, 42, respectively.

A diffuser 46 1s mounted over the upper housing section 14 and 1s secured
thereto or to the lower housing section 12. A screen/heat sink 48 may be mounted
within the diffuser 46. The diffuser 46 and screen/heat sink 48 may be of any

suitable construction.
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A suitable primary propellant 50 1s disposed within the primary combustion
chamber 18 1n pellet form or in any other desired form. Simularly. a suitable
secondary propellant 52 1s disposed 1n the secondary combustion chamber 20 1n
pellet form or 1n any other desired form. The primary and secondary propellants
50, 52, may be the same or may be different, depending on the desired operation of

the 1inflator 10.

In the operation of the inflator 10, upon the sensing of a vehicle crash or the
like, the primary initiator 30 and/or secondary initiator 32 will be tired to 1gnite
the primary propellant 50 and/or the secondary propellant 52 to generate gas under
pressure 1n the ﬁrimary combustion chamber 18 and/or secondary combustion
chamber 20, respectively. When the gas pressure in the primary combustion
chamber 18 exceeds a predetermined value, the primary rupture disk 24 1s ruptured
to effect a gas flow through the primary nozzle 22 and the ditfuser 46 to intlate the
air bag (not shown) connected to the dittuser. Similarly, when the gas pressure 1n
the secondary combustion chamber 20 exceeds a predetermined value, the
secondary rupture disk 28 1s ruptured to effect gas tlow through the secondary

nozzle 26 and the diffuser 46 to inflate the air bag (not shown) connected to the

diffuser.

Depending on the nature of the vehicle crash and other variables such as
passenger size and position, only the primary initiator 30 may be fired, only the
secondary 1nitiator 32 may be fired, or the primary and secondary initiators 30, 32
may be fired simultaneously or 1n a timed sequence to establish different rates and

levels of 1nflation of the air bag.
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It will be noted that the inflator 10 1s compact, simple in construction and
thus low 1n weight. It utilizes a common housing or pressure vessel 12, 14 to
provide two separate and distinct combustion chambers 18 and 20 with completely
independent nozzles 22 and 26. respectively. The combustion gases do not
communicate between the primary combustion chamber 18 and secondary
combustion chamber 20, thereby providing “separate” intlators while maintaining
the size and weight of a comparable single stage inflator. By having the gases exit
from the separate nozzles 22. 26 into a common diffuser 46 and screen/heat sink

48, the redundant components are minimized.

As an 1llustrative example. the housing or pressure vessel 12, 14 and the
center section 16 preferably are formed of a suitable metal such as steel or
aluminum and are connected together 1n any suitable manner such as by welding
or the like. Because of 1ts stmple construction and minimum number of parts, the

inflator 10 can be fabricated easily and quickly in the manner shown in Figs. 3A-

3E.

As a first step. the primary and secondary 1nitiators 30, 32 are mounted on
the lower housing section 12 as shown in Fig. 3A. Thereatter. the center section
16 1s positioned within and secured to the bottom housing section 12 to separate
the primary and secondary 1gnitors, as shown in Fig. 3B. As a third step, the
primary and secondary propellants 50, 52 are positioned within the primary and

secondary combustion chambers 18, 20, respectively, as shown 1n Fig. 3C.

In the next step, the upper housing section 14 1s positioned over and

connected to the upper portions of the bottom housing section 12 and center
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section 16 as shown 1n Fig. 3D. Thereafter, the diffuser 46 and screen/heat sink

438 are mounted over and secured to the housing 12. 14. as shown in Fig. 3E.

Fig. 2 discloses a second embodiment of an intlator 10" of the present
invention which is of the hybrid type wherein an inert gas under pressure, such as
argon, 1s stored in the primary and secondary combustion chambers 18" and 20'.
The construction and operation ot the hybrid intlator 10" are substantially the

same as that of the all pyro inflator 10 shown 1n Fig. 1. with the exception of the

differences described hereinafter.

