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HAVI NG EXCESSI VE EXTERNAL MAGNETI C FI ELD PROTECTI ON Cl RCUI TRY BACKGROUND
OF THE | NuBbibsadt Fi el d of the Invention: The present inveptT@Rol/@sgenerally
directed to the field of air bag depl oynent systens. Myre specifically,

the present invention is directed to an aytopatic air bag depl oynent system
whi CE includes circuitry foﬁ%kﬁéhﬁﬁ@‘iﬁ Qi dental tri ggering of the air
bag depl oynent system wupon the occurrence of an excessive external

magnetic field. Descripti GHTME ORTIREIINVENRION Air bag depl oyment systens
are generally very well known and have achi eved trenendous commerci al
success in the aut omIR BAG HAVING EXAESSIVBSEXTERNALf ront passengers in

an autorbil e are NMAGNETICHERDFROTECHON EFREVITRYghouUt the world and
many cars are now equipped with side inpact air bags as well. More

recently, air bag protection systems have been considered for use in

tra - af hlair bag depl oynent systens may incl ude one
or mmlﬁiwg sors which are used in acceleroneters to
determ ne when an air bag should be deployed in order to prevent injury to
occubighd of thenygatignz o) |  sj on. The accel eroneters are used to detect

extrenmely rapid accel eration which is associated with a collision. Wen
such an eVlnpreset invention is generally directed to the field of air bag deployment systems.

More specifically, the present invention is directed to an automatic air bag deployment system
which includes circuitry for preventing an accidental triggering of the air bag deployment system
upon the occurrence of an excessive external magnetic field.

Description of the Related Art:

Air bag deployment systems are generally very well known and have achieved
tremendous commercial success in the automobile industry. Air bags for the front passengers in
an automobile are standard equipment on most cars throughout the world and many cars are now
equipped with side impact air bags as well. More recently, air bag protection systems have been
considered for use in transport aircraft.

Conventional air bag deployment systems may include one or more Hail effect magnetic
sensors which are used in accelerometers to determine when an air bag should be deployed in
order to prevent injury to occupants during a collision. The accelerometers are used to detect
extremely rapid acceleration which is associated with a collision. When such an event is
detected, the system then deploys the air bag before the occupants impact the interior surfaces of

the automobile.



detected, the systemthen deploys the air bag before the occupants i npact
the interior surfaces of the autonobile. W 01/68402 PCT/US01/ 07845 There
are a wi aeovmes4ery of ways in which an accel eronet er systpoT/wao/d7e4s

i npl enented. Conventional systens may enploy Hall effect magnetic sensors
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electric signal which is used to trigger deploynent of one or nore air
bagshe Kokeffircd binsen senses atvagationdriagnagngtie fisidevhich, due tosthe knewe ajrangesept ovi si on
for preventing accidental deploynment of the air bag upon the occurrence of

an orgRIHINdfRKimsanalitimregstet iokthdristhcturedvignifis drapid aoadiematihisdfhdi ng t he
fact that air bag depl oynent systens are subjected to a w de variety of
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whi ch air .bag ,syste are enpl oyed include nmagnetic fields generated by

el eé‘f?ﬁetﬂ%gﬁgfle lf')gﬁgﬁioggp%?f'{{?rﬁé%’, e magnetic field of the earth, as
wel | as nunerous other sources. Although the, stronger neti¢ fields that
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accel eroneter are generated by electrical currents, the sumeffect of the

f i elacsidéntalmdeploymentefithenigbag uponithedctusongecd an exesissivaedernak mggneticsuch an
event. Because the air bag deploynent systens rely upon Hall effect
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associated wth an inpact event could inadvertently trigger an automatic
ai r vgagvariety of external magnetic fields from a large number of different sources. The wide

variety of magnetic fields that are present in the typical environment in which air bag systems

are employed include magnetic fields generated by electric power transmission lines, the

magnetic field of the earth, as well as numerous other sources.

