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(57) ABSTRACT 

An apparatus (10) for in?ating an in?atable vehicle occupant 
protection device (36) comprises a housing (12) and an 
in?ation ?uid source (34) in the housing for, When actuated, 
providing ?uid for in?ating the protection device. An elec 
trically actuatable initiator (38) is connected With the hous 
ing (12) for actuating the in?ation ?uid source (34). The 
apparatus (10) also comprises vehicle electric circuitry (37) 
for actuating the initiator (38) to actuate the in?ation ?uid 
source (34) in response to sensing an occupant protection 
event for Which in?ation of the protection device (36) is 
desired. A microelectromechanical system device (MEMS 
device) (52) in the apparatus is electrically energiZable to 
cause actuation of the in?ation ?uid source (34). Means (40) 
responsive to an event other than an occupant protection 
event energiZes the MEMS device to cause actuation of the 
in?ation ?uid source. The MEMS device (52), When ener 
giZed, generates heat for autoigniting the in?ation ?uid 
source (34) or for deactivating a secondary in?ation ?uid 
source. 
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AIR BAG INFLATOR WITH MECHANISM FOR 
DEACTIVATION OF SECOND STAGE AND 

AUTOIGNITION 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates to an in?ator for a 
vehicle occupant protection device. In particular, the present 
invention relates to an in?ator that includes (a) an autoigni 
tion mechanism and/or (b) a mechanism for the deactivation 
of the second stage of a dual stage air bag in?ator. 

[0003] 2. Description of the Prior Art 

[0004] An in?ator for an in?atable vehicle occupant pro 
tection device, such as an air bag, includes a source of 
in?ation ?uid. Some knoWn in?ators include an is autoigni 
tion device or mechanism. The autoignition device is oper 
able to actuate the in?ation ?uid source When the tempera 
ture of the in?ator reaches a predetermined temperature. 
Such actuation can avoid having the in?ator actuated at a 
higher temperature experienced, for example, in a vehicle 
?re When the in?ator housing has gotten so hot that the 
housing material has Weakened. 

[0005] Some in?ators are of the “dual stage” type and 
include tWo separate, independently actuatable in?ation 
?uid sources (“stages”). The tWo in?ation ?uid sources can 
be actuated simultaneously or at different times to tailor the 
rate and volume of ?oW of in?ation ?uid out of the in?ator. 
In some cases, only one of the in?ation ?uid sources is 
actuated, for example, When a relatively loW ?uid ?oW rate 
is desired. In these cases, the second in?ation ?uid source 
remains active after deployment of the air bag. It may be 
desirable, for safety reasons, to deactivate the second in?a 
tion ?uid source When it has not been used to in?ate the air 
bag. 

SUMMARY OF THE INVENTION 

[0006] The present invention is an apparatus for in?ating 
an in?atable vehicle occupant protection device. The appa 
ratus comprises a housing and an in?ation ?uid source in the 
housing for, When actuated, providing gas for in?ating the 
protection device. The apparatus also comprises an electri 
cally actuatable initiator connected With the housing for 
actuating the in?ation ?uid source. The apparatus further 
comprises vehicle electric circuitry for actuating the initiator 
to actuate the in?ation ?uid source in response to sensing an 
occupant protection event for Which in?ation of the protec 
tion device is desired. A microelectromechanical system 
device (MEMS device) in the apparatus is electrically ener 
giZable to cause actuation of the in?ation ?uid source. 
Means responsive to an event other than an occupant pro 
tection event energiZes the MEMS device to cause actuation 
of the in?ation ?uid source. 

[0007] In one embodiment, the means responsive to an 
event other than an occupant protection event comprises 
means responsive to an increase in temperature in the 
housing above a predetermined temperature. 

[0008] In another embodiment, the in?ation ?uid source 
comprises a primary in?ation ?uid source and a secondary 
in?ation ?uid source actuatable independently of each other. 
The means responsive to an event other than an occupant 
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protection event comprises means responsive to sensing of 
lapse of a predetermined period of time after actuation of 
only the primary in?ation ?uid source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The foregoing and other features of the present 
invention Will become apparent to one skilled in the art to 
Which the present invention relates upon consideration of the 
folloWing description of the invention With reference to the 
accompanying draWings, in Which: 

[0010] FIG. 1 is a sectional vieW of an in?ator in accor 
dance With a ?rst embodiment of the present invention, 
including an autoignition mechanism; 

[0011] FIG. 2 is a block diagram of the autoignition 
mechanism of FIG. 1; 

[0012] FIG. 3 is a schematic perspective vieW of a MEMS 
array that forms part of the autoignition mechanism of FIG. 
1; 
[0013] FIG. 4 is a cutaWay perspective vieW of one of the 
MEMS devices of the array of FIG. 3; 

[0014] FIG. 5 is an exploded perspective vieW of the 
MEMS device of FIG. 4; 

[0015] FIG. 6 is a schematic block diagram of an autoi 
gnition mechanism in accordance With a second embodi 
ment of the invention; 

[0016] FIG. 7 is a schematic illustration of an in?ator in 
accordance With a third embodiment of the present inven 
tion, including a second stage deactivation mechanism; 

[0017] FIG. 8 is a schematic illustration of an in?ator in 
accordance With a fourth embodiment of the present inven 
tion, including a second stage deactivation mechanism; and 

[0018] FIG. 9 is a schematic illustration of an in?ator in 
accordance With a ?fth embodiment of the present invention, 
including a second stage deactivation mechanism. 

