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Activating at least one ignition source in communication with the at least one electric circuit board with a control unit , whereby the at least one pyrotechnic gas generating 
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AIRBAG SYSTEM AND RELATED 
METHODS OF INFLATING AN AIRBAG 

[ 0006 ] Thus , a heretofore unaddressed need exists in the 
industry to address the aforementioned deficiencies and 
inadequacies . 

CROSS REFERENCE TO RELATED 
APPLICATION SUMMARY OF THE DISCLOSURE 

[ 0001 ] This application claims benefit of U.S. Provisional 
Application Ser . No. 62 / 819,983 entitled , “ Airbag integrated 
inflator ” filed Mar. 18 , 2019 , the entire disclosure of which 
is incorporated herein by reference . 

FIELD OF THE DISCLOSURE 

[ 0002 ] The present disclosure is generally related to air 
bags and more particularly is related to an airbag system and 
related methods of inflating an airbag . 

BACKGROUND OF THE DISCLOSURE 

[ 0003 ] Airbags are widely used in the transportation 
industry to absorb the force of impacts on human beings 
during accidents , crashes , or other situations where injuries 
can occur due to rapid decelerations or changes in momen 
tum . With automobiles , airbags are positioned in various 
locations within the cabin , such as on the steering wheel , by 
the side curtain , on the doors , or other locations . When an 
accident or other situation with the potential to injure the 
human occupants is sensed , these airbags are rapidly inflated 
to occupy a position where the human being is likely to be 
forced , such that the airbag can absorb the force of the 
movement . 

[ 0004 ] FIG . 1 is a cross - sectional illustration of an airbag , 
in accordance with the prior art . As shown , the airbag 10 
includes an airbag cushion 12 which is positioned within an 
airbag compartment 14. Inflation of the airbags is commonly 
achieved with a pyrotechnic device 16 which is positioned 
outside of the airbag compartment but near the airbag 
cushion 12. When the pyrotechnic device 16 is ignited , the 
pyrotechnic substance generates a gas which is directed into 
the airbag cushion 12 to inflate it . Commonly the pyrotech 
nic device is housed within a thick , metal housing 18 , which 
is desirable to ensure that the force of the exploding pyro 
technic substance and the resulting gas is directed into the 
airbag cushion 12 to inflate it rapidly . 
[ 0005 ] However , this thick metal housing 18 of the pyro 
technic device 16 has drawbacks , as these metal housings 
can add a considerable amount of weight and size to the 
overall airbag device . For example , the pyrotechnic sub 
stance itself is typically about 50 g - 100 g while the metal 
housing can be 500 g - 1000 g in weight . This size and weight 
can limit where the airbag can be positioned within a 
vehicle , which in turn , can limit its effectiveness . For 
instance , vehicles with small interiors , e.g. , ATVs or motor 
cycles , may not have the spatial room for airbags in certain 
locations , which can result in a vehicle having less - than 
optimal safety features . Additionally , there are a variety of 
non - traditional settings which would benefit from the use of 
airbags , but they haven't been incorporated due to the 
weight and size requirements . For example , motorcycles , 
bicycles , horses , ATVs , or other settings could experience a 
sudden deceleration or fall or collision with another object 
or person which could possibly cause injury to the object or 
human or animal . Incorporating airbags into these environ 
ments is desirable and would help decrease injuries . 

