WO 2012/ 155120PCT/ US2012/ 037671 TRACKLESS DARK RI DE VEHI CLE, SYSTEM AND
METHOD [ 0001] This application clainms priority fromU.S. Provisional

Appl i cat iwo 2bi/158120484, 942, filed on May 11, 2011, the eomtusnd120876xhi ch is
hereby incorporated by reference for all purposes as if fully presented
herein. FIELD OF THE | NVENTI ON [ 0002] The present invention is directed to
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reinstalling the tracks. AJEIELDOF MHE INNENFKNC| es were not

sel f - powered. Each vehicle, or a string of vehicles, may have been coupl ed
toar chajn, or cable that ran in a continuous |oop throughout the
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by the vehicle without use of a mechanical track or wire stretched along the route.
BACKGROUND OF THE INVENTION

[0003] Vehicles for amusement park rides have existed for a long time. Earliest vehicles
rode on tracks. These vehicles were loud, due to the metal-on-metal sound of wheels on tracks.
Rides making use of these vehicles were not amenable to changes, because of the difficulty of
removing, reconfiguring, and reinstalling the tracks. Additionally, these vehicles were not self-
powered. Each vehicle, or a string of vehicles, may have been coupled to a rope, chain, or cable
that ran in a continuous loop throughout the ride. The movement of the rope, chain, or cable also
caused undesirable noise. Moreover, the mere existence of the rope, chain, or cable posed a
physical threat (due to tripping or entanglement) to any person departing the safety of the ride

vehicle and to the amusement ride operators themselves.

[0004] An innovation applied to the earliest vehicles came in the form of an on-board electric
motor that was powered by an off-board power supply. To transfer electrical power to the
electric motor, vehicles running on tracks made use of a “third rail” that ran between or to the
side of the tracks typically at a predetermined fixed distance from the track. Conductive metal
brushes or shoes protruding from the vehicle made contact with the third rail. Electrical power
typically ran from the third rail to the electric motor of the vehicle via the brushes or shoes and
was returned to ground via the vehicle’s metal wheel making contact with the grounded metal

track of the ride. Electrical vehicles of this type presented the serious danger of electrocution of
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notor that was powered by an off-board power supply. To transfer electrical
power to the electric notor, vehicles running on tracks made use of a
"third rawvb20tas120an between or to the side of the traeks/usgpoaishy at a
predeterm ned fixed distance fromthe track. Conductive netal brushes or
shoes protruding fromthe vehicle nade contact with the third rail.
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the vehicle a the brushes or hoe and was return und.vi a
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two turntables are 'charging plates' that contain el ectromagnets. The
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batteries need to be recharged frequently so W1th1n the attractlon S two turntables are 'charging

plates’ that contain electromagnets. The magnets work in conjunction with onboard magnets that
create an electric current that is transferred to the vehicle’s batteries.” The World According to
Jack, supra. It is believed that the ratio of the amount of time this type of vehicle spends on its

charging station (e.g., turntable) vs. the amount of time the vehicle spends moving under its own



WO 2012/ 155120PCT/ US2012/ 037671 power, is greater than one. Accordingly,
the vehicle's batteries are slowy being charged for |ong periods relative
to the tiwe2ueersstzhe vehicle is in notion. [0008] SecondpcCraise@kadrévhat use
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problematic at least because patrons are usually confined to a single room (which may move in
yaw, roll, pitch, and heave) while images are projected on the walls within the room. The latter
situation is problematic at least because patrons face all the same issues faced by patrons of older
ride vehicles that were confined to riding on tracks; additionally there is the danger of

electrocution if a patron was to leave the ride vehicle and stumble on the electrified third-rail.

[0010] Still other problems exist with respect to the motions of prior art vehicles. For
example, there are no known prior art vehicles that can “crab,” that is, move in a linearly
diagonal direction at a given angle, for example 45° while the vehicle faces forward at 0°.
Additionally, known prior art vehicles do not typically cross over their own paths or operate
simultaneously with other vehicles while following paths that interweave the vehicles. The

ability to interweave the paths of multiple simultaneously operating ride vehicles is desirable in



situations where ride designers want to mmc the seem ngly random patterns
made by a noving school of fish, a swooping flock of sparrows, or a running
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i nconveni enci es an ef1 cienci es ot conventional systenms and schenes
associated with vehicles for rides in anmusenent parks. In accordance with
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hor | zdAarMENt N Ecadirekppek: i mcm%ﬂlymlgem%%@wgﬁi @;{mq%ﬂ% ate
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passenger platform with respect to a lower steering and propulsion platform, where the upper

platform moves in pitch and roll and the rotates with respect to the lower platform to move in

yaw, and is not required to be removed from service, or sit in one location for a long period of

time relative to the time it is in motion, to recharge its batteries.
BRIEF SUMMARY OF THE INVENTION