DESCRIPTION OF EMBODIMENTS OF THE 
INVENTION 

[0019] The present invention relates to an in?ator for a 
vehicle occupant protection device. In particular, the present 
invention relates to an in?ator that includes (a) an autoigni 
tion mechanism and/or (b) a mechanism for the deactivation 
of the second stage of a dual stage air bag in?ator. As 
representative of the present invention, FIG. 1 illustrates an 
in?ator 10 that includes an autoignition mechanism. The 
in?ator 10 is of the type shoWn in US. Pat. No. 5,366,239 
and has a cylindrical housing 12, Which is centered on an 
axis 14. The housing 12 has a cylindrical outer side Wall 16 
and a circular end Wall 18. The outer side Wall 16 includes 
a plurality of gas outlet openings 20 in an array extending 
circumferentially around the outer side Wall. 

[0020] The housing 12 further includes a combustion cup 
22, Which is located radially inWard of the outer side Wall 16. 
The combustion cup 22 has a cylindrical side Wall 24 and a 
circular upper end Wall 26. The upper end Wall 26 of the 
combustion cup 22 is ?xed, such as by Welding, to the end 
Wall 18 of the housing 12. The side Wall 24 of the combus 
tion cup 22 has a plurality of gas ?oW openings 30 in an 
array extending circumferentially around the side Wall. 
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[0021] The housing 12 contains a ?lter assembly 32 
located in the annular space betWeen the combustion cup 22 
and the outer side Wall 16. The housing 12 also contains a 
knoWn, solid ignitable gas generating material 34 Within the 
combustion cup 22. The gas generating material 34 as 
illustrated is in the form of a plurality of stacked discs. The 
gas generating material 34 could, hoWever, have any other 
suitable con?guration knoWn in the art. 

[0022] The in?ator 10 is associated With an air bag shoWn 
schematically at 36. Vehicle electric circuitry indicated 
schematically at 37 is operative to actuate an initiator 38 in 
the event in?ation of the air bag 36 is desired to help protect 
a vehicle occupant. Actuation of the initiator 38 causes the 
gas generating material 34 to be ignited. When the gas 
generating material 34 is ignited, it rapidly produces a large 
volume of in?ation ?uid in the form of gas. The pressure 
inside the combustion cup 22 rises rapidly. The in?ation 
?uid ?oWs through the gas ?oW openings 30 and into the 
?lter assembly 32. The in?ation ?uid then ?oWs out of the 
in?ator 10, through the gas outlet openings 20, to in?ate the 
air bag 36. 

[0023] The in?ator 10 includes an autoignition mechanism 
40. The autoignition mechanism 40, shoWn schematically in 
FIG. 2, includes a pieZoelectric generator 42, an energy 
storage device 44, a temperature transducer 46, a controller 
or microprocessor 48, and a heat source 50 that comprises at 
least one microelectromechanical system (MEMS) device. 

[0024] The pieZoelectric generator 42 employs a pieZo 
electric crystal to generate electric energy When subjected to 
mechanical forces, such as vibration. The energy storage 
device 44 is electrically connected to the pieZoelectric 
generator 42. The energy storage device 44 is operable to 
store electrical energy generated by the pieZoelectric gen 
erator 42, and preferably comprises one or more capacitors. 

[0025] The temperature transducer 46 is electrically con 
nected to the energy storage device 44. The temperature 
transducer 46 is poWered by electrical energy generated by 
the pieZoelectric generator 42 and stored by the energy 
storage device 44. The temperature transducer 46 is operable 
to sense the temperature in the in?ator housing 12 at the 
location of the autoignition mechanism 40 and to create an 
electrical output indicative of the sensed temperature. 

[0026] The controller 48 is electrically connected to the 
energy storage device 44. The controller 48 is poWered by 
electrical energy generated by the pieZoelectric generator 42 
and stored by the energy storage device 44. The controller 48 
is connected to the output of the temperature transducer 46 
and receives the electrical output, Which is indicative of the 
sensed temperature. (A temperature transducer for the autoi 
gnition mechanism 40 may, alternatively, be located else 
Where in the in?ator 10 or outside the in?ator.) 