As shown 1n Fig. 2, the lower housing section 12" 1s provided with fill hole
60’ for introducing the 1nert gas under pressure into the primary combustion
chamber 18" and, through the bleed hole 62" in the center section 16, into the
secondary combustion chamber 20°. The hole 60" in lower housing section 12'1s
closed by a plug 64" of any suitable construction. In the operation of the hybrid
intlator 10', the bleed hole 62" 1s sufficiently small to minimize the flow of
pressurized intlation gas generated by the 1gnition of the primary and secondary

propellants between the primary and secondary combustion chambers 18" and 20"

The 1nflators 10 and 10" may be ot any suitable size and shape.
Preterably, the housing or pressure vessel 12, 14 or 12', 14" and the center section
16, 16" are generally cylindrical, and the upper portion of the central section
extends upwardly and outwardly for strength purposes and also to define an
appropriately large secondary combustion chamber 20°". Because of the inert gas
stored under pressure in the hybrid intlator 10', the components thereof may be

somewhat heavier in construction than those of the all pyro inflator 10.
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While the invention has been described in connection with what 1s presently
considered to be the most practical and preferred embodiment, it 1s to be
understood that the invention is not to be limited to the disclosed embodiment, but
on the contrary, is intended to cover various modifications and equivalent

arrangements included within the spirit and scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A multi-level output intlator tor inflating an air bag in the event of a

vehicle crash or the like, comprising:

a housing;

a wall section disposed 1n said housing to define a primary
combustion chamber and a secondary combustion chamber therein that are

separate from each other;

a primary initiator and primary propellant disposed within said

primary combustion chamber;

a secondary 1mitiator and secondary propellant disposed within said

secondary combustion chamber:

a primary nozzle 1n said housing in communication with said primary

combustion chamber; and

a secondary nozzle in said housing in communication with said

secondary combustion chamber:

whereby said primary 1nitiator and said secondary initiator are fired
separately, simultaneously or in a timed sequence to intflate the air bag at different

rates and levels depending on the nature of the vehicle crash.
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2. The inflator of claim 1 further comprising a primary rupture disk
mounted in said housing over said primary nozzle, and a secondary rupture disk
mounted 1n said housing over said secondary nozzle, said primary and secondary
rupture disks being constructed to rupture at predetermined gas pressures in said

primary and secondary combustion chambers.

3. The inflator of claim 1 wherein said wall section 1s a center section of
generally cylindrical shape which defines a substantially cylindrical secondary

combustion chamber surrounded by an annular primary combustion chamber.

4. The inflator of claim 3 wherein the upper portion of said center section

extends outwardly and upwardly.

5. The inflator of claim 1 wherein said housing comprises an upper section
and a lower section connected together, said primary and secondary initiators
being mounted on said lower housing section, and said primary and secondary

nozzles being disposed in said upper housing section.

6. The inflator of claim 5 wherein said wall section 1s a generally
cylindrical center section having its upper end connected to said upper housing
section and its lower end connected to said lower housing section to define a
generally cylindrical secondary combustion chamber and a generally annular

primary combustion chamber surrounding said secondary combustion chamber.

7. The inflator of claim 1 wherein a diffuser 1s mounted on said housing

near said primary and secondary nozzles.
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8. The inflator of claim 7 wherein a screen and heat sink are mounted

within said diffuser.

9. The inflator of claim 1 wherein a hole 1s provided 1n said housing tor
enabling a pressurized inert gas to be itroduced into said primary combustion

chamber, and a bleed hole 1s located 1n said wall section to enable said pressurized

gas to enter said secondary combustion chamber at a slow rate.

10. The inflator of claim 9 wherein a plug 1s mounted on said housing to

close said hole therein.

