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motion of a vehicle to insure that it is not converted to propulsion of the occupant of the
vehicle into a solid body such as the ground Common examples are bumpers on cars, Wthh
absorb kinetic energy in crumplmg metal, and airbags, which couple the mechamcal energy of
car passengers into the compression and redistribution of gas in a bag before enough time has . .

20 elapsed for the bodies of the passengers to hit the steering wheel or windshield of the car with
resulting serious injury. | _ ' ‘

In automobiles, pyrochemicai means are used to inflate the airbag.

Pyrochemical means are able to inflate the. airbag extremely rapidly, but are relatively
expensive and frequently use toxic chemicals. Other drawbacks include the requirement of

25 special training and tools for service and replacement, and the danger of deployntent with
excessive and injury-producing force. In an unenclosed vehicle such as a wheelchair, the
forcible inflation.of an airbag by pyrochemical means is impractical, unsafe, and unnecessary.
Other means are known to employ the kinetic energy present in a subcomponent of the
vehicle, to inflate a bellows or other cushion to protect the vehicle occupants in the case of a |

30 head-on collision.
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30 head-on collision. 1 WD 99/22968. PCT/US98/23506 Summary of the

| nvention In accordance with one aspect of the invention, in one of its
eitbodi meMYQ 2% e i s provi ded a depl oyabl e cushi on mechdifi <H§¥BEr506
protecting the passenger of a personal - vehicle. The cushi on nechani sm has
a cushion for absorbing energy that has an interior 5 surface and is
coupled to the vehicle in such a manner as to pernit inflation of the

cushi on” outward fromthe vehicl S_unmmmﬂﬁ%har” sm al so has an '
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15 further alternate enbodi nents, the depl oyable cushion nmay be .coupled-to.
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sideward of the ve | t ernate odi. rrents the cushi on
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constraining |lateral notion of the passenger, an alr-forcing device for
propel I%hg; far resfriagimg @uflswd;acln tlzat 2ip nayShovo nnlyon viiet difectiom éromndasidethesur f ace

of the ¢ nd.an as pt for increasing the volune of gas |
from o&“§$‘88?‘? Wéﬁl:‘h@ﬁl"gﬁ“ rrFPF %fgtg‘ BSWPQ hin the interi or surface of the
cushion. The cushinof Ji@Mhat b MYBneor (R MveMSr TR AR}

rel eased upon pressurization of the cushion. 25 Brie Descrl pt i on 0 t'h'e
Dr awi ngasspnme fomsrening macheinidal énergyoaed theagpring maycterastomptessible afearbende t o the

f fg ! O\an Hher a&tsel(':nraltep emgod1m%1?'tl§,e e\(lylepglgygbqg c&%?o%nagy l\gclz Q&]p(ilé’da[\é\ﬁ tﬂg vehllclg t(\)l\'h 'C h
permit inflation of the cushion backward, forward, or sideward of the vehicle. In yet further
alternate embodiments, the cushion 1ncludes a valve for enabling air flow from outs1de the
cushion to within the interior surface of the CllSthD a plurality of bladders for constrammg
lateral motion of the passenger, an air-forcing device for propelling air from outside the i

20 cushion to within the interior surface of the cushion, and an aspirator adapted for increasing
the volume of gas from outside the cushion introduced to within the interior surface of the
cushion. The cushion may also have a latching mechanism which may be released ﬁpon

pressurization of the cushion.

25 B ipti Ia)
The invention will be more readily understood by reference to the following
description, taken with the accompanying drawings, in which:
FIG. 1is a side view of a wheelchair-type vehicle employing an embodiment
of the invention wherein a deployable cushion is shown in a stowed position.

30 FIG. 2 is a side view of the wheelchair-type vehicle of FIG. 1, wherein the



FIG | is a side view of a wheelchair-type vehicle enploying an enbodi nent
of the iw¢aghkheys Wherein a depl oyabl e cushion is shown in pc190SY8RB506
position. 30 FIG 2 is a side view of the wheel chair-type vehicle of FIG