[0027] The controller 48 is electrically connected to the 
heat source 50, for controlling actuation of the heat source 
in a manner described beloW. The controller 48 may be a 
discrete controller chip or may, preferably, be electric cir 
cuitry included With and formed as one piece With other 
components of the autoignition mechanism 40 as one chip 
like device. The controller 48 may be programmed to set a 
predetermined autoignition temperature of the in?ator 10. 

[0028] The heat source 50 (FIGS. 3-5) comprises one or 
more microelectromechanical system (MEMS) devices 52. 
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In the illustrated embodiment, each one of the MEMS 
devices 52 is con?gured as shoWn in FIGS. 4 and 5. Each 
one of the MEMS devices 52 is a multi-layered device that 
may be manufactured in a manner similar to that described 
in European Patent Application EP 0 903 487 A2, and in the 
article D. LeWis, et al., “Digital Micropropulsion”, Sensors 
and Actuators A: Physical, Vol. 80, No. 2, Elsevier, March, 
2000, p. 143-154. 

[0029] Speci?cally, each MEMS device 52 includes a 
bottom layer or base 54 (FIGS. 4 and 5). The base 54 is 
made from a rectangular block of material the upper surface 
55 of Which includes electric circuitry 56. The electric 
circuitry 56 includes a plurality of individually energiZable 
electric heating elements 58 connected With terminal pins 
60. In the illustrated embodiment, the electric circuitry 56 
includes nine individually energiZable electric heating ele 
ments 58 connected With nine terminal pins 60. The nine 
heating elements 58 are spaced apart in a rectangular 3x3 
array on the base 54. 

[0030] The base 54 may be made using standard comple 
mentary metal oXide semiconductor (CMOS) processes. The 
base 32 may be made from silicon or other suitable material, 
such a polyimide or ceramic. The base 54 may be made from 
a composite layer including silicon or other suitable mate 
rial. The heating elements 58 may be polysilicon resistors or 
other micro-resistors. The electric circuitry 56 on the base 54 
may include address and control electronics. 

[0031] The MEMS device 52 also includes a middle layer 
62 formed on the base 54. The middle layer 62 includes a 
propellant block 64. The propellant block 64 de?nes a series 
of cylindrical plenums or propellant chambers 66. In the 
illustrated embodiment, the propellant block 64 includes 
nine propellant chambers 66. The nine propellant chambers 
66 are spaced apart in the propellant block 64 in the same 
rectangular 3x3 array as the nine heating elements 58 on the 
base 54. The heating elements 58 are associated in a one 
to-one relationship With the propellant chambers 66 for, 
When energiZed, heating the contents of the propellant 
chambers. 

[0032] One suitable material for the middle layer 42 is 
hard anodiZed aluminum. Another suitable material is Fotu 
ran brand photosensitive glass. Foturan is a registered trade 
mark of Schott GlasWerke of MainZ, Germany for its prod 
ucts made of glass or glass ceramic materials. These 
materials can be used to make very ?ne structures With tight 
tolerances and high aspect ratios (hole depth to hole Width). 

[0033] The middle layer 62 of the MEMS device 52 also 
includes, in each one of the chambers 66, contents that are 
ignitable by the heating elements. For eXample, each cham 
ber 66 may contain, or be, a container ?lled With an ignitable 
liquid. In the illustrated embodiment, the contents of the 
chambers 66 are bodies 68 of a solid propellant material, or 
pyrotechnic material, Which is actuatable, or ignitable, upon 
the application of heat, to generate heat. Each propellant 
body 68 has a generally cylindrical con?guration and sub 
stantially ?lls a respective one of the propellant chambers 
66. 

[0034] One suitable material for the propellant bodies 48 
is Zirconium potassium perchlorate, Which is commonly 
used in igniters for air bag in?ators. Another suitable mate 
rial is potassium dinitrobenZofuroXan (KDNBF). 
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[0035] The MEMS device 52 also includes a top layer or 
outer layer 70 having a plurality of individually rupturable 
segments or diaphragms 72, Which serve as burst disks. The 
diaphragms 72 may be thin-Walled portions of the outer 
layer 70. Nine diaphragms 72 are spaced apart in the ?exible 
outer layer 70 in the same rectangular 3x3 array as the nine 
propellant chambers 66 and the nine heating elements 58. 

[0036] The outer layer 70 may be made from a thin layer 
of metal. The diaphragms 72 may be a thin portions of the 
metal layer. The outer layer 50 may alternatively be made 
from aluminum tape or Kapton brand tape. The three layers 
54, 62, and 70 may be secured together by a knoWn bonding 
method, such as With a high performance adhesive tape or an 
aerospace grade RTV adhesive. 

[0037] The individual diaphragms 72 of the outer layer 70 
are associated in a one-to-one relationship With the indi 
vidual propellant chambers 66. Each diaphragm 72 closes a 
respective propellant chamber 66. Each one of the dia 
phragms 72 is rupturable due to an increase in pressure in its 
associated chamber 66 to enable ?oW of combustion prod 
ucts, including heat, out of the associated chamber. 