Although the stronger magnetic fields that are more likely candidates for accidentally
triggering a Hall effect accelerometer are generated by electrical currents, the sum effect of the
fields from all other magnetic field sources could also trigger such an event. Because the air bag
deployment systems rely upon Hall effect sensors, it is possible that one or more magnetic fields
which are not associated with an impact event could inadvertently trigger an automatic air bag
deployment system.

| Injury could occur as a result of inadvertent deployment. The deployment of an air bag

due to the fact that the deployment of an air bag is a very rapid event that requires extremely fast

expansion of the bag in order to cushion the impact between the occupants and the internal



depl oynent system Injury could occur as a result of inadvertent

depl oynent. The depl oynent of an air bag due to the fact that the

depl oynewoof/esam ai r bag is a very rapid event that requi pepUsxia7essel y fast
expansi on of the bag in order to cushion the inpact bet ween the occupants

and t r nal 01/ 402 / 1 en er
comsuREsrant e pareEd competent, TR oy Wih airehs R Bt gt S,
bag shoul d be avoided. In order to prevent |nadvertent depl oynent of the
ai r thabre shopld beavoideflf ect sensors are conventionally located within a
magnetic field shielding structure or housing. However, because the
magnet i ¢ Isloider to pryentiizddvertenn deploympent of thesintagsyslyndali effédt e¢ngers arhough
unlikely, it is still possible that the systemcould be inadvertently
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magni tude. There is current no known system for preventing an accidental
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depl oynment system which includes <circuitry for preventing the accidental

depl asyidemntt] depldymenadf anbegbagupon thesocpusence of fin txressyestxdenaltmagnatieficldssi ve
external magnetic field. In a first preferred enbodi nent of the system the
As detailed below, the inventors of the present application have overcome these shortcomings of
the prior art. Other objects and advantages of the present invention will be apparent in light of

the following Summary and Detailed Description of the Preferred Embodiments.

Summary:

The present invention is directed to an air bag deployment system which includes
circuitry for preventing the accidental deployment of the air bag during exposure of the system
to an excessive external magnetic field. In a first preferred embodiment of the system, the
system includes an accelerometer comprised of first and second Hall effect magnetic devices
which are associated with the impact detection circuitry of the deployment system. These are the
sensors which would normally trigger deployment of the air bag system upon detection of an
acceleration of sufficient magnitude. The sensors are conventionally located within a magnetic
field shielding structure or housing in order to limit the potential for accidental triggering of the

automatic deployment system.



system i ncl udes an accel eroneter conprised of first and second Hall effect
magneti c devices which are associated with the inpact detection circuitry
of the depboyssamt system These are the sensors whi ch wopCTUR@raTads y
trigger deploynent of the air bag system upon detection of an acceleration
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of the present invention further includes circuitry which senses external
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detect the presence of any significant external magnetic field. This is
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high to result in an accidental triggering of the air bag depl oynent
mec ham slso beNotdted glithir the snagnetic shield. The preferred external location of the Hall

effect magnetic sensors ensures that these sensors will accurately detect the presence of any

significant external magnetic field.

This is particularly important when the external magnetic field may be sufficiently high

to result in an accidental triggering of the air bag deployment mechanism. Although it is

understood that a single Hall effect magnetic sensor may be employed for sensing the presence

of an excessive external magnetic field, it is desirable that at least two of the sensors be used at

different orientations to ensure that the system will accurately detect the presence of an

undesired external magnetic field having any orientation. These additional sensors provide an

output with a sufficiently high threshold level to ensure that those magnetic fields which

typically exist are not of the sufficient magnitude to result in disabling of the air bag deployment

system. Furthermore, once an excessive external magnetic field has been detected with this

circuitry, the system will not be permanently disabled. (It will be totally disabled only for a



understood that a single Hall effect nmagnetic sensor may be enpl oyed for
sensing the presence of an excessive external magnetic field, it is
desirabl avohmts4az | east two of the sensors be used at di PEBRUSKN07845
orientations to ensure that the systemw || accurately detect the presence
of an wundesired external magnetic field having any orientation. These
addi tional sensors provide an output with a sufficiently high threshold

| evel ttniémsmek It wal resétotselfaftgrechrief péiiel ofgimdinadrdertty phoind thyt the isgtenaise not
of the sufficient magnitude to result in disabling of the air bag
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field israupossoepaged efogic gptes arranged torapprppaigishidisaie thetafrdag deplopnenty i s
conprised of |logic gates arranged to appropriately disable the air bag
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magnetic field. For exanple, the system may enploy an AND gate which
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ensure that the ultimate output from the AND gate will change states only when a sufficiently
high acceleration has been sensed without the presence of an excessively high external magnetic
field.