1, wherein the 2 WD 99/22966, PCT/US98/23506 deployable cushion is shown
in a partial |l y- depl oyed rear-facing position. FIG 3 is a side view of the
wheel chai r pe vehicle of FIG 1, wherein the deployable cushion-is shown
in a dé 1‘5?8!?6%5 ¢ushiony i shown Buapartially depleyedyrepsstagingngsititpew of t he
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shown 'P{;Slaoﬂpartlal l'y- depl oyed side-facing position. 20 FIG 10Cis. a front
view of the wheel chair-type vehiclé of FIG "1 enploying an enbodi ment of
tlle i nvention, widGeV s apetspEciyabiesy afuthhideployabls tuwivion shownfin hldgpldged oyed: -

si de-faci.hg position. . FIG 10D is a front view of the wheelchair-type
vehi cl BOBHOE| G 1 enpl oying an enbodi ment of-the invention, wherein a

depl oyabl e cushi gjg! sisszﬁpé’*i‘)ldd%dm_@gw B dadddfer efrbo@inPHRYf the invention
_shown in a deployed position. P ST o
, FIG. 9 is a side view of an’ a.lternauve embodiment of the invention, showing a
15 back bumper in a partially deployed position. o et z
FIG. 10A isa front v1ew of the wheelchair type vehxclc _o_f FIG. 1. frina
- FIG 10B is a front v1ew of the wheelchaJr-type vehicle of FIG. 1 employmg
an embodxment of the invention, whereln a deployable cushion is shown in a parually- At |
deployed side- -facing position. oL e ) :
20 FIG. 10C is a front view of the whee]chau'-type vehicle of FIG. 1 employmg
an embodlment of the invention, wherem a deployable cushion is shown in a fully-deployed
side- facmg posmon
FIG. 10D is a front view of the wheelchair-type vehicle of FIG. 1 employing

an embodiment of the invention, wherein a deployable cushion is shown in contact with the

25 ground.

Detailed Description of Preferred Embodiments
Referring now to FIGS. 1 through 5, wherein like elements are designated by

identical numerals, a side-view is shown of a wheelchair-type vehicle, designated generally -

30 by numeral 10, in progressive stages of a -backward-tipping motion. While the invention is



Det ai | ed Description of Preferred Enbodi nents Referring nowto FIGS 1
through 5, wherein |ike elenments are designated by identical nunerals, a
si:de-vi eWA¥22%6wn of a wheel chair-type vehicle, desi gnat E§TEBRPy 30
by nuneral 10, in progressive stages of a backward-tipping notion. Wile
the invention is 3 WO 99/22966" PCT/US98/23506 applicable to many types
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16. Th@péwabhgushipn@whwms b axgi attechedftorvebickntfl.e, by a coiled strip of
spring metal con th h|n s ot r\W as _known i
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tilt rate is
strip of spring metal contained within hinge 16, or otherwise as known i in the mechamcal arts.

| The potential energy of the compressed spring is but one example of a reservoir of energy "
20 used for déployme_nt of the cushion mechanism. In another preferred embodiment of the
invention, a supply of compressed gas, such as air, is provided as a reservoir both of energy’
and gas for the inflation of the deployable cushion mechanism. SR
| - The initial stage of a backward tip, caused by an accelerating force along
direction 20, is shown and now described with reference to FIG. 2. When a tilt or tilt rate is
25 sensed, either by the controller (not shown) which monitors position angles of the wheels 12
and torques on the wheel drive motors (not shown), or else by a one of many tilt sensors
known in the art, déployment -of cushion mechanism 14 is initiated and the spring force is
released to separate structural members 24 and 26 about hinge 16. Other structural members
may also be provided. This, in turn, causes cushion 28 to unfold, and to fill with air. Air

30 enters cushion 28 from the ambient atmosphere or from a container of compressed gas via a



25 sensed, either by the controller (not shown) which nonitors position
angl es otwa$mm2edeel s 12 and torques on the wheel drive nptRCHUSHEIShown) ,
or else by a one of nmany tilt sensors known in the art, deploynent of
cushion nechanism 14 is initiated and. the spring force is released to
separate structural nenbers 24 and 26 about hinge 16. Ot her structural
menbers m

y.al so rovi.d his, in turn,, ses cushion, 28 to, unfold,
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as a nmagacholds tashidn 28 inhefolded cdafigusiibe InASréferrad embdbd@iknt Aol fighalvesn. . | n
a preferred enbodinent, two flap valves are enployed. The energy required
to i nf| aeempleysdohhe energy gauisethisvinBaterayshipn @& ingoverned hynthe flgw ofdives 40. | n
an al teﬁ%t %‘gaﬂ\po joment, cushion 28 is initially held under an.internal 10
vacuum’ 'S -sﬁ’sngf of ‘a‘tilt or rate of ®tilt provides for the release of a

| at chi ng mechani S an sivihatd embBbinen?, ousMidh 28 iPIRAN %14 BRALRRBBGaPT val ves
40 during norral operation of the vehicle. Referring nowto FIG 3, = .