[ 0007 ] Embodiments of the present disclosure provide an 
airbag system and related methods of inflating an airbag . 
Briefly described , in architecture , one embodiment of the 
system , among others , can be implemented as follows . The 
airbag system has an airbag cushion having an interior 
cavity . At least one pyrotechnic gas generating compound is 
positioned within the interior cavity of the airbag cushion . At 
least one ignition source is in communication with the at 
least one pyrotechnic gas generating compound . A control 
unit is in communication with the at least one ignition 
source , wherein activation of the at least one ignition source 
by the control unit causes the at least one pyrotechnic gas 
generating compound to inflate the airbag cushion . 
[ 0008 ] The present disclosure can also be viewed as 
providing an airbag system having an airbag cushion with an 
interior cavity . At least one pyrotechnic gas generating 
compound is positioned within the interior cavity of the 
airbag cushion . At least one electric circuit board is posi 
tioned within the interior cavity of the airbag cushion , 
wherein the at least one pyrotechnic gas generating com 
pound is positioned in close proximity to the at least one 
electric circuit board . At least one ignition source is in 
communication with the at least one electric circuit board . A 
control unit is in communication with the at least one 
ignition source , wherein activation of the at least one igni 
tion source by the control unit causes ignition of the at least 
one pyrotechnic gas generating compound , whereby the 
airbag cushion is inflated . 
[ 0009 ] The present disclosure can also be viewed as 
providing methods of inflating an airbag . In this regard , one 
embodiment of such a method , among others , can be broadly 
summarized by the following steps : providing an airbag 
cushion having an interior cavity and at least one pyrotech 
nic gas generating compound positioned within the interior 
cavity of the airbag cushion ; positioning at least one electric 
circuit board within the interior cavity of the airbag cushion , 
wherein the at least one pyrotechnic gas generating com 
pound is in close proximity to the one electric circuit board ; 
and activating at least one ignition source in communication 
with the at least one electric circuit board with a control unit , 
whereby the at least one pyrotechnic gas generating com 
pound is ignited and the airbag cushion is inflated . 
[ 0010 ] Other systems , methods , features , and advantages 
of the present disclosure will be or become apparent to one 
with skill in the art upon examination of the following 
drawings and detailed description . It is intended that all such 
additional systems , methods , features , and advantages be 
included within this description , be within the scope of the 
present disclosure , and be protected by the accompanying 
claims . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0011 ] Many aspects of the disclosure can be better under 
stood with reference to the following drawings . The com 
ponents in the drawings are not necessarily to scale , empha 
sis instead being placed upon clearly illustrating the 
principles of the present disclosure . Moreover , in the draw 
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ings , like reference numerals designate corresponding parts 
throughout the several views . 
[ 0012 ] FIG . 1 is a cross - sectional illustration of an airbag , 
in accordance with the prior art . 
[ 0013 ] FIG . 2 is a diagrammatical , cross - sectional illus 
tration of an airbag system , in accordance with a first 
exemplary embodiment of the present disclosure . 
[ 0014 ] FIG . 3 is a diagrammatical , cross - sectional illus 
tration of the airbag system of FIG . 2 , in accordance with the 
first exemplary embodiment of the present disclosure . 
[ 0015 ] FIG . 4 is a diagrammatical , cross - sectional illus 
tration of the airbag system of FIGS . 2-3 , in accordance with 
the first exemplary embodiment of the present disclosure . 
[ 001 ] FIG . 5 is a diagrammatical , cross - sectional illus 
tration of the airbag system of FIG . 1 , in accordance with the 
first exemplary embodiment of the present disclosure . 
[ 0017 ] FIG . 6 is a diagrammatical , cross - sectional illus 
tration of the airbag system , in accordance with the first 
exemplary embodiment of the present disclosure . 
[ 0018 ] FIG . 7 is a diagrammatical , cross - sectional , plan 
view illustration of the airbag system , in accordance with the 