In an alternate embodiment, rather than logic circuitry, a simple switch may be used to
provide an open circuit from the output of the air bag deployment triggering circuit. The‘switch
is used to cause an open circuit condition on the signal line which travels from the air bag |
deployment trigger signal generating circuit to the actual air bag deployment mechanism.
Depending upon convention, the output from the switch will be held either at a low condition or
a high condition through a resistor which is either connected to ground or a High logic level
voltage as is generally known in the art in order to ensure that the signal line does not
inadvertently float to a level which would result in deployment of the air bag. The external
maénetic field sensing circuitry is connected to the switch to open the switch when an excessive

magnetic field is present.



field. In an alternate enbodi nent, rather than logic circuitry, a sinple
switch may be used to provide an open circuit fromthe output of the air
bag depl oyoenss4vzi ggering circuit. The switch s used toPCHUSE/EB450pEN
circuit condition on the signal line which travels fromthe air bag
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sensing circuitry provides an interrupt signal to a m croprocessor which

contBAtfDestHption bl e Pidwil depl oynment system Upon receipt of this
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exerrpl ary enbodi nent of the present invention that errpl oys conventi onal
logic circuitry;
Figure 3 illustrates an exemplary embodiment of the present invention that employs a switch;

Figure 4 illustrates an exemplary embodiment of the present invention that employs a

MiCTOprocessor.



logic circuitry; Figure 3 illustrates an exenplary enbodi nent of the
present invention that enploys a switch; Figure 4 illustrates an exenplary
enbodi newo of/estdhe present invention that enploys a m cropcDUSEIH0B4S 6 WO
01/ 68402 PCT/ US01/ 07845 Detailed Description of the Preferred Enbodi nents:
Figure 1 illustrates a first preferred enbodi nent of the air bag depl oynent
I nadvertent trigger prevention circuitry which is shown generally at 10.
The i ncl e hOR: ent detection circuit 12 and

exc ile§ DesHiph 8fﬁﬂ1ﬁ%ﬁ§+(f Simentss - 14. The accel eration event
detection circuit 12 and the exce |ve ext.er nal etic fie]d sensor

are eachFigsFhbHusHatesa fife peglered cm Q’pﬂ“ﬁ&'/ Hgﬁ‘F hagggi?l PHYEHERINETEH 16,
Additionally, a further connectlon may be nmade between the accel eration
evemtggeeprerertion cicwitivhidipisshewn benceatiyeas $0.v Ehe systear inaludanaasceleratipa| d
sensor 14. These connections facilitate disabling the air bag depl oynent
tri @gatidegctircdirgitd Mahd eRtessilé externbl nisdngtip fieMasshiond41 ke adcelebmigndepl oy ment
triggering nechanism 16 fromreceiving a trigger signal. Aternatively,

bot i, di; 3aRtd kiR 121ahd lﬁ?egexcgs‘gﬁile‘&ﬁﬁm maEhARatdiderGiChani sm 16 from

receiving a trigger signal and preventing a trigger signal fromreaching
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ef fect magnetic devices 22, 24
external magnetic field sensor 14. ‘These connections facilitate disabling the air bag deployment

triggering mechanism 16 or alternatively preventing the air bag deployment triggering
mechanism 16 from receiving a trigger signal. Altematively, both disabling the air bag
deployment triggering mechanism 16 from receiving a trigger signal and preventing a trigger
signal from rea'ching the air bag deployment triggering mechanism 16 may be used. More
specific detail regarding operétion of these elements is set forth be-low.

Figure 2 illustrates an exemplary embodiment of the invention wherein the acceleration
event detection circuit is comprised of first and second Hall effect magnetic devices 22, 24
which are located within an external magnetic shield protéction member 26. During typical
operation, these Hall effect devices sense motion of an object which alters a magnetic field. The
sensed magnetic field is thus used in determining the presence of an acceleration which is
sufficiently high to merit deployment of the air bag. The advanced system of the present
invention further includes an excessive external magnetic field sensor 28. This sensing circuitry