cl8hi-onvaauins Thh sewsiigdfl atilt of fate eftkilt penvides forube wledse ofreridtehiag 2akchards@p “ar e
fully separate out. hinge 16. FI G 4 sho vehicle 10 in a further 15
state o?‘fjc-%e?éﬁ%&g‘? 1 ’t‘iV'i“Fgl PIEYGRE e PRFDIRG &‘ﬁ‘g‘?‘fs\@tdﬂné‘&é‘ﬂﬁﬂ oPSTaep ohiled ¢ o
absorb {dgcikorce of inpact, and. passenger 22 supported.hy..seat, assenbly 18
and head support 30. FIG 5 shows ‘vehicle 10 tipped backward,” with cushion
28 i n' contact."w-t Refdrengnow na FIG.a3;icnghiai 28 ihehd winHfally émfeanted; and sirmqpaal by

and redistrihuting the air_.contained w thin_ cushion'. .

Eochpe BETHER 44 610 A0 FHbciePgmissrar UL 18 10 IsHth Hhiak ThTA BRIED I ot o
7 Bonreas SO At Bt A RMloh 38 SEPToyEd o skt By (BEUE, T 1F e
16. Depingpasth|agd passenger 22sopporiesrbylséal assarhblyri Sread diehd supports300 WG, 5 shows
_ vehicle 10 tipped backward, with cushion 28 in'contact with the ground,having absorbed the
energy of impact by compressing and redistributing thé'ajr contained within cushior 28
. Escape of air from the interior of cushion 28 is regulated through complete or partial ‘¢losure
20 of valves 40 (shown in FIG. 8). ~ S o I R it o
FIG. 6 shows the attachment of deployable cushion mechanism 14 to seat
assembly 18 at hinge 16. Deployable cushion mechanism 14 is shown here in its stowed
position. An electric fan 32, provided in one embodiment, forces air into cushion 28 when a
- specified tilt or tilt rate is sensed and inflation of cushion 28 is initiated, in order to allow
25 more rapid inflation than is provided thfough valves 40 (shown in FIG. 8).'Dep1_o'y'ab1e"
cushion mechanism 14 is shown in its deployed condition in FIG. 7. |
Réfern'ng now to FIG. 8, deployable cushion mechanism 14 is shown in its
deployed condition, showing the position of flap valves 40 and fan 32.

"FIG. 9 shows an alternative embodiment of the invention, in which a back

30 bumper 42 is shown attached to seat assembly 18. Back bumper 42 is a deployable

5



position. An electric fan 32, provided in one enbodinent, forces air into
cushi on %)wgzeg?ﬁa specified tilt or tilt rate is sensed and inflation of
cushi'on P tiat ed, in order to' allow 25 nore rapid i M 1743988 %han i s
provi ded t hrough valves 40 (shown in FIG 8). Deployable cushion nmechani sm
14 is shown in its deployed condition in FIG 7. Referring nowto FIG 8,
depl oyabl e cushi on nechanism 14 is shown in its depl oyed condi ti on

showi ng mdvhapiomi dparmtimy infthaganvamusser4d dasigibbaabR2. with fesp&
al ternative enbodi nent of the invention, in which a bacﬁ urrper 42 i s
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of 3 enelegvgarmo\pd kscdapbayablercuphios oxagbanian, 14eInttthe|embné'“ dthtedun'EIG 9,*

addi ti or t he ,absortion o pl.oy:ahlk e, CUSJ’N dn

mechani P ]fgaqlﬁ Cp§ho %%Wﬁﬂhiﬁgﬁh8i”é‘d‘"ﬁ&¥qg tr@a‘(‘ge"é asyg Y)}gﬂﬁ Ringe 16 on -
mechani sm 14 is ghaurigdbhAasFdst P4 ?P?rf%{m'fyomwewsaﬁé sfdvnged6:

Referring nowto FIGS. I0A-10D, in whi ont views 'are shown of. .