[0013] The present invention obviates the aforementioned inconveniencies and deficiencies
of conventional systems and schemes associated with vehicles for rides in amusement parks. In
accordance with an embodiment of the invention, a motion assembly configured to produce pitch

and roll motions may include a lower reaction plate oriented in a horizontal plane, an upper
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and the | ower shaft end coupled to the |ower reaction plate, and when the
pi vot abl e coupling is oriented vertically its central axis is perpendicul ar
to the howDzoriab12pl ane, and at | east two |inear actuat @cs/uspacaseapar t
from each other and fromthe pivotable coupling, and coupled at respective
upper ends to the upper reaction plate and at respective |ower ends to the
| ower reaction plate, and configured to extend and retract to pivot the
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chassis, a first propul sion wheel coupled to the chassis, a second
propul si on wheel coupled to the chassis and spaced apart fromthe first
propul si omowheelss12a sl ew bearing having a first side fiPea/useo2ioa’schassi s
and a second side conprising a slew bearing gear rotatable with respect to
the chassis, a notor configured to rotate the slew bearing gear, a platform
coupled to the second side of the slew bearing, mherein the platform

rotate ect to the chassijs ction of t and seating
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opposichgsts0 the front side, where the seating front side can be rotated to
point in any direction with respect to the chassis by operation of the
notor regardless of any direction of travel of the chassis. WO
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wheels fixed to the chassis and configured to propel and steer the vehicle according to

commands issued by the controller, a lower reaction plate coupled to the chassis, an upper
reaction plate spaced apart from the lower reaction plate, a pivotable coupling having an upper
shaft and a lower shaft extending away from a center of the pivotable coupling and terminating at
respective upper and lower shaft ends, the upper shaft end fixed to the upper reaction plate and
the lower shaft end fixed to the lower reaction plate, and at least two linear actuators spaced apart
from each other and from the pivotable coupling, and coupled at respective upper ends to the
upper reaction plate and at respective lower ends to the lower reaction plate, and configured to
extend and retract to pivot the upper reaction plate about the pivotable coupling to produce pitch

and roll motions of the upper reaction plate relative to the lower reaction plate.

[0017] In accordance with still another embodiment of the invention, a vehicle may include a
chassis, a first propulsion wheel coupled to the chassis, a second propulsion wheel coupled to the
chassis and spaced apart from the first propulsion wheel, a slew bearing having a first side fixed
to the chassis and a second side comprising a slew bearing gear rotatable with respect to the
chassis, a motor configured to rotate the slew bearing gear, a platform coupled to the second side
of the slew bearing, wherein the platform rotates with respect to the chassis by action of the
motor, and seating coupled to the platform, the seating having a front side and a back side,
opposite to the front side, where the seating front side can be rotated to point in any direction
with respect to the chassis by operation of the motor regardless of any direction of travel of the

chassis.



assenbly mounted thereon, wherein a portion of the notion assenbly is shown
in partial cutaway/partial phantomview, all in accordance with an

enbodi mrerwoab1tsgi2zonventi on. [0022]FIG 4 is an isonetrPCTUSea208767he
transport assenbly and notion assenbly of the vehicle of FIG 3 with
passenger seating nounted atop the notion assenbly, in accordance with an
enbodi nent of the invention. [0023]FIG 5 is an exanple of a powered

st eerabl e propul sion ' [ , 2, and 3, in
accordance w Fh an emﬁmséﬁﬁﬁﬁn@@%mg@ﬁé Gs. 6A, 6B, 6C, and
6D illustrate various notions that can be acconplished by a transport

assenhy18yf asmenil §lebrds Arcsie Pldd@nERinVotrhirtiad} tRIBGMNABBE oLfhe R]ehtNMEIMELAN.
[0025]FIG 7A and 7B are front-lower and rear-upper isonetric views of a
mot i oMersseenficallyi n accordance with an enbodi ment of the invention.
[0026]FIG 8 is a right-side partial-cross-section elevation view of a

vehi c |[601i9]' acgfet, 430 ﬁ%oﬁlyéihg' is%ﬂle?rfgj\qg\iv 0 gttraﬂgpotﬂha% sén%i? A iaQ/thcle in accordance

with an embodiment of the invention.