28 may be comprised of one or more additional Hall effect magnetic sensors which are located



which are | ocated within an external nmagnetic shield protection nenber 26.
During typical operation, these Hall effect devices sense notion of an
obj ect wwahi/edsbers a magnetic field. The sensed magneti cpéT/@bai/i7845 hus
used in determning the presence of an acceleration which is sufficiently
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preferably outside of the nmagnetic shield housing 26 that contains the
pri emsuyescehat chese sgnsdmwill deqiratylyrlateciathe presersi of aosigifiean extemal mdgreticer nal
| ocation of the Hall effect magnetic sensors 28 ensures that these sensors
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presence of an undesired external magnetic field. The external nagnetic

shi different nuontations tp ersiratbatthe aystesuwill egourptely detestiths prssange pf §h t hr eshol d
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of anddsired enémabgagrictic Getdo The exletnal mapmafieshiekbseasqprp2 @ privade asfoutiig ai r bag
depl oynent system Thus, the output of the excessive external field sensor
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for e%istsﬁp Lot shitiedt fnagﬁig.lde to result in undesired suppression of the air bag deployment

system. Thus, the output of the excessive external field sensor 28 will only change states if the

field is above the predetermined threshold level.

As noted, a variety of different circuits may be employed for disabling the air bag
triggering circuitry when such an excessive magnetic field is encountered. In one exemplary
embodiment shown in Figure 2, the system 20 is comprised of a logic gate 29 arranged to
appropriately disable the air bag deployment triggering mechanism upon sensing of an excessive
external magnetic field. For example, as shown in Figure 2, the system may employ a logical
AND gate 29 which receives a first input from the output of the acceleration event detection
circuit and a second input which, depending upon convention, will be the inverted or non-
inverted output from the external excessive magnetic field sensor or sensors 28. This will ensure

that the ultimate output from the triggering circuitry will change states only when a sufficiently

high acceleration has been sensed in the absence of an excessively high external magnetic field.



triggering circuitry when such an excessive magnetic field is encountered.
In one exenplary enbodi nent shown in Figure 2, the system 20 is conprised
of a | ogiwogrts#029 arranged to appropriately disabl e therparmsizgs4s
depl oynment triggering mechani sm upon sensing of an excessive external
magnPependingaipgn chuyensirmayiul upas piialowni resifibgmeeb@corinketed ysthe mutpay o£npl oy a
| ogi cal AND gate 29 which receives a first input fromthe output of the
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upon convention, will be the inverted or non- inverted output fromthe
EXteﬁﬂﬁﬁd gssive magnetic field sensor or sensors 28. This will ensure
that the ultimate output fromthe triggering circuitry wll change states
only when,a sufficientlLy. high acceleration has been sensed in the absence
of an oxcASsUE i TiEGh Ul e gty i hBn REiORRaEm 3 simple
PCT/ USO01/ 07845 Dependj ng upon convention, a pull up or pull down resistor
may BritgRels wgd topronide gnopen cisquit fram theyitput ghithe apeelémtion eient deseativaur e
that the gate only changes states to provide a trigger signal when
desi cienhit. Bor exhmpte, asshbivgun Eiglre 3,nhasyseehi 30 may emplspadwiRh34 wiitther than
logic circuitry, a sinple switch may be used to provide an open circuit
f r omekbiQeLatt ippiit ffm tHeQuifie 6f Mk Abéedta®HENVenCRiREbA Sficuif3$ %4&8 %A%wi ﬂ{ exanpl e,
i ch.

as shown in Figure 3, the system 30 nay enploy a swtch recei ves
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states only when a sufficiently high acceleration has been sensed in the

circuitry will change states only when a sufficiently high acceleration has been sensed in the

absence of an excessively high external magnetic field.

As shown in Figure 4, in an alternate embodiment, a microprocessor interrupt may be

used to prevent inadvertent triggering of the air bag deployment mechanism. In such a design,

the system 40 employs a deployment system microprocessor 43 that is connected to the

excessive external magnetic field sensor 44. The excessive external magnetic field sensor 44

would provide an interrupt signal to the microprocessor which would be programmed to prevent

deployment of the air bag for a predetermined period of time when such an event occurs. It is

also contemplated that two of these systems could be combined in order to prevent accidental

deployment of an air bag. For example, a microprocessor interrupt could be provided in

conjunction with preventing a trigger signal from passing to the actual deployment mechanism as

in the previous embodiments.