wheel chavheelchpie-typehiebicle 1) shewnyagaimbgiway dfgxaaylepflimaghptier vahﬂbdugh t her
ehicles' are vvlthlnftdge scope. of . th%V Epended claims: Wth ppre particular
Pt Claim s |

r ef er endEUR the| $E0Pg oftae appen mage BHERMaE ELgreRre tﬁ RJ@hi e 10 -
dypy ng 'B%s@ﬁ}ger%% @Ldvﬂpsegfedgﬂ%ﬁl@ﬁ' gl'ﬁmlngf& e?:ltlotnsotf 1cl§l T ﬂgﬁ\%\wj

tip, such as m ght be caused by a surfaceirre arl ovvn an

descr i betigaof tnsrdeﬁvardar;ceuctmasl-'rh@ht b&Bausdh bn aautfhdetmegultmdyt 1sl‘snbﬁnlaﬁd aewsed in
one of the%x??x gﬁglbed above with reference to a backward tilt, .
depl oy mdAtc Siyelsrence (hEG- OB Vheny tilt gf Bl ratg sgisenprd g of dher was ener gy

i's act ugL&divk® abRHESHIT HIGLR 188 l%iglrdggxféﬂhgtadg%&ggéfo cff h&iich trxﬁ:%ﬁarﬂrﬁ is O

anot her gas, Is either drawn or ume w

t hei nt emmated,midahefe«sérvomms bharpy Mactldledcags8O@hiGh 28 teunfdié abdﬁ\{aﬁiisllﬁn an
azl%l rator{(on hown is used "toentrain an additional vol unme of gas, ych

anbi éX f”ngaér‘dﬁfm‘ird“%? 8r fogpFdnie m‘qoll{m'FeWé&lﬁafhﬁrqﬁawréagfmeoqf 28~
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10 tlpped fully sideward cushi on con roun
havi ng ' absdditienaltvodunemef gpg, such as ambient air, in order to more rapidly fill the expaﬁ'ding

cushion 28. FIG. 10C shows cushion mechanism 14 fully inflated. FIG. 10D shows veﬂicle 10 .
- -tipped fully sideward, with cushion 28 in contaét with the grbﬁnd, having absorbed the €nergy
20 of impact .by compressing and redistributing the air, or other gas, containéd within cushion
28. o |
The described embodiments of the_: invention are intended to be merely -
_exemplary and numerous variations and modifications .wi'll be apparent to those skilled in the
art. All such variations and modifications are intended to be within the scope of the present

25 invention as defined in the appended claims.



20 of inpact by .conpressing and redirst+buting—the air, or other gas,

cont ai negyowdabgs cushion 28. The descri bed enbodi nents of pdtresesreasost i on. |
are intended to be nmerely exenplary and nunerous variations and

nodi fications will be apparent to those skilled in the art. Al such -.’
variations and rmdifications are intended to be within the scope of the

pr esent %lg\é? |gn as defined in the appended clains. 6 WO 99/ 22966.
PCT/ US98/ 23 AlM 1. A depl oyabl e cushi on mechani sm f or protecting
a passenger of g personal (&’Gé}ilgy Eﬂﬂroﬂeiﬂé&)ﬁ%qo? ﬁy*ﬂéc% 'ﬂg
conprising: (a) a cushion for sor I ng- energy, havi g an terio surface
coupled 5 to the vehiaglesona wvehithe ahend&p]l@abh&utmopmerhhmsmfdompmmgof t he
cushion outward fromthe vehicle; and (b) an_ actuator for triggering the
introduction of a gas @rashshiopdpirbspring enesey, bAving apintarier %qﬁ@ce’lcﬁ%]ﬁgo

Syr f acy Lﬂfe VEIItﬁ@l(?QH §Gétp£'maﬁner%s qqgér%}'l?HJIfﬁugH ﬁPlh%Q:u?ﬁ&? 'E)gfvpagd £Qnf th 'vgin% ;
further. rnc r eservot oring-energy for 1n Iatl on
of thea[(mshl on. 3. A depl oyabl e cushion _according. to claim2, wherein the
ener gy. reservoir includes at |east oné 'spring for storing mechani cal
energy. 4. A depl oyabl(® apshian fapkieganagihedasrdiiciign vba epaframulsidhtheei n.