[0020] FIG. 2 is a bottom-side isometric view of the transport assembly of the vehicle of

FIG. 1.

[0021] FIG. 3 is a top-side isometric view of the transport assembly of FIG. 1 with a motion
assembly mounted thereon, wherein a portion of the motion assembly is shown in partial

cutaway/partial phantom view, all in accordance with an embodiment of the invention.

[0022] FIG. 4 is an isometric view of the transport assembly and motion assembly of the
vehicle of FIG. 3 with passenger seating mounted atop the motion assembly, in accordance with

an embodiment of the invention.

[0023] FIG. 5 is an example of a powered steerable propulsion wheel of the kind shown in

FIGs. 1, 2, and 3, in accordance with an embodiment of the invention.

[0024] FIGs. 6A, 6B, 6C, and 6D illustrate various motions that can be accomplished by a

transport assembly of a vehicle in accordance with an embodiment of the invention.

[0025] FIG. 7A and 7B are front-lower and rear-upper isometric views of a motion assembly,

in accordance with an embodiment of the invention.

[0026] FIG. 8 is a right-side partial-cross-section elevation view of a vehicle in accordance

with an embodiment of the invention.

[0027] FIG. 9 is a block diagram of a vehicle and system in accordance with an embodiment

of the invention.



[0027]FIG 9 is a block diagramof a vehicle and systemin accordance with
an enbodi nrent of the invention. WD 2012/155120PCT/ US2012/ 037671 DETAI LED
DESCRI PTIvON 2p20E812bt i s to be understood that both the fPoraseing®Iwener al

description and the follow ng detail ed description are exenplary. As such,
t he descriptions herein are not intended to limt the scope of the present
i nvention. Instead, the scope of the present invention is governed by the

scope of the appended cl ai T i i cle described herein may
be conprised of three asse@?tg?ﬁﬁbeﬁﬁﬁéﬂgﬁémasserrbly, t he notion
assenbly, and the passenger assenbly. The notion assenbly nounts on top of

the t neoxspor t It aseEnerstde RADSBNEE FordSs R BN rdTAd tiOR ah @ e @bl1d iR MOt i ONn
assenblies. The invention is not Iinitg%ﬁt%E%his c%%?iguration. Eacﬁ of the

t hr ee datgledrid¢sceiption ae esemplat rapaghi the dewaiptipes sviein OB [IRrpIGed 1o figigthe

0P, TOTELELE [ BN L MRE0l SRR Sl AR D,

I sonetstépe ofiteappenddiecldiim@nsport assenbly of the vehicle of FIG 1. The
transport assenbly 100 is a structural franme of the ride vehicle. The

trans t assenbly 100 provides multidirectional propul sion, The transport
assengi?@”ioo Thclidedide é?ﬁgglg?ih%lzm%@ CIRRIEEY 05@26%%%1?&%: HR&PAFht  of

the velicaluty, admdlibn 9&9&9595&1 {hiaﬁmgngé?%gs%mly.Tm hbANSREMDRIAGHN ¥ 100
further 1 ncludes two steerable propulsion wheels 104, 106, i ch together

may caoosol thetrenspog asseopuy s Thapsystgemosémblyenoumnsp mptof dissmabdryask@dbliesnd t wo

assi casters. 108,. 109. As used herein, .a ssive caster 108, 109.
P ovor | T dTniag 1S Al o MR eEiTesiRoEy Brer a BE e PR E ol Hateerringd
supporif ofdaepMehi cl e. As used herein a steerable propul sion wheel 104, 106

is a device enployed to realize steering of its wheel via an integrated
steering notor and realize rotation of its wheel to propel the device over

a sur 18@¥Wlof Fladp atigp-side isemetir Yinw of pdtapepodt 3syanbhyobp vameletl09ndni ssi on
I ' : | . | si
asse%%m@%{%@ dﬁ{hea%rénq%fd@%@g)tfﬁ?eqncﬁttﬁ%‘.e tﬁ?(é.‘"ﬁ‘ﬁ% p@font d18e ?s%ﬁl%{rg{;\}l@w REGRU S1 on