[0038] The individual MEMS devices 52 may be mounted 
in an array 80, as shoWn in FIG. 3. The bases 54 of all the 
MEMS devices 52 are electrically interconnected With each 
other. Lead Wires (not shoWn) electrically connect the ter 
minal pins 60 in the bases 54 With the controller 48. 

[0039] In the event of signi?cantly elevated temperature of 
the in?ator 10, such as may occur in a vehicle ?re, for 
eXample, the temperature transducer 46 provides an output 
signal indicative of the elevated temperature. The controller 
is 48 programmed to send an actuation signal to the heat 
source 50 if the temperature sensed by the temperature 
transducer 46 is at or above a predetermined temperature. 

[0040] The actuation signal sent by the controller 48 is 
received by the heat source 50. The MEMS devices 52 in the 
heat source 50 are actuated. When an individual heating 
element 58 of one of the MEMS devices 52 is energiZed, the 
heating element generates heat, Which is transmitted into the 
associated propellant body 68. The propellant body 68 
ignites and generates combustion products including heat 
and hot gases. 

[0041] The increased pressure in the propellant chamber 
66 causes the associated diaphragm 72 of the top layer 70 to 
rupture. The combustion products of all the MEMS devices 
52 are directed against the gas generating material 34. The 
MEMS devices 52 generate suf?cient heat to cause ignition 
of the gas generating material 34. 

[0042] The autoignition mechanism 40 may, alternatively, 
be located on or adjacent to the initiator 38 of the in?ator 10. 
In that case, actuation of the heat source 50 results in 
actuation of the initiator 38 and, thereby, ignition of the gas 
generating material 34. 

[0043] In the microthruster application described in Euro 
pean Patent Application EP 0 903 487 A2, each plenum or 
propellant chamber is about 1.5 mm tall (axial length) and 
up to about 0.7 mm in diameter. When MEMS devices of 
this type serve as a heat source for an autoignition mecha 
nism, the depth of each plenum chamber can be readily 
increased by a factor of at least tWo or three, and the 
diameter of each plenum chamber can be readily increased 
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by at least a factor of tWo. For eXample, each plenum or 
propellant chamber may have a diameter in the range of 
from about 0.5 mm to about 2 mm or more, and a height in 
the range of from about 1 mm to about 10 mm or more. 

[0044] Increasing both the diameter and depth of a plenum 
chamber by those factors can increase the volume of the 
plenum chamber by a factor of 12. A MEMS device 52 for 
use in the autoignition mechanism 40 and having an array 
comprising three to ?fteen plenum chambers may have a 
siZe in the range of about one-quarter inch square to one inch 
square. 

[0045] FIG. 6 illustrates schematically an autoignition 
mechanism 40a in accordance With a second embodiment of 
the invention. The autoignition mechanism 40a is usable in 
the in?ator 10 (FIG. 1) in place of the autoignition mecha 
nism 40. 

[0046] The autoignition mechanism 40a (FIG. 6) includes 
a thermal battery 90 and a microelectromechanical system 
(MEMS) device 92. The thermal battery 90 may be of the 
type described in US. Pat. No. 5,167,426, Which becomes 
electrochemically active When the ambient temperature 
reaches a temperature in a predetermined range of from 
about 300 degrees F. to about 400 degrees F. When active, 
the thermal battery 90 enables current to ?oW betWeen its 
tWo opposite poles. The battery 90 generates an output 
voltage suf?cient to actuate the MEMS device 92. 

[0047] The MEMS device 92 is of the type that generates 
heat When actuated. Thus, the MEMS device 92 may be of 
the type shoWn in FIGS. 1-5, including an ignitable pyro 
technic material. 

[0048] The autoignition mechanism 40a is located in the 
in?ator 10 adjacent the gas generating material 34. There 
fore, When the ambient temperature at the autoignition 
mechanism 40a equals or eXceeds a predetermined tempera 
ture, the thermal battery 90 becomes active. The battery 90 
generates an output voltage, Which causes actuation of the 
MEMS device 92. The MEMS device 92, When actuated, 
generates combustion products including heat. The heat 
causes actuation of the gas generating material 34, in a 
manner as described above With reference to the ?rst 
embodiment of the invention. 

[0049] FIG. 7 illustrates an in?ator 100 in accordance 
With a third embodiment of the present invention. The 
in?ator 100 uses a MEMS device to effect deactivation of a 
secondary stage of the in?ator. 

[0050] Speci?cally, the in?ator 100 includes ?rst and 
second stages or in?ation ?uid sources 102 and 104. Each 
one of the in?ation ?uid sources 102 and 104 is of a knoWn 
type and may comprise a quantity of ignitable gas-generat 
ing material, a combustible miXture of gases, or a quantity 
of stored gas together With non-gaseous pyrotechnic mate 
rial for heating the stored gas. 