first exemplary embodiment of the present disclosure . 
[ 0019 ] FIGS . 8A - 8B are diagrammatical , cross - sectional 
illustrations of electric circuit boards used with the airbag 
system , in accordance with the first exemplary embodiment 
of the present disclosure . 
[ 0020 ] FIG . 9 is a diagrammatical , cross - sectional illus 
tration of the airbag system of FIGS . 6-7 , in accordance with 
the first exemplary embodiment of the present disclosure . 
[ 0021 ] FIG . 10 is a diagrammatical , cross - sectional illus 
tration of the airbag system of FIGS . 6-7 , in accordance with 
the first exemplary embodiment of the present disclosure . 
[ 0022 ] FIG . 11i is a flowchart illustrating a method of 
inflating an airbag , in accordance with the first exemplary 
embodiment of the present disclosure . 

any situation when a rapid inflation of a bag is desirable . 
Expanding the use of airbags is one benefit of the subject 
disclosure , among others which are described with reference 
to the figures . 
[ 0025 ] FIG . 2 is a diagrammatical , cross - sectional illus 
tration of an airbag system 110 , in accordance with a first 
exemplary embodiment of the present disclosure . The airbag 
system 110 includes an airbag cushion 120 having an 
interior cavity 122. The airbag cushion 120 is generally 
characterized as an inflatable structure formed from one or 
more materials which are flexible or fabric - like . The airbag 
cushion 120 may have a variety of sizes and shapes , either 
when deflated or when inflated . As shown in FIG . 2 , the 
airbag cushion 120 has a central folded region 124 which 
extends from a first side of the airbag cushion 120 towards 
the opposing side , but which ceases prior to contacting the 
opposing side . The central folded region partially separates 
the interior cavity 122 into two portions 126A , 126B . The 
folded position of the airbag cushion 120 fabric , as shown in 
FIG . 2 , may allow the gas generation to take place with the 
most efficiency and least damage to the integrity of the 
airbag cushion 120 fabric . 
[ 0026 ] At least one pyrotechnic gas generating compound 
130 is positioned within the interior cavity 122 of the airbag 
cushion 120 and placed within one of the two portions 126A , 
126B . In the first exemplary embodiment , two portions of 
the pyrotechnic gas generating compound 130 may be used , 
with a first portion positioned on one side of the central 
folded region 124 in the first portion 126A , and a second 
portion of the pyrotechnic gas generating compound 130 
positioned on a substantially opposite side of the central 
folded region 124 in the second portion 126B . In this 
arrangement , the pyrotechnic gas generating compound 130 
is positioned substantially parallel to the central folded 
region 124. It may be desirable for the pyrotechnic gas 
generating compound 130 to be shaped in a form and 
strategically placed within the airbag cushion cavity folds , 
such that when ignited , the gas can distribute properly and 
with minimal reactive thrust . The pyrotechnic gas generat 
ing compound 130 may include various pyrotechnic ignition 
mixes or various primary explosives which generate gas 
when ignited . In one example , the pyrotechnic gas generat 
ing compound 130 is formed as thin sheets or substantially 
flat , planar structures which are positioned substantially 
parallel to the central folded region 124 . 
[ 0027 ] While the materials forming the pyrotechnic gas 
generating compound 130 may vary , depending on the 
design of the airbag system 110 , one particular example of 
the pyrotechnic gas generating compound 130 was formed 
from a mixture of a dry powder mixture of 6.13 g of 
ammonium nitrate , 2 g of silver nitrotetrazole and 1.87 g of 
5 - amino - tetrazole ( anhydrous ) . Therefore , the proportion of 
approximately 61.3 % ammonium nitrate , 20 % silver nitro 
tetrazole and 18.7 % 5 - amino - tetrazole ( anhydrous ) was 
used . This pyrotechnic gas generating compound 130 was 
evenly spread over a circular area of 616 cm² ( a 14 cm 
radius circle ) . A high voltage spark gap electronic initiator 
with 0.015 g of silver nitrotetrazole placed in between the 
high voltage electrodes was used to ignite the explosive 
sheet . The electricity was conducted to the spark gap via 5 
mm wide 0.025 mm thick copper foil tapes . Both the 
pyrotechnic gas generating compound 130 and the copper 
foil tape were mounted on a thin polyethylene sheet . The 
spark gap initiator together with the silver nitrotetrazole was 