wheel i grees o i'on abou Z-axl s. e steer e propul sion
wheel srah@brt sGEnbiRy e wehli &OFIGo 11 Mae claag®itasddibly N06 pacedicaparftanheefat i ons

dir eCttllley rigepge%?glé.eﬂ?enganaégggt rzlgl‘sreinbly 100 provides multidirectional propulsion. The transport
assembly 100 includes a chassis 102. The chassis 102 supports the weight of the vehicle and all
occupants riding therein. The transport assembly 100 further includes two steerable propulsion
wheels 104, 106, which together may constitute the propulsion system of the transport assembly
100, and two passive casters 108, 109. As used herein, a passive caster 108, 109 is comprised of
at least one wheel mounted in a swivel frame and used to support the vehicle. As used herein a
steerable propulsion wheel 104, 106 is a device employed to realize steering of its wheel via an
integrated steering motor and realize rotation of its wheel to propel the device over a surface of
travel by use of an integrated drive motor and transmission assembly. The steering motor can
rotate a wheel of the steerable propulsion wheel in 360 degrees of rotation about the z-axis. The

steerable propulsion wheels 104, 106 may be mounted to the chassis 102 in spaced apart

locations directly opposite one another.

[0031] The passive casters 108, 109 may be mounted to the chassis 102 in spaced apart
locations directly opposite one another and rotated 90 degrees with respect to the locations of the
two steerable propulsion wheels 104, 106. The wheels 112 of the passive casters 108, 109 are

freewheeling; that is, the wheels 112 are free to roll clockwise and counterclockwise and are free



[ 0031] The passive casters 108, 109 nmay be nounted to the chassis 102 in
spaced apart | ocations directly opposite one another and rotated 90 degrees
wi t h respwotot2aissize | ocations of the two steerabl e propeCsiusaonioesis 104,
106. The wheels 112 of the passive casters 108, 109 are freewheeling; that
is, the wheels 112 are free to roll clockw se and countercl ockwi se and are
free WD 2012/ 155120PCT/ US2012/ 037671 to swivel (rotate) in any direction

Gt her configurations of steerahl e propul sion.wheels 104, '106. and jve
cast S oglaGls) B Sl e OGSO BRIt HS OpETEHE At AR HER: 10F 1Dhe
i nvent;h@Radsiel dstes 188, | ®ARE pbWib1SIHRRVAE, thelrORHES ERBoIHRE! Sf ROthved®éh N a
preferred enbodi nent, as shown, the steerable propul sion wheels 104, 106

are poedledesneltasitwd 3@emblt Gopuleign edselilOh, Hés Jeepraforrehembdtamsitsast 02. | t

i's, however ithin the sco f ipnvention to sitian the steerable

or opur b O aeab o gar BEeg 1A TobaGRY 1Rl § RN LSDRE e Chacsi s
102. [©p32]td e dhassi®. IR, Fdyeved BREiA tik @aﬂbé 6 tie aSBRIEH d pbiionahcont r ol

el ectronics assenbly, a nmotor driver assenbly, and various sensors used in
cooperEerable RiPPHsign whsels dAfdl 4oy Dgad i8R degreesewitlt Frspeds othe chasndd3] The
battery assenbly 114 may include a rechargeable battery 910, which may be

conpr i_FmOf ?H@c}%&%@éfmggéﬁoﬁ zf:lt%{:cl'!e 22613 198§ E5roTBRAYGTE Yss l?l em

912. attery provi e "ener gy "needed for operation of 't he
ri de wehotot érivzetiveeearbly, @aath angousgensbneudedtit esopermioagatient orsystré m@gdicnont r ol s
and nonitors tpe charging of the battery 910. The battery nmanagenent system

912 maYSHIANYIGOYBI t age, tenperature, and other paraneters of the battery
910 to permt recharging w thout damaging the elenments of the battery 910.