[0051] The in?ator 100 also includes a ?rst initiator 106 
associated With the ?rst in?ation ?uid source 102 and a 
second initiator 108 associated With the second in?ation 
?uid source 104. The ?rst initiator 106 is electrically actu 
atable by an actuation signal to actuate the ?rst in?ation ?uid 
source 102. The second initiator 108 is electrically actuat 
able by an actuation signal to actuate the second in?ation 
?uid source 104. The ?rst and second initiators 106 and 108 
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are electrically separate and are independently actuatable. 
As a result, the ?rst and second in?ation ?uid sources 102 
and 104 are independently actuatable. 

[0052] The in?ator 100 includes a mechanism 110 for 
deactivating the second in?ation ?uid source 104 When 
desired, as described beloW. The deactivation mechanism 
110 includes a thermal battery 112 of the type described 
above With reference to FIG. 6. The thermal battery 112 
becomes electrochemically active When the ambient tem 
perature reaches a predetermined range of from about 300 
degrees F. to about 400 degrees F. When active, the thermal 
battery 112 enables current to ?oW betWeen its tWo opposite 
poles. The thermal battery 112 is located in thermal contact 
With the ?rst in?ation ?uid source 102. 

[0053] The deactivation mechanism 110 also includes a 
heat source 114. The heat source 114 includes one or more 

MEMS devices of the type described above With reference 
to FIGS. 1-5. The heat source 114 is located in thermal 
contact With the second initiator 108. The MEMS devices in 
the heat source 114 are electrically connected With the 
thermal battery 112 and are electrically actuatable by the 
output of the battery. 

[0054] In the event of a deployment crash condition 
involving sudden vehicle deceleration, or other event for 
Which protection of a vehicle occupant may be desired, 
vehicle electric circuitry including a controller or micropro 
cessor determines Whether or not to actuate the ?rst in?ation 
?uid source 102 and the second in?ation ?uid source 104. If 
both the ?rst in?ation ?uid source 102 and the second 
in?ation ?uid source 104 are actuated, the entire in?ator 100 
is no longer active. If, hoWever, only the ?rst in?ation ?uid 
source 102 is actuated, the second initiator 108 and the 
second in?ation ?uid source 104 remain active. It may then 
be desirable for safety reasons to deactivate the second 
initiator 108 and the second in?ation ?uid source 104. Such 
deactivation is effected With the deactivation mechanism 
110. 

[0055] Speci?cally, When the ?rst in?ation ?uid source 
102 is actuated, the ambient temperature at the ?rst in?ation 
?uid source equals or exceeds the predetermined tempera 
ture at Which the thermal battery 112 is electrochemically 
activated. The battery 112 generates an output voltage 
sufficient to actuate the MEMS devices in the heat source 
114. The heat source 114, When actuated, ignites the ignit 
able material in the second initiator 108. The second initiator 
108 causes actuation of the second in?ation ?uid source 104, 
as desired. 

[0056] FIG. 8 illustrates an in?ator 120 in accordance 
With a fourth embodiment of the present invention. The 
in?ator 120 includes primary and secondary stages or in?a 
tion ?uid sources 122 and 124. Each one of the in?ation ?uid 
sources 122 and 124 is of a knoWn type and may comprise 
a quantity of ignitable gas-generating material, a quantity of 
stored gas under pressure, a combustible miXture of gases, or 
a quantity of stored gas together With non-gaseous pyro 
technic material for heating the stored gas. 

[0057] The in?ator 120 also includes a primary initiator 
126 associated With the primary in?ation ?uid source 122 
and a secondary initiator 128 associated With the secondary 
in?ation ?uid source 124. The primary initiator 126 is 
electrically actuatable by an actuation signal over a lead Wire 
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130 to actuate the primary in?ation ?uid source 122. The 
secondary initiator 128 is electrically actuatable by an 
actuation signal over a lead Wire 132 to actuate the second 
ary in?ation ?uid source 124. The primary and secondary 
initiators 126 and 128 are electrically separate and are 
independently actuatable. As a result, the primary and sec 
ondary in?ation ?uid sources 126 and 124 are independently 
actuatable. 

[0058] The primary initiator 126 comprises an array 136 
of MEMS devices, such as the array 80 (FIG. 3). The array 
136 includes a plurality of individually actuatable MEMS 
devices. The secondary initiator 128 comprises a similar 
array 138 of MEMS devices. The array 138 includes a 
plurality of individually actuatable MEMS devices. 

[0059] The in?ator 120 also includes deactivation control 
circuitry (control logic) 140. The control circuitry 140 is 
operative to sense, or determine, Which ones of the MEMS 
devices of the primary and secondary arrays 136 and 138 are 
still “live”, that is, unactuated. The control circuitry 140 is 
also operative to actuate any live MEMS devices of the 
primary and secondary arrays 136 and 138 With a predeter 
mined time delay after ?ring of the in?ator 120. 