DETAILED DESCRIPTION 

[ 0023 ] To improve over the shortcomings of conventional 
airbags , the subject disclosure is directed to an integrated 
inflatable protection vice or airbag which has an inflator 
incorporated into the interior cavity of the airbag cushion 
itself . Enclosing the pyrotechnic gas generator and igniter 
within the airbag cushion is different than what convention 
ally exists , since conventional airbag systems have a sepa 
rate pyrotechnic gas generator which is housed within its 
own metal housing together with the igniter , filters and other 
parts and is attached to the airbag cushion from the outside . 
Locating the inflator within the airbag cushion eliminates the 
need for a separate pyrotechnic gas inflator structure for the 
inflation of an airbag , thereby reducing its size and weight . 
In turn , this allows for the use of airbag technology in 
vehicles or situations when weight and size are limiting the 
use of traditional non - integrated airbag technology . 
[ 0024 ] For example , conventional airbags cannot be used 
in situations where the airbag is attached to the human body 
due , in part , to the excess weight of a heavy and bulky metal 
gas inflator . The airbag system disclosed herein may be used 
by mounting it on any moving or stationary object or moving 
or stationary person such as car , motorcycle , bicycle , horse , 
human , pet animals , other animals , hang glider , hot air 
balloon basket , airplane or others , where an accident , a 
sudden deceleration , or fall or collision with another object 
or person would possibly cause injury to the object or human 
or animal and protection with an airbag is desirable , or in 
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placed in the center of the circularly placed thin layer of 
pyrotechnic gas generating compound 130. Upon applica 
tion of high voltage , the silver nitrotetrazole detonated and 
initiated a detonation in the entirety of the thin circularly 
shaped pyrotechnic ignition mix within the airbag cushion 
120 fabric . 
[ 0028 ] At least one ignition source 140 is in communica 
tion with the pyrotechnic gas generating compound 130. The 
ignition source 140 may include various different types of 
igniters or combinations of igniters . For example , the igni 
tion source 140 may include an electric ignition source , a 
heat - generating ignition source , a vibration ignition source , 
and / or a laser ignition source , all of which are represented 
schematically in FIG . 2. The connection or communication 
between the ignition source 140 and the pyrotechnic gas 
generating compound 130 or the airbag cushion 120 may 
vary depending on the specific ignition source 140 used . For 
example , an electric ignition source may transmit an electric 
signal or current to the pyrotechnic gas generating com 
pound 130 , or other structures located nearby . Similarly , the 
heat - generating ignition source may communicate a quantity 
of heat to the pyrotechnic gas generating compound 130 , the 
vibration ignition source may transmit a physical or 
mechanical vibration to the pyrotechnic gas generating 
compound 130 , and the laser ignition source may commu 
nicate a quantity of light to the pyrotechnic gas generating 
compound 130. Various physical devices or arrangements 
may be used to communicate the ignition , such as electrical 
wires , thermal connectors , fiber optical cables , and / or physi 
cal contact , all of which are represented at 142 schematically 
in FIG . 2 . 
[ 0029 ] A control unit 160 is in communication with the at 
least one ignition source 140. The control unit 160 may be 
an electronic device , a computerized device , or another type 
of electro - mechanical device capable of controlling ignition 
of the ignition source 140. The control unit 160 may control 
the timing and / or functionality of the ignition sources 140 
via a wired or wireless communication medium . For 
example , for automobiles , the control unit 160 may be a 
computerized device which utilizes sensors positioned 
within the vehicle to monitor for forces which warrant 
airbag deployment . The control unit 160 may be in electrical 
communication with the ignition source 140 , such that it can 
send an appropriate activation signal to the ignition source 
140 to ignite it , either directly or indirectly , or to perform 
another function . Once the ignition source is ignited , it 
detonates or deflagrates to cause the pyrotechnic gas gen 
erating compound 130 to generate a gas which inflates the 
airbag cushion 120 . 
[ 0030 ] FIG . 3 is a diagrammatical , cross - sectional illus 
tration of the airbag system 110 of FIG . 2 , in accordance 
with the first exemplary embodiment of the present disclo 
sure , and FIG . 4 is a diagrammatical , cross - sectional illus 
tration of the airbag system 110 of FIGS . 2-3 , in accordance 
with the first exemplary embodiment of the present disclo 
sure . In particular , FIGS . 3-4 diagrammatically illustrate 
different phases of inflation of the airbag cushion 120 after 
the pyrotechnic gas generating compound 130 was deto 
nated and gas was generated within the cavity of the airbag 
cushion 120. As can be seen in FIG . 3 , when the pyrotechnic 
gas generating compound 130 is initially ignited , gas 132 is 
created which fills the interior cavity 122 of the airbag 
cushion 120. This causes the central folded region 124 to 
separate , such that portions 126A and 126B are moved away 