11. A method of assembling a multi-level output air bag intlator having a
Jower housing section, an upper housing section and a center section disposed
within said upper and lower housing sections to define separate combustion

chambers therein, comprising the steps of:

mounting primary and secondary initiators in spaced relation on said

lower housing section;

positioning said center section in said lower housing section and
securing it thereto to separate said primary and secondary initiators and to define

primary and secondary combustion chambers in said lower housing section;

placing primary and secondary propellants 1n said primary and

secondary combustion chambers;
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positioning said upper housing section with primary and secondary
nozzles therein over said lower housing section and said center section and
securing it thereto with said primary nozzle being in communication with said
primary combustion chamber and said secondary nozzle being in communication

with said secondary combustion chamber.

12. The method of claim 11, further comprising the step of positioning a
diffuser over said upper housing section adjacent said primary and secondary

nozzles.

13. The method of claim 12 wherein said lower housing section, said
central section, said upper housing section and said diffuser are formed of metal

and are connected by welding.



CA 02401361 2002-09-27

PCT/US01/09687

WO 01/72561

/7

I 1d3INOJ INVIZY do v

OdAd TV INILYOHS/HOLDINNOD _
Ol M
AE
JONVISISI -
— T35SI V% R
3YNSSIYd i ZAR N o N VY
Z| |

Q1IN YISV
— y3INID 91 N
| —% ﬂ ISV 1 9Npy-0
qO
JONVISISTY
NS 1V3IH
L M/NIINOS
QP
31ZZON
VAT
. 31ZZ0N _
AUVANODIS 43ISN44IG g

97 9v

SUBSTITUTE SHEET (RULE 26)



PCT/US01/09687

WO 01/72561

dId9AH

SUBSTITUTE SHEET (RULE 26)



CA 02401361 2002-09-27

WO 01/72561 PCT/US01/09687

3/7

FIG. 3A

N
—
L
N
U
L
>
=
=
A @
, oD
N 1 ] = O
m/\ ‘_‘——/r——! g 'E
B U I i S5
— ~ %
O O
= <<
Z —
=
75
oom
B
sl
F] =3 L]
A= 7
j —
- .
S
S,

SUBSTITUTE SHEET (RULE 26)



CA 02401361 2002-09-27

PCT/US01/09687

WO 01/72561

4/7

de Ol

14SS4A NOLL0E Ol
1SOd d3IN4O d13M NOILOINA —

¢ ddlS

SUBSTITUTE SHEET (RULE 26)



CA 02401361 2002-09-27

PCT/US01/09687

WO 01/72561

5/7

Jc Ol

SUFHAVHO AdVANOOIS NV
AdVIdd OINI SNIVHO INV1Idd0dd dN0d -
¢ ddlS

SUBSTITUTE SHEET (RULE 26)



CA 02401361 2002-09-27

PCT/US01/09687

WO 01/72561

6/7

dec Old

AISNOANVLINWIS 13SS3A WOLLOY
UNV 1S0d d4INJ0 Ol d01 d73M NOILOIMd —

¥ ddlS

N

W

SUBSTITUTE SHEET (RULE 26)



CA 02401361 2002-09-27

PCT/US01/09687

WO 01/72561

7/7

14554A JdNSS3dd 401 OINO d3SN4410 @13Im
NAHL 44SN441d JAISNI NIFYIS FoVid -

14553A JdNSSddd dO0L JHL NO JOVANNS

d41N0 JHL WOd4 HSVI4 Q1IM JAONIY -
G d3lS

4 _ /

9 vl

1%

SUBSTITUTE SHEET (RULE 26)



46 20
" SECONDARY

NOZZLE

22

227777k, M vozzie

| N[ <l 48
i NOZZLE RUPTURE \& A s py
. S VN HEAT SINK
| RESISTANCE \‘\‘\ ,”;
R A FRCTION WELD |
O0-—-RING ‘ LASER § ; (
WD N 16 CENTER /
N 50 SECTON [
2 N 7

N
N

&@ LASER WELD
FRICTION
O wEW /
// s

” PRESSURE
//// VESSEL

I — .

RESISTANCE
» WELD
N\ 4‘0
ONNECTOR /SHORTING ALL PYRO

CLIP RETAINER CONCEPT |l



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - abstract drawing