[0060] The control circuitry 140 may be contained in an 
electrical connector for one of the primary and secondary 
initiators 126 and 128 (in the illustrated embodiment, the 
secondary initiator). The control circuitry 140 may, alterna 
tively, be contained in a module located on the in?ator 120. 

[0061] The in?ator 120 includes an independent poWer 
source 142, such as the pieZoelectric generator and the 
energy storage device of FIG. 2, for providing poWer for the 
control circuitry 140 and the primary and secondary initia 
tors 126 and 128. The poWer source 142 is located in the 
primary stage 122 so that the pieZoelectric generator is 
operative to provide poWer for deactivation of the secondary 
stage 124 of the in?ator 120. 

[0062] When the in?ator 120 is actuated and only the 
primary in?ation ?uid source 122 is actuated, the MEMS 
devices in the secondary array 138 remain unactuated. In 
addition, selected ones of the MEMS devices in the primary 
array 136 may remain unactuated. 

[0063] The control circuitry 140 determines Which MEMS 
devices in the arrays 136 and 138 remain unactuated. After 
a predetermined time period, the control circuitry sends an 
actuating signal to the unactuated MEMS devices in the 
arrays 136 and 138. All the remaining unactuated MEMS 
devices in the arrays 136 and 138 are actuated, and the 
secondary in?ation ?uid source 124 is actuated (deactivated) 
as desired. The vehicle’s electronic control module is not 
needed to effect this secondary stage deactivation. 

[0064] FIG. 9 illustrates an in?ator 150 in accordance 
With a ?fth embodiment of the present invention. The 
in?ator 150 is a variable output hybrid in?ator. The in?ator 
150 includes a housing 152 de?ning a chamber 154. The 
chamber 154 contains a quantity of stored gas 156 under 
pressure, together With tWo separately actuatable bodies 158 
and 160 of pyrotechnic material for heating and pressuriZing 
the stored gas. 

[0065] The in?ator 150 includes a ?rst initiator 162 asso 
ciated With the ?rst body of pyrotechnic material 160 and a 
second initiator 164 associated With the second body of 
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pyrotechnic material 158. The ?rst initiator 162 is electri 
cally actuatable by an actuation signal over lead Wires 166 
to ignite the ?rst body of pyrotechnic material 160. The 
second initiator 162 is electrically actuatable by an actuation 
signal over lead Wires 168 to ignite the second body of 
pyrotechnic material 158. The ?rst and second initiators 162 
and 164 are electrically separate and are independently 
actuatable. As a result, the ?rst and second bodies of 
pyrotechnic material 160 and 158 are independently actu 
atable to control the output of the in?ator 150. 

[0066] The ?rst and second initiators 162 and 164 com 
prise arrays 172 and 174, respectively, of MEMS devices. 
Each array 172 and 174 includes a plurality of individually 
actuatable, heat generating MEMS devices. 

[0067] The in?ator 150 also includes deactivation control 
circuitry (control logic) 176. The control circuitry 176 is 
operative to sense, or determine, Which ones of the MEMS 
devices of the ?rst and second arrays 172 and 174 are still 
“live” (that is, unactuated). The control circuitry 176 is also 
operative to actuate any live MEMS devices of the ?rst and 
second arrays 172 and 174 With a predetermined time delay 
after actuation of the in?ator 150. 

[0068] The in?ator 150 also includes an independent 
poWer source 180, such as the pieZoelectric generator and 
the energy storage device of FIG. 2, for providing poWer for 
the control circuitry 176 and the ?rst and second initiator 
arrays 172 and 174. The poWer source 180 is located in the 
chamber 154 of the in?ator 150 so that the pieZoelectric 
generator, in response to the ?uid pressure in the chamber, 
provides poWer for deactivation of the in?ator as needed. 
FIG. 9 illustrates schematically the poWer source 180 as 
being made or assembled With the control logic 176. 

[0069] When the in?ator 150 is actuated and only the ?rst 
body of pyrotechnic material 160 is ignited, the MEMS 
devices in the second array 174 remain unactuated. In 
addition, selected one of the MEMS devices in the ?rst array 
172 may remain unactuated. 