absence of an excessively high external nmagnetic field. As shown in Figure
4, in an alternate enbodi nent, a m croprocessor interrupt may be wused to
prevent iwadvesspent triggering of the air bag depl oyment perTwaniess | n such
a design, the system 40 enploys a depl oynent system m croprocessor 43 that
is connected to.the .excessive external. magnetic field.sensor.44. .The
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signal to the m croprocessor which would be programred to prevent
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event occurs. It is also contenplated that two of these systens could be
conkycompanying devingsbeponsidored Alustratbrtoaly. Aleptdmgipritisaitesdedahat thag. For
exanple, a mcroprocessor interrupt could be provided in conjunction with
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invention is subject to many variations, nodifications, and changes in
detail. It is intended that the subject matter described throughout the
specification and the acconpanyi ng drawi ngs be considered illustrative
only. Accordingly, it is intended that the invention be limted only by
the spirit and scope of the appended clains. 10 WD 01/ 68402 PCT/ US01/ 07845
| claim 1. A nmethod of controlling an air bag depl oyment system conpri sing
t he steps of:
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sensing an external magnetic field; and preventing the air bag depl oynent
system from deploying an air bag if the sensed magnetic field is greater
than a tiweshedso2 val ue. 2. The nethod of claim1, whereinp¢heseiEpssof
preventing conprises applying an output froman accel eration event
detection circuit to a logic gate with an output that is a trigger signal
for tlredaiotepl oynent system and wherein the logic gate will not change states
if an excessive external magnetic field is detected in said step of

sensi ng an ext eA mthdibeehir6llihg &h sir bag ddpeynieit battnoéomprding the stepeoki n t he
step of preventing conprises applying an output froman accel eration event

det ection s%Hiﬁé‘Bﬁ eitgmg“ﬁ%éﬁ\fﬁgﬁwdz b,@n output that is a trigger signal for

t he depl oynent~ system an ereln the switch is opened if an excessive
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conprises applying an_output from an excessive external magnetic field
sensdnamtlaﬁﬁidzlﬁémaﬁéﬁ@gér‘ fhold ¥&Herol s the depl oyment system 5. An air
bag depl oynment system conprising: 11 WO 01/68402 PCT/US01/ 07845 an
external magnetic field sensor; an acceleration event detection circuit;
and an air bag deploynent trigger circuit, wherein an output fromthe

exter lnal mgnet Tike mk@bé of Slghs Oy whkirsialthesep bfpreventibggordpiides upEiningtani gger
si gnal .
output from an acceleration event detection circuit to a logic gate with an output thatis a trigger

signal for the deployment system and wherein the logic gate will not change states if an

excessive external magnetic field is detected in said step of sensing an external magnetic field.

3. The method of claim 1, wherein the step of preventing comprises applying an
output from an acceleration event detection circuit to a switch with an output that is a trigger
signal for the deployment system and wherein the switch is opened if an excessive external

magnetic field is detected in said step of sensing an external magnetic field.

4, The method of claim 1, wherein the step of preventing comprises applying an
output from an excessive external magnetic field sensor to a microprocessor that controls the

deployment system.

5. An air bag deployment system comprising;:
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6. An air bag depl oynent system conprising: an external magnetic field
sensor; an acceleration event detection circuit; and an air bag depl oynent
trigger ovoousd4p2 wherein an output fromthe external magnecTwséiebd sensor
prevents an output signal fromthe accel eration event detection circuit

from changi . air bag depl oynent system of claim6, wherein
an out puggF;r&g%at?ﬁgbgﬁ{cef%}]da%%or{hgnet ic field sensor and an output fromthe

accel eration event detectign cjrcuit are connected to a logic gate. 8. The
air bag 4Bpf 10 eRtdEtEehPn ENCHIGABd wherein an output fromthe externa
magnetic field sensor is a swtch control signal and an output fromthe
accel er ataneir bag deploymentddggen piretlit wiberein an ewiputfpm theextamal syagnetic fiald

sensor disables the air bag deployment trigger signal.

6. An air bag deployment system comprising:

an external magnetic field sensor;

an acceleration event detection circuit; and

an air bag deployment trigger circuit, wherein an output from the external magnetic field
sensor prevents an output signal from the acceleration event detection circuit from changing
states.

7. The air bag deployment system of claim 6, wherein an output from the external
magnetic field sensor and an output from the acceleration event detection circuit are connected to
a logic gate.

8. The air bag deployment system of claim 6, wherein an output from the external
magnetic field sensor is a switch control signal and an output from the acceleration event

detection circuit is an input to the switch.
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