from one another as the airbag material forming the central 
folded region 124 is pushed outwards . As shown in FIG . 4 , 
the gas 132 may substantially fill the interior cavity 122 of 
the airbag cushion 120 , such that the central folded region 
124 is greatly minimized or eliminated . The eventual shape 
of the airbag cushion 120 may vary , depending on design , 
but it many cases it may have a substantially spherical or 
spheroid shape . 
[ 0031 ] While inflation occurs , a pressure relief structure 
128 may start to open . The pressure relief structure 128 may 
be optionally included , and may include various types of 
structures , such as valves or small openings in the airbag 
cushion 120 , which allows for regulation of the inflation 
pressure in the airbag cushion 120 during and after the 
inflation action . For example , the pressure relief structure 
128 may be small enough to ensure the gas 132 fills or 
substantially fills the interior cavity 122 , yet allow some or 
all of the gas to escape the interior cavity 122 after a certain 
period of time to fully or partially deflate the airbag cushion 
120. The amount of time for the airbag cushion 120 to 
remain inflated may commonly be just long enough to 
prevent injury during an accident . 
[ 0032 ] As shown in FIGS . 2-4 , the interior cavity 122 of 
the airbag cushion 120 may include a heat absorbing powder 
134 , or heat dispersing powder , which is positioned near the 
pyrotechnic gas generating compound 130. The heat absorb 
ing powder 134 may be used to lower the temperature of the 
expanding gas 132 when the pyrotechnic gas generating 
compound 130 is ignited . In one example , the heat absorbing 
powder 134 may be a graphite powder , however other 
materials may also be used . 
[ 0033 ] FIG . 5 is a diagrammatical , cross - sectional illus 
tration of the airbag system 110 of FIG . 1 , in accordance 
with the first exemplary embodiment of the present disclo 
sure . FIG . 5 illustrates exemplary components which form 
the airbag cushion 120. It is desired for the airbag cushion 
120 fabric to be made of a material that is strong and heat 
resistant enough to withstand the mechanical force and 
temperature of the expanding gas . In some situations , a 
multilayered airbag cushion 120 fabric may be used , where 
a heat resistant layer of fabric is combined with layers of 
fabric that possess high tensile strength and possibly another 
layer that provides for proper level of gas permeability , in a 
sandwiched multilayer fashion . As shown in FIG . 5 , the 
layers which form the wall or fabric of the airbag cushion 
120 may include an inner layer 120A formed from a heat 
resistant material , such as a high - temperature resistant ther 
mal insulating fiberglass fabric , for instance , a vermiculite 
coated fiberglass fabric . This heat - resistant material of the 
inner layer 120A may allow the airbag cushion 120 to 
maintain its integrity despite elevated temperature from the 
ignition of the pyrotechnic gas generating compound 130 . 
The middle layer 120B may be a low gas permeability 
material , such as a nylon which prevents gas 132 from 
escaping the airbag cushion 120 through the fabric itself . 
The outer layer 120C may be a high tensile strength mate 
rial , such as a high tensile strength nylon which can add 
structural durability to the airbag cushion 120 and contact 
with the human being when the airbag system 110 is 
deployed . 
[ 0034 ] As can be understood , the present disclosure can be 
used to eliminate the conventional heavy and bulky metal 
housing used in current airbag modules by incorporating the 
pyrotechnic gas generating compound 130 directly into the 
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airbag cushion 120. This may eliminate upwards of 500 
g - 1,000 g in weight from the lack of the metal housing , and 
also lessen the spatial requirements of the airbag , which in 
turn , allows for it to be used in more settings . Additionally , 
it is also noted that the present disclosure recognizes that 
spreading the explosion of the pyrotechnic gas generating 
compound 130 over a larger area of the airbag fabric may 
decrease its explosive impact on the fabric , which maintains 
the integrity of the airbag fabric and lessen the chances of a 
rupture in the airbag fabric throughout the explosion . Cer 
tain mixes of pyrotechnic gas generating compounds 130 
can be detonated if constructed in a thin sheet layer and 
ignited in one or more areas while the detonation or defla 
gration can spread to the entirety of the thin explosive sheet , 
and thus spread evenly throughout the interior cavity 122 of 
the airbag cushion 120 . 
[ 0035 ] The airbag system 110 described relative to FIGS . 
2-5 diagrammatically illustrates the use of one or more 
ignition sources 140 , while FIGS . 6-7 provide a more 
specific example of the airbag system 110 ignition . FIG . 6 is 
a diagrammatical , cross - sectional illustration of the airbag 
system 110 and FIG . 7 is a diagrammatical , cross - sectional , 
plan view illustration of the airbag system 110 , both in 
accordance with the first exemplary embodiment of the 
present disclosure . In particular , FIGS . 6-7 illustrate the 
airbag system 110 being used with an ignition source 140 
located at least partially within the interior cavity 122 of the 
airbag cushion 120 itself . As shown , the ignition source 140 
includes one or more electric circuit boards 144 within the 
inner cavity 122 in a position which substantially abuts , 
sandwiches , is in close proximate to , or very close proximity 
to , or is immediately near or next to the pyrotechnic gas 
generating compound 130. For example , the one or more 
electric circuit boards 144 may be substantially touching the 
pyrotechnic gas generating compound 130 , or it may be 
positioned a only a few millimeters or centimeters from the 
pyrotechnic gas generating compound 130. The one or more 
electric circuit boards 144 may be connected to a source for 
ignition , which in FIGS . 6-7 is an electrical ignition source 
140A which supplies or generates electric power and trans 
mits a current through wires 142A to the electric circuit 
boards 144. Each of the pyrotechnic gas generating com 
pounds 130 , if more than one is present , may have one or 
more electric circuit boards 144 positioned near it . 
[ 0036 ] The electric circuit board 144 may be sheets or a 
sheet which contain multiple electrical circuits in a circuit 
board fashion , thereby allowing flow of electricity to mul 
tiple regions of the electric circuit board 144 sheet . The 
electric circuit board 144 sheets may be connected via wires 
142A to the electrical ignition source 140A , which are 
guided through one or more small openings in the airbag 
cushion 120. The electrical ignition source 140A may 
include an electronic heat unit that generates electrical 
current high enough to either heat the electric circuit board 
144 sheets directly by rapidly heating a properly sized 
resistant wire or foil , or the electrical ignition source 140A 
may transmit an electrical current which produces electric 
sparks or electric are discharges in between the two electric 
circuit board 144 sheets or between multiple areas of a single 
electric circuit board 144 sheet . The electric sparks or 
electric arc discharges may occur between different points of 
each electric circuit board 144 sheet to ignite the pyrotechnic 
gas generating compound 130 positioned therebetween . 