[0070] The control circuitry 176 determines Which MEMS 
devices in the ?rst array 172 remain unactuated. After a 
predetermined time period, the control circuitry 176 sends 
an actuating signal to the unactuated MEMS devices in the 
?rst array 172, and to the MEMS devices in the second array 
174. All the remaining (unactuated) MEMS devices in the 
arrays 172 and 174 are actuated, and the second body of 
pyrotechnic material 158 is ignited (deactivated) as desired. 
The vehicle’s electronic control module is not needed to 
effect this second stage deactivation 

[0071] The MEMS heating element may, alternatively, be 
a reactive bridge. A reactive bridge is a Wire form bridge of 
bimetallic construction that yields thermal energy When 
energiZed electrically, principally by the release of alloy or 
intermetallic heat of formation from the chemically reacted 
metals. Reactive bridges are shoWn in US. Pat. Nos. 2,911, 
504 and 3,503,814, and are available commercially from 
Sigmund Cohn Corp., 121 South Columbus Avenue, mount 
Vernon, NY, Internet site WWW.sigmundcohn.com, under 
the brand name PYROFUZE®. When the tWo metallic 
elements of the reactive bridge are brought to the initiating 
temperature by How of electric current, they alloy rapidly 
resulting in instant de?agration Without support of oxygen. 

[0072] One advantage of using a reactive bridge is that it 
generates and disperses so much heat that it need only be 
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close to (and not in intimate contact With) the material that 
it is to ignite (such as solid propellant). A resistive heating 
element, on the other hand, must be maintained in intimate 
contact With the material being ignited. The reactive bridge 
can be deposited on the MEMS base layer by a number of 
different methods. 

[0073] From the above description of the invention, those 
skilled in the art Will perceive improvements, changes and 
modi?cations in the invention. Such improvements, changes 
and modi?cations Within the skill of the art are intended to 
be covered by the appended claims. 

Having described the invention, We claim: 
1. An apparatus for in?ating an in?atable vehicle occu 

pant protection device, said apparatus comprising: 

a housing; 

an in?ation ?uid source in said housing for, When actu 
ated, providing in?ation ?uid for in?ating the protec 
tion device; 

an electrically actuatable initiator connected With said 
housing for actuating said in?ation ?uid source; 

vehicle electric circuitry for actuating said initiator to 
actuate said in?ation ?uid source in response to sensing 
an occupant protection event for Which in?ation of the 
protection device is desired; 

a microelectromechanical system device (MEMS device) 
electrically energiZable to cause actuation of said in?a 
tion ?uid source; and 

means responsive to an event other than an occupant 
protection event for energiZing said MEMS device to 
cause actuation of said in?ation ?uid source. 

2. An apparatus as set forth in claim 1 Wherein said means 
responsive to an event other than an occupant protection 
event comprises means responsive to an increase in tem 
perature in said housing above a predetermined temperature. 

3. An apparatus as set forth in claim 2 Wherein said means 
responsive to an increase in temperature comprises a thermal 
battery operative to generate electric current for energiZing 
said MEMS device. 

4. An in?ator as set forth in claim 2 Wherein said means 
responsive to an increase in temperature comprises a tem 
perature transducer adjacent said in?ation ?uid source for 
sensing ambient temperature and for generating an electrical 
signal indicative of the ambient temperature. 

5. An in?ator as set forth in claim 1 Wherein said MEMS 
device is electrically energiZable in response to an increase 
in ambient temperature to produce combustion products 
including heat for actuating said in?ation ?uid source. 

6. An apparatus as set forth in claim 5 Wherein said 
MEMS device comprises an electrically energiZable heating 
element and a material ignitable by heat from said heating 
element to produce combustion products including heat for 
igniting said solid material. 

7. An apparatus as set forth in claim 1 Wherein said 
in?ation ?uid source comprises a primary in?ation ?uid 
source and a secondary in?ation ?uid source actuatable 
independently of each other; and 

said means responsive to an event other than an occupant 
protection event comprises second means for actuating 
said secondary in?ation ?uid source after actuation of 
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only said primary in?ation ?uid source, said second 
means including said MEMS device. 

8. An apparatus as set forth in claim 7 Wherein said means 
for actuating said secondary in?ation ?uid source after 
actuation of only said primary in?ation ?uid source com 
prises a thermal battery for generating an electric current for 
energiZing said MEMS device. 

9. An apparatus as set forth in claim 7 comprising primary 
and secondary initiators for actuating said primary and 
secondary in?ation ?uid sources, each one of said primary 
and secondary initiators comprising a plurality of MEMS 
devices, and further comprising electric circuitry for actu 
ating any of said MEMS devices that remain unactuated 
after actuation of said primary in?ation ?uid source. 

10. An in?ator for an in?atable vehicle occupant protec 
tion device, said in?ator comprising: 

a housing; 

an in?ation ?uid source in said housing for, When actu 
ated, providing ?uid for in?ating the protection device; 

an electrically actuatable initiator connected With said 
housing for, When actuated, actuating said in?ation 
?uid source; and 

an autoignition assembly actuatable in response to an 
increase in temperature in said housing above a prede 
termined temperature to cause actuation of said in?a 
tion ?uid source, said autoignition assembly compris 
ing an electrically energiZable microelectromechanical 
system device (MEMS device). 