[ 0034][beB3r deThd BatleBE RAEMEBIY NG hdydiBcMBOh 6 BaSelRt bty 916 wiMER REybemes t hat
the vehicle could be coupléd to an energizi ng/ chargi ng system such as

whi | e copdiatgoiome on mwae Paitprp el Senitsed Batisry wandgempatisystent Br2. alkatattersi Tlit
amount_ of. .t i at_a location within ride environnent, it was- determ ned
that | PN W€ ndey R R e ban of ol L] SR etk " RN
power /ngihas@ieritQydtéra oNekbetdls hid MosHeK theddattiig of tht bawery 9@, Tn®ULterf
power/energy i s dependent on the demands of a given ride vehicle. The
anpuntMARLENeRS syssery 8 & iy oniforivekiegep iempseateiodiistotdr parameters eHicdrbeypends
whil e d i . . . i unt of tinme, if

any, tgﬁg%\%ﬂ%éﬁgg}éag%gg n%s}ﬁl%gtse% %@ﬁ?%ﬁﬁg%%éggb%%&@%uses may occur
whil e the vehicle occupants are watching a novie or other presentation.

Addi t i[60] | v, Intdrderttotradharobmtidofeticla® bateddd Ofdoring éolearigt thg vehicldmutt vi ded
between nul tiple charging stations that may . be visited by a given vehicle
'n 5 GREIPIFS BT S GnAERY £ T RSSSE ™y S WIS 193t PRI T Bt hot
any Uaﬁﬁﬁéﬁﬁﬁﬂi%Pésﬁ%@ﬁh!ﬁﬁ&h@%fﬁﬂmaKQR%ﬁﬁ&@%hﬁﬁﬂ@ﬁd@@ﬂmﬁﬁﬁkﬂiﬁgwéyStenB
were found to be insufficient for this purpose.

2012/ sstmpdTHay820ds21c0S 78y 10 provide a given and relatively large amount of power/energy
to the vehicle in a short amount of time. The amount of power/energy is dependent on the

demands of a given ride vehicle. The amount of time is generally limited by the amount of time
a vehicle spends while loading and/or unloading passengers and by the amount of time, if any,
the vehicle remains paused within the ride. Such pauses may occur while the vehicle occupants
are watching a movie or other presentation. Additionally, the total amount of time needed for
recharging may be divided between multiple charging stations that may be visited by a given
vehicle in a given ride environment. These values are readably determined without any undue
need for experimentation. Known batteries and charging systems were found to be insufficient

for this purpose.



[ 0035] I n overcom ng the problens encountered wth known batteries and
energi zi ng/ chargi ng systens, it was determned that a battery with a | arge
capacity woubt/pser2nit a greater anmount of power/energy tPoThsS2@ppPBised to the
battery as a function of tine in conparison to a battery with a smaller
capacity. The final resulting battery for a given ride vehicle depends on
the vehicles voltage and current demands as well as the limts inposed on

time able for chargin s descri bed ahoye. sui tabl e battery capacity
can b0Bor of nnOeV&rwnPﬂ% it e® SR e A Ko R ERE S ar s abl oo
descri-hed;A RN ‘i’te\gast&té?ﬂl%e‘afthé“‘tlﬁ'Ha'tteﬂyr\lett}hﬂa"i‘gé capatify REGIARLARIE

| evel of "bat ery depﬁetl on between charges nay al so be a function of the
var i abl geatdesequnbelpaiaieacrgarel beragplisd teHieduetetymsentangtiogi ot ftl@iteemtcongppesqu

teet ot n oRE S e BBy RGP G R IRNBRITLF R s Rl e b RHep O

r echarogithgdyehidBevdial ga@nd Yurfed@ bérh @elisfag ivellas theClaltginighsv@sn BuRravaildbl@ékpve t he
actual capacity needed for the ride vehicle. Having excess capacity

provi ¢eweinges éa@éétabwebe%@maioled:attﬁ@/om@ma qandegeisumined viteghaidyieng

requir

neaded Pttt e ey BaBRE LALIBE ot Bre fEMEN Morel RIPHHe B T e
had g rae@etp&tblsslapamf ﬂayttetrp aleplbequbeftezdeﬂ dl’argfp anatdlanisd a fimedsn vithe vhigablerexpect ed
benefit of only using a small anmount of the battery capacity during each
show. I&EBEARBRy et @daﬁaléh%BHlqu%FﬂeVGW@lﬁférqnﬁWQﬁtoféS?@the battery 910 cycles
between 90 to 100 percent of its full capacity. [0037] The chassis 102 nay
al so sp@Rgrt Phe Qv&ﬂéﬂ%tilﬁd%ﬂ &ﬁ%ﬁee‘i&i‘ Be'n@ﬁt i%rﬁftfﬁ‘é?f dé&?sf’i’éﬂ ﬂ&gna;{ﬁiz%rtfaﬁgr toin
the art as a "slew ng bearing” or "slew bearing" . The sl ew bearlng 120
may | mepagdy (@rpeimitdichaevdreot faatreohnrgingyekire. capaplwrreqlarﬁdddr fmtnha@ngwa 1, the
teeth of the sle ar.are v ter surface. of the
o1 ow 9eMGRTso e ASRALERa B RRRY SRt dicte  atiBE ST Taset B ¢ on
Of t th@hrﬁ:Wp&Q&I béﬂ@flﬂgﬁreﬂﬁ@ﬁg th@%ib@ﬁﬁofh’@&m@@ﬁg ré@%uirkd b& iR ehicRdofetatdn; t he
"sl ew bearing upper-half" 122. The base of the slew bearing 120 may be

r ef er e, redueise threamaineof BagnFedgdifosehaiging” Atdgiongiheregliesd disdp usyolpt m on
mert AL o B P R b KRB IR S Bundh

bear i g ohigwsinghadnhall#Bounhsf tHaQ)a’tta\gﬁ:Iapd]ﬂﬂyfduhﬁgEhol‘BsiﬁoWO Ad&ercﬁﬂi@QSdnS 102, the
rotation i s with respect to the chassis 102. The teet ewbearlng
pi ni off dl%f‘ﬁl@a@@eﬂlh‘éenﬂ%tthe B@“etr}ﬁ%l%?wsﬁ%}??eﬁgqodﬁdgp pﬁf&?ﬁlt sztz qurhe sl ew
bearigg &I}l ion nmotor 827 (FIG 8) may be fixed to the chassis 102.

Accor i 3 the drive shaft 126 of the slew bearing pinion notor 827 (FIG
8), and the WD 2012/155120PCT/US2012/ 037671 driving gear 124, maintain

af f i x¢@037dsi t"lfhfr10ha@$iaﬂ®2’\/may@1so epmhteasOshagad rvm'tibmltrbﬂéng%&\mdnehwiﬂmg pi ni on

124 rot elative tg.the chassi.s. .The sl ew,beari gL 122 may be
ar  vertBIERineB® oY Sob S eersinus <. Tt pERE T JRESERARdre 1S

accor ghdlgdd £ thh& Aufoeah ooRr géar.r o Bleicfiboaimditef BIGW, BRABAGS ﬂierkne%béa%ﬁ
[0038] I n the enbodi ment of 1, the pinion 124 is positioned outside of

t he slléWebuane rigibloon therpute saifacerad sheeslewrbentingel0. (Aﬁdtse@ hoigt), fortmépq@f: af on
124 ma%br% 1a881§ It% gnl% gn OP ﬁle s?evx; Q ar% 91\2’0191(13 cﬂ%eg‘ %he whi‘f) I ?e r nag fhe
confi gurat ?1 of {Re sl'eéw' gfﬁb o1 e mesh

with aslewrtfeaﬁ@g)ﬁpbdﬂglag‘eanz oThet e pf ﬂiecs[wlﬁéhnngrlzelrﬁatyefe @Qﬁ%ﬂ%ﬁ@tﬂlb Oflewt he
sl ew bearing upper-half 122 can be rotated, w thout any need to stop, in
the clbseiug S@eonalEolmt ebhecilo kearsg RinipB @19t/ (FFO.oY ety Reoromprispdhoba

prefe dh%gsh%ﬁti%g'f&%@rto QEle%vﬁa%ahR% 1% WI Setl*gi;%/ s a?i?lgﬁl?ﬁ‘& HPPE-Bakds id g can

be driven c W se or counter an angufar” amount greater than
360 depmebsyinpildwotitalfadp. neate lc@varahlfnmﬁiccd tanhedraksiet 0 olsd toradionhywitht at i ng
nth r i Qn.
int ?es%g tC%g Itﬁeechglssme %2' Qﬂle teeth of the slew bearing pinion 124 engage the teeth of the slew
bearing upper-half 122. The slew bearing pinion motor 827 (FIG. 8) may be fixed to the chassis