[ 0037 ] Accordingly , it is possible for only one electric 
circuit board 144 to be used , whereby electric sparks or arcs 
discharges occur between different parts of the same board , 
and this single electric circuit board 144 may be flat or 
shaped otherwise . For example , the single electric circuit 
board 144 may have a curved or bend portion , or may be 
substantially U - shaped , such that part of the electric circuit 
board 144 is positionable proximate to two different sides of 
the pyrotechnic gas generating compound 130 , such as when 
a U - shaped board is positionable on either planar side of the 
pyrotechnic gas generating compound 130. Two or more 
electric circuit boards 144 may also be used , where the 
electric spark or electric arc discharge is transmitted 
between two separate boards . For clarity in disclosure , 
FIGS . 6-7 diagrammatically illustrate the use of two electric 
circuit boards 144 in each region 126A , 126B , but the use of 
only one electric circuit board 144 is contemplated and 
envisioned . 
[ 0038 ] The electric circuit boards 144 used with the elec 
tric ignition source 140A may preferably be a flat , thin sheet , 
but other shapes may be used . Also preferably , the igniter 
may be shaped to conform to the shape of the pyrotechnic 
gas generating compound 130 , thereby allowing it to ignite 
the compound in multiple areas at the same time , due in part 
to a high matching surface area between the electric circuit 
boards 144 and the pyrotechnic gas generating compound 
130 . 
[ 0039 ] In one example , the electric circuit boards 144 may 
be produced from compressed soft cellulose and multistring 
copper wire where the strands are very thin allowing easy 
disintegration into small pieces during an explosion . In 
another example , the electric circuit boards 144 may be 
constructed from thin polyethylene sheets with thin , adhe 
sive laced metallic foil , such as a copper foil , to construct the 
electric circuit board 144 and standard insulated stranded 
copper wire to connect the electric circuit board 144. When 
detonated , the electric circuit board 144 produced no sig 
nificantly large pieces of shrapnel that would have threat 
ened the integrity of the airbag cushion 120 fabric . 
[ 0040 ] FIGS . 8A - 8B illustrate examples of ignition using 
the electric circuit boards 144. Specifically , FIG . 8A is a 
three - dimensional rendering of two electric circuit board 
144 sheets positioned sandwiching the pyrotechnic gas 
generating compound 130. Each of the electric circuit board 
144 sheets may include resistant wires or foil 146 , such as , 
for example , nichrome or other rapidly heating element . As 
an electric current is supplied from the electric ignition 
source 140A through wires 142A , the electric current flows 
through the resistant wires or foil 146 which causes them to 
heat rapidly . This rapid thermal change heats the pyrogenic 
compound directly , or the added pyrotechnic ignition mixes 
or various primary explosives which may be included in the 
pyrotechnic gas generating compound 130 , due to its proxi 
mate location to the electric circuit boards 144 , which in 
turn , causes ignition of the pyrotechnic gas generating 
compound 130. In an alternative arrangement , a heating 
element may be formed in the shape of a sheet allowing a 
large surface area to substantially match that of the pyro 
technic gas generating compound 130 . 
[ 0041 ] FIG . 8B illustrates an example where ignition is 
based on electric arcs . Here , an electric current is supplied 
from the electric ignition source 140A through wires 142A 
and into one or more of the electric circuit boards 144. The 
electric signal from the electrical ignition source 140A 
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reaches the electric circuit board 144 sheet that has multiple 
electronically conductive but insulated tracks 147. Electric 
arcs are formed between the uninsulated tips 147A of the 
electronically conductive tracks 147 on the same electric 
circuit board 144 and between two opposing electric circuit 
boards 144 which sandwich the pyrotechnic gas generating 
compound 130. The uninsulated tips 147A are spaced to 
allow for a properly sized spark gap . These electric arcs or 
discharges 148 ignite the pyrotechnic gas generating com 
pound 130 . 
[ 0042 ] An alternative ignition source may include using an 
electronically connected laser diode to directly initiate an 
explosion . Accordingly , instead of electrically conductive 
wires 142A , one or more optical wire may be used to direct 
laser light to the pyrotechnic gas generating compound 130 
to ignite the pyrotechnic gas generating compound 130. The 
laser diode may generate a laser pulse upon a properly 
constructed pyrotechnic gas generating compound 130 mix 
mounted on a substrate , or mixed into the explosive sheet to 
initiate a detonation or deflagration . 
[ 0043 ] Yet another ignition source 140 may include a 
vibration ignition source 140B , as illustrated in FIGS . 6-7 . 
The vibration ignition source 140B may generate a vibration 
in the sonic or ultrasonic range , and this vibration propagates 
through the wall of the airbag cushion 120 fabric and all of 
its components , reaching the pyrotechnic gas generating 
compound 130. The vibrations shake the pyrotechnic gas 
generating compound 130 and this vibration causes it to 
ignite . The vibration ignition source 140B may be strategi 
cally placed on the outside of the airbag cushion 120 fabric , 
touching the folded fabric , either directly or indirectly . One 
of the benefits of the vibration ignition source 140B is the 
ability to limit possible shrapnel - producing materials within 
the interior cavity 122 , since the vibration ignition source 
140B does not require circuitry , wires , or other components 
positioned within the interior cavity 122 . 
[ 0044 ] It is noted that two or more different types of 
ignition sources 140 may be used concurrently , which can 
aid in successful ignition of the pyrotechnic gas generating 
com ind 130. For example , at the same time as the 
electronic control unit 160 sends an electric signal via wires 
to the electric ignition source 140A , the control unit 160 may 
send an electric signal to the vibration ignition source 140B . 
This may result in the pyrotechnic gas generating compound 
130 being ignited by both the electric ignition source 140A 
and the vibrations from the vibration ignition source 140B . 
Thus , the sole effect of the heat and / or spark from the 
electric ignition source 140A , or the sole effect of the 
vibration from the vibration ignition source 140B , or the 
combination of the electric ignition source 140A and the 
vibration ignition source 140B may detonate the pyrotechnic 
gas generating compound 130 , resulting in the release of 
rapidly expanding gas that inflates the airbag cushion 120 . 
During detonation of the pyrotechnic gas generating com 
pound 130 , the electric circuit board 144 , any wires , and any 
other materials within the interior cavity 122 are pulverized . 
The heat absorbing powder 134 made of graphite powder , or 
another material , decreases heat exposure to the airbag 
fabric . 
[ 0045 ] Similar to FIGS . 3-4 , FIGS . 9-10 diagrammatically 
illustrate different phases of inflation of the airbag cushion 
120 after the pyrotechnic gas generating compound 130 was 
detonated and gas was generated within the cavity of the 
airbag cushion 120. As can be seen in FIG . 9 , when the 