11. An in?ator as set forth in claim 10 Wherein said 
autoignition assembly comprises a temperature transducer 
adjacent said in?ation ?uid source for sensing ambient 
temperature and for generating an electrical signal indicative 
of the ambient temperature. 

12. An in?ator as set forth in claim 11 Wherein said 
autoignition assembly comprises control circuitry program 
mable to set the predetermined autoignition temperature. 

13. An apparatus as set forth in claim 10 Wherein said 
autoignition assembly comprises a thermal battery operative 
to generate electric current for energiZing said MEMS 
device. 

14. An in?ator as set forth in claim 10 Wherein said 
MEMS device is electrically energiZable to produce com 
bustion products including heat for actuating said in?ation 
?uid source. 

15. An apparatus as set forth in claim 14 Wherein said 
MEMS device comprises an electrically energiZable heating 
element and a material ignitable by heat from said heating 
element to produce combustion products including heat for 
actuating said in?ation ?uid source. 

16. An apparatus as set forth in claim 10 Wherein said 
MEMS device has a siZe in the range of from about 
one-quarter inch square to about one inch square and 
includes an array of at least three plenum chambers. 

17. An apparatus as set forth in claim 10 Wherein said 
MEMS device comprises: 

an outer layer having a plurality of individually rupturable 
segments; 

a middle layer having a plurality of individual chambers 
associated in a one-to-one relationship With said rup 
turable segments of said outer layer and being closed 

Jul. 11, 2002 

by said rupturable segments, each one of said chambers 
having contents heatable to increase the pressure in said 
one chamber; and 

a base layer having a plurality of individually energiZable 
electric heating elements associated in a one-to-one 
relationship With said chambers for, When energiZed, 
heating the contents of said chambers; 

each one of said rupturable segments being rupturable due 
to an increase in pressure in its associated chamber to 
enable ?oW of combustion products including heat out 
of said chamber. 

18. An apparatus as set forth in claim 17 Wherein each one 
of said plurality of chambers is in the range of from about 
0.5 mm to about 2 mm in diameter and in the range of from 
about 1 mm to about 6 mm in height. 

19. An apparatus as set forth in claim 17 Wherein said 
electric heating elements are resistors made using a comple 
mentary metal oXide semiconductor (CMOS) process. 

20. An in?ator for an in?atable vehicle occupant protec 
tion device, said in?ator comprising: 

a primary in?ation ?uid source and a secondary in?ation 
?uid source actuatable independently of each other; 

vehicle electric circuitry for sensing an occupant 
protection event for Which in?ation of the protection 
device by only said primary in?ation ?uid source is 
desired and (ii) actuating said primary in?ation ?uid 
source to in?ate the protection device Without actuating 
said secondary in?ation ?uid source; and 

a microelectromechanical system device (MEMS device) 
electrically energiZable to actuate said secondary in?a 
tion ?uid source a predetermined period of time after 
actuation of said primary in?ation ?uid source in 
response to sensing of said occupant protection event. 

21. An in?ator as set forth in claim 20 Wherein said 
MEMS device is electrically energiZable in response to 
sensing a temperature in said in?ator above a predetermined 
temperature. 

22. An in?ator as set forth in claim 21 Wherein said 
primary in?ation ?uid source When actuated generates heat, 
and Wherein said MEMS device is electrically energiZable in 
response to sensing the heat of actuation of said primary 
in?ation ?uid source. 

23. An in?ator as set forth in claim 20 Wherein said 
MEMS device is electrically energiZable by vehicle electric 
circuitry at a predetermined time after actuation of said 
primary in?ation ?uid source upon sensing of said occupant 
protection event 

24. An in?ator as set forth in claim 20 Wherein said 
MEMS device is electrically energiZable to produce com 
bustion products including heat for actuating said secondary 
in?ation ?uid source. 

25. An apparatus as set forth in claim 20 Wherein said 
MEMS device has a siZe in the range of from about 
one-quarter inch square to about one inch square and 
includes an array of at least three plenum chambers. 

26. An apparatus as set forth in claim 20 Wherein said 
MEMS device comprises: 

an outer layer having a plurality of individually rupturable 
segments; 
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a middle layer having a plurality of individual chambers 
associated in a one-to-one relationship With said rup 
turable segments of said outer layer and being closed 
by said rupturable segments, each one of said chambers 
having contents heatable to increase the pressure in said 
one chamber; and 

a base layer having a plurality of individually energiZable 
electric heating elements associated in a one-to-one 
relationship With said chambers for, When energiZed, 
heating the contents of said chambers; 
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each one of said rupturable segments being rupturable due 
to an increase in pressure in its associated chamber to 
enable How of combustion products including heat out 
of said chamber. 

27. An apparatus as set forth in claim 26 Wherein each one 
of said plurality of chambers is in the range of from about 
0.5 mm to about 2 mm in diameter and in the range of from 
about 1 mm to about 6 mm in height. 