t he Mshgﬁ to%x%rﬁ%ﬁ%ﬁ%r%?acm Cus%g)PS A depl oyabl e cushi on accordi ng

to claim g cushi'on Ts coupled to the vehicle to permt _
inflation of thezcushispgepi@abaidhoh acbsdinghb elaim 16 furfed Rl RIRDhPei ON
according to claim1, wherein the cushion is "coupled to the vehicle to
pBr ni t resevPtiPOHOBRE emgxmm&mmmfmwsbmm he -vehicle. 7. A deployable -
cushi on according to cj nth.e cus 20 .coupled to the
vehi ¢l e to perm £ inf I""éﬁEil p&WaB e(i“ﬁéloé‘@gﬁ(?rg’r?gépﬁg\‘z@&dwz‘Fret"hg‘e\Fé‘Efgé’l-‘eZ- 8. A
depl OYQBér%ﬁliﬁélh&E& RGBT HSPH g rﬂ%xﬁ@clﬁhﬁhf@n%rg}w“er ein the cushion

i ncludes at | east one orifice abling air flow fromoutside the
cushion to withi#. A deployable cushlon mechamsm accordmg to claim 3, wherem the

spring is a compressible member. _ _
15 - S. A deployable cushion according to claim 1, wherein the cushion is
coupled to the vehicle to permit inflation of the cushion rearward of the vehicle.
6. A deployable cushion according to claim 1, wherein the cushion is

coupled to the vehicle to permit inflation of the cushion forward of the vehicle.

7. A deployable cushion according to claim 1, wherein thé cushion is
20 coupled to the vehicle to permit inflation of the cushion sideward of the vehicle. - .
8. A deployable cushion mechanism according to claim 1, wherein the

cushion includes at least one orifice for enabling air flow from outside the cushion to within
~ the interior surface of the cushion. _ | |
9. A deployable cushion mechanism according to claim 8, wherein rhe at
25 least one orifice is a valve.

10. A deployable cushion mechanism according to claim 1, wherein the
cushion includes aplurality of bladders for constraining lateral motion of the passenger.

11. A deployable cushion mechanism according to claim 1, further
comprising an air-forcing device for propelling air from outside the cushion to within the

30 _ interior surface of the cushion.
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the interior surface of the cushion. 9. A de e cushi on nmechani sm
according tq claim8, wherein the at ast one orifice is a valve. 10.
A-depl oy WPEYRWEHi on mechani sm a ing to claim1, wher ePRTAUS23805hi on

includes a-plurality of bladders for constraining |lateral notion of the
passenger. 11. A deployabl e cushion nmechani smaccording to claim1,
further conprising an air-forcing device for propelling air from outside
the cushion to wifhin A@@(%o?ﬁblé@ﬁﬁﬁérpﬁxe%ﬁﬁ?ﬁcd& dih¥ o ahﬁﬁgqumaZ L ttis
6ric~ i nAJ Dccid REPLACED WO 99/ 22966 PCT/ US98/ 2350 epl oyabl e
cushi orfompeisingi anraspicator atlaptedifor inicedasing the violtume of ganfpomsiumidesthe asghiorat or

dapt ed f, tsi.de th hi
?n??ogdgrfé%‘{l{cé&] re%ﬁwf}ﬂﬁgﬂ?w@}lﬂfﬁ g;@ggﬁﬂ‘lé)‘?nl ﬁg (Szlusﬁl one (igs :Aogepl oyabl e

cushi on mechani'smACCOAAPByiKle Elididh tbeh A clardlﬁ to<§ L@é é nlthd 99€rs,
t he |ntroduct|on of a gas’ fromout5|de Lhe cushion o _vvlt e 1n erlor

tilt rat t he son | oyabl @ cushi on machanl sm
accor di# a‘fedndF%HOﬁﬁ%@raé?W‘tW °f§c¥’ﬁ%{f‘6ﬁl “?‘ri’é‘p&d‘B%Cl e‘F il adiE QG theererrRAR m f or -

r et ai niyagicidre cushion i.n an undepl-oyed,-condi ti-on.:z L0 15. A depl oyabl e

cushi on nechani sm according to claim 14, .wherein the .1 atching neghanismi s

a magnetic |atch.1416. Addpipyﬂyabhﬂllmhcmlmmd%rdlﬁgn(ﬁﬂ&ﬁf diwigeréia tedai m 14,
wherein the. mechani sm.i:s rel eased upon. pressurization of the
cushi orfCtugigr gl@ﬂ%éﬂ.lg Ripg Meshai sy regaining the Cushion in an undeployed condition.

10 15. A deployable cushnon mechamsm accordmg to claim’ 14 ‘wherein the
latching mechanism is a magnetic latch. _
16. A deployable cushion mechanism according to c1a1m 14, wherein the

latching mechanism is released upon pressurization of the cushion.
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