pyrotechnic gas generating compound 130 is initially 
ignited , gas 132 is created which fills the interior cavity 122 
of the airbag cushion 120. This causes the central folded 
region 124 to separate , such that portions 126A and 126B are 
moved away from one another as the airbag material form 
ing the central folded region 124 is pushed outwards . As 
shown in FIG . 4 , the gas 132 may substantially fill the 
interior cavity 122 of the airbag cushion 120 , such that the 
central folded region 124 is greatly minimized or eliminated . 
The eventual shape of the airbag cushion 120 may vary , 
depending on design , but in many cases it may have a 
substantially spherical or spheroid shape . While inflation 
occurs , a pressure relief structure 128 may start to open . 
[ 0046 ] Since the electric circuit boards 144 are positioned 
within the interior cavity 122 of the airbag cushion 120 , 
limiting or preventing the formation of shrapnel 150 within 
the interior cavity 122 of the airbag cushion 120 is desired . 
It may be desirable for the electric circuit board 144 sheets 
and other electronic parts to be made of materials that are 
powder , gel , liquid , or solid that burns up and / or that 
disintegrate into small enough particles during detonation 
such that the remnants of the electric circuit boards 144 and 
other materials do not form shrapnel that would threaten the 
integrity of the airbag cushion 120 fabric . Additionally , the 
interior cavity 122 of the airbag cushion 120 may contain 
glue or other material that secures the components of the 
device within the interior cavity 122. Preferably these mate 
rials are also made of powder , gel , liquid , or solid that burns 
up and / or that disintegrate into small enough particles during 
detonation that does not allow the disintegrated material to 
form shrapnel that would threaten the integrity of the airbag 
cushion fabric . FIGS . 9-10 illustrate fragments of the deto 
nation that are small enough not to damage the reinforced 
wall of the airbag cushion 120 fabric . 
[ 0047 ] The presence of the heat absorbing powder 130 or 
another heat absorbing or dispersing material made from any 
type of powder , gel , liquid , or solid may aid in ensuring 
remnants of the electric circuitry and wires are burnt up or 
disintegrated into small enough particles during detonation 
that does not allow the disintegrated material to form 
shrapnel that would threaten the integrity of the airbag 
cushion fabric . Additionally , a gas expansion slowing mate 
rial made of materials that are powder , gel , liquid , and / or 
solid may be included in the interior cavity 122 to further 
ensure the prevention of shrapnel forming . 
[ 0048 ] FIG . 11 is a flowchart illustrating a method of 
inflating an airbag , in accordance with the first exemplary 
embodiment of the present disclosure . It should be noted that 
any process descriptions or blocks in flow charts should be 
understood as representing modules , segments , portions of 
code , or steps that include one or more instructions for 
implementing specific logical functions in the process , and 
alternate implementations are included within the scope of 
the present disclosure in which functions may be executed 
out of order from that shown or discussed , including sub 
stantially concurrently or in reverse order , depending on the 
functionality involved , as would be understood by those 
reasonably skilled in the art of the present disclosure . 
[ 0049 ] As is shown by block 202 , an airbag cushion has an 
interior cavity and at least one pyrotechnic gas generating 
compound positioned within the interior cavity of the airbag 
cushion . At least one electric circuit board is positioned 
within the interior cavity of the airbag cushion , wherein the 
at least one pyrotechnic gas generating compound is posi 
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tioned in close proximity to the at least one electric circuit 
board ( block 204 ) . At least one ignition source in commu 
nication with the at least one electric circuit board is 
activated with a control unit , whereby the at least one 
pyrotechnic gas generating compound is ignited and the 
airbag cushion is inflated ( block 206 ) . The method may 
further include any number of additional steps , functions , 
processes , or variants thereof may be included in the 
method , including any disclosed relative to any other figure 
of this disclosure . 
[ 0050 ] It should be emphasized that the above - described 
embodiments of the present disclosure , particularly , any 
" preferred " embodiments , are merely possible examples of 
implementations , merely set forth for a clear understanding 
of the principles of the disclosure . Many variations and 
modifications may be made to the above - described embodi 
ment ( s ) of the disclosure without departing substantially 
from the spirit and principles of the disclosure . All such 
modifications and variations are intended to be included 
herein within the scope of this disclosure and the present 
disclosure and protected by the following claims . 
What is claimed is : 
1. An airbag system comprising : 
an airbag cushion having an interior cavity ; 
at least one pyrotechnic gas generating compound posi 