102. Accordingly, the drive shaft 126 of the slew bearing pinion motor 827 (FIG. 8), and the

10



[ 0039] An optical encoder 210 indirectly coupled to the slew bearing
upper-half 122 may nonitor and output information relating to the rotation
of the slwa2bearssrzg 122 to a processor 901. Wth know esg@/ustomiazenagni t ude
and direction of rotation, and of the dianeters of the slew bearing
upper-half 122 and the pinion 124 at the point where their gears nesh, the
processor 901 can cal cul ate the angul ar position of a reference point set
on the slew bearjng.upper-half 122 in relation to carre ndi ng.reference
00i Nt INEREAE frfs ST AT oS0 R Rl RAT Ty ehpssisn2artilsdrealy bsfritge

i nventyiQbn 124 fdthtsd rePRivE (3Bt BhssR. STRRIRA EARnB&ppiliRet 129 Biy b@liveact | y
coupled to the slew bearing upper-half 122 and a second part 130 of the
sensorlahwisger gpiiitgshckeyisehwith hpsit o heZhasshseacsoedin dtoathe dgedippent 1¢tatién 122
can beO ggei%{en gl OCk“l‘filisel?% countercl ockwi se until a signal fromthe sensor
i ndi catf %‘%P THe ¥1'P4¢ “&ind second parts 301, 130 are in alignnent. In
this way, a processor controlling the notion of the slew bearing upper-half
122 anoo3gpni t rthegmbbéineut GUFICOT, theirEen st isGaRitioaédd @sildof Sk elwwogarinpg
upper-half 122 to a known "hone" position. Al applicable sensor types,
such d20- fipan giespaie embedippent (noy HovaRrile piniginl pnpy: B Pesdtirnse insidathe Sisyi nt
conta , : Lt hi 3 C i I : > IS
102 g IFEER S b Roh SRAD e b AFE Y8 gL 3] 0 DR AR

c omumiashtwidnscaredpuivey gdao obehetpiraos | 24.r ckither @mdighratom aberplowdrtsnof t he
chassis 102 é}o t he WO 2012/ 155120PCT/ US2012/ 037671 porti ons of the vehicle
coupl SBPEAhEr2qaBReBRAA nY BPEEPY Agid o £8P, Iny Falcoak@mf&r RIS LIPS 1 abl e
becauggrecishs e?ﬁpl)t"}\‘sf‘@grd@biﬂ\éeprefe%ﬂ Embdiffent bfthe ih@nbidie R BURbefin 4 1&%@%—' on of
the sl ew bearing upper-half 122 with respect to the chassis 102.” [0042] The
chassihglf1@2 cambe diigm dloddvasteoracobutersdocksyst lymni@yuiahamouetrerediechin 3¢l ener gy
of an jnpact .and spread.the | oad of ..t he | ct into.the chassis 102. The
burpereRer arps SRR s Gun S RS aoPbP it P8 sRPREE sFedfon a6
sandwi ched between an outer wall 138 of the chassis 102 and a resilient

out er [06BAR]T | ngnbﬁﬁcal%ﬂ@dﬁeﬁgl(ﬁinﬂﬁbalﬁdﬁﬁﬁkd% tHEBllad bealhe uppanhdBi Erinay 136
may be glued or otherw se secured to the outer wall 138. The foam nateri al
136 am@Pnites apdytputdpforgatie rekasing tp Hig rewgomal thsslevebgaringd 22 fo s BIsRTIPS 142

t hat t : 43 chassi s
usi ng g0l { o BRUEAR A6 bRl oh R A B bl e e e b e i~ any
pr ot r ytbiwnigeahiap dpparehal{Tie sdginepin®onll22 andy pointaviehotheid gbars iesh fthaam mat er i al
136 and/or the outer wall 138 of the chassis 102. The re iIierLt Qut er

cover iPYFeasen ”rh§anedl GUaF the dewiar ROAHER et FeFEIoeiPaHY SetendPs 3PV PRATRLCh as
nEOpr%?Eel(ﬁa@f ADSALDa06n Gef dRekpdHd re’f‘e%’ﬁc@%%ﬁlt%ftﬂb Guidiages. According to a
preferred enbodi nent, the bunper system 134 can absorb and rebound from
contact with another simlar vehicle or a wall or fixed object in the ride
envi r 4004t  whdditiphdly eharc¢rebedimptvaflee mvention, hifighestt 361 bbaadriser eypded.

l[:?g