tioned within the interior cavity of the airbag cushion ; 
at least one ignition source in communication with the at 

least one pyrotechnic gas generating compound ; and 
a control unit in communication with the at least one 

ignition source , wherein activation of the at least one 
ignition source by the control unit causes the at least 
one pyrotechnic gas generating compound to inflate the 
airbag cushion . 

2. The airbag system of claim 1 , wherein the airbag 
cushion has central folded region with a first portion of the 
at least one pyrotechnic gas generating compound posi 
tioned on one side of the central folded region and a second 
portion of the at least one pyrotechnic gas generating 
compound positioned on a substantially opposite side of the 
central folded region . 

3. The airbag system of claim 2 , wherein the at least one 
pyrotechnic gas generating compound is a substantially flat 
structure positioned substantially parallel to the central 
folded region . 

4. The airbag system of claim 1 , wherein the at least one 
ignition source is positioned within the interior cavity of the 
airbag cushion . 

5. The airbag system of claim 1 , wherein at least one 
ignition source further comprises at least two ignition 
sources in communication with the at least one pyrotechnic 
gas generating compound , the at least two ignition sources 
being different types of ignition sources . 

6. The airbag system of claim 1 , wherein the at least one 
ignition source comprises at least one of : 

an electric ignition source ; 
a heat - generating ignition source ; 
a vibration ignition source ; or 
a laser ignition source . 
7. The airbag system of claim 6 , wherein the electric 

ignition source further comprises : 

an electric power source ; 
at least one electric circuit board positioned within the 

interior cavity of the airbag cushion and located sub 
stantially abutting the at least one pyrotechnic gas 
generating compound ; and 

at least one wired connection between the electric power 
source and the at least one electric circuit board . 

8. The airbag system of claim 7 , further comprising one 
or more electric circuit boards positioned on substantially 
opposing sides of the at least one pyrotechnic gas generating 
compound , wherein an electric arc is transmitted between 
the one or more electric circuit boards through the at least 
one pyrotechnic gas generating compound . 

9. The airbag system of claim 7 , wherein the at least one 
electric circuit board further comprises a thin polyethylene 
sheet having an adhesive - laced metallic foil . 

10. The airbag system of claim 6 , wherein the heat 
generating ignition source further comprises : 

a heat - generating source ; 
at least one electric circuit board positioned within the 

interior cavity of the airbag cushion and located sub 
stantially abutting the at least one pyrotechnic gas 
generating compound ; and 

at least one wired connection between the electric power 
source and the at least one electric circuit board , 
wherein activation of the heat - generating source heats 
at least a portion of the at least one electric circuit board 
to ignite the at least one pyrotechnic gas generating 
compound 

11. The airbag system of claim 6 , wherein the vibration 
ignition source further comprises a vibration device posi 
tioned proximate to the at least one pyrotechnic gas gener 
ating compound , wherein activation of the vibration device 
transfers a vibration into the at least one pyrotechnic gas 
generating compound to ignite it . 

12. The airbag system of claim 6 , wherein the laser 
ignition source further comprises a laser diode and at least 
one optical wire , wherein a quantity of laser light is trans 
mitted from the laser diode to the at least one pyrotechnic 
gas generating compound through the at least one optical 
wire to ignite the at least one pyrotechnic gas generating 
compound . 

13. The airbag system of claim 1 , wherein the airbag 
cushion comprises : 

an inner layer formed from a heat resistant material ; 
a middle layer formed from a material with low gas 

permeability ; and 
an outer layer formed from a material with high tensile 

strength . 
14. The airbag system of claim 1 , further comprising a 

heat - absorbing or heat dispersing material positioned within 
the interior cavity of the airbag cushion , wherein during 
ignition of the at least one pyrotechnic gas generating 
compound the heat - absorbing or heat dispersing material 
prevents the formation of shrapnel within the airbag cush 
ion . 

15. An airbag system comprising : 
an airbag cushion having an interior cavity ; 
at least one pyrotechnic gas generating compound posi 

tioned within the interior cavity of the airbag cushion ; 
at least two electric circuit boards positioned within the 

interior cavity of the airbag cushion , wherein the at 
least one pyrotechnic gas generating compound is 
positioned between the at least two electric circuit 
boards ; 
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at least one ignition source in communication with the at 
least two electric circuit boards ; and 

a control unit in communication with the at least one 
ignition source , wherein activation of the at least one 
ignition source by the control unit causes ignition of the 
at least one pyrotechnic gas generating compound , 
whereby the airbag cushion is inflated . 

16. A method of inflating an airbag , the method compris 
ing : 

providing an airbag cushion having an interior cavity and 
at least one pyrotechnic gas generating compound 
positioned within the interior cavity of the airbag 
cushion ; 

positioning at least one electric circuit board within the 
interior cavity of the airbag cushion , wherein the at 
least one pyrotechnic gas generating compound is 
positioned in close proximity to the at least one electric 
circuit board ; and 

activating at least one ignition source in communication 
with the at least one electric circuit board with a control 
unit , whereby the at least one pyrotechnic gas gener 
ating compound is ignited and the airbag cushion is 
inflated . 

17. The method of claim 16 , wherein the at least one 
ignition source further comprises at least one of : 

an electric ignition source ; 
a heat - generating ignition source ; 
a vibration ignition source ; or 
a laser ignition source . 
18. The method of claim 16 , wherein activating the at 

least one ignition source further comprises activating at least 
two ignition sources substantially simultaneously . 

19. The method of claim 16 , further comprising position 
ing the at least one ignition source within the interior cavity 
of the airbag cushion . 

20. The method of claim 16 , wherein the airbag cushion 
has central folded region with a first portion of the at least 
one pyrotechnic gas generating compound positioned on one 
side of the central folded region and a second portion of the 
at least one pyrotechnic gas generating compound posi 
tioned on a substantially opposite side of the central folded 
region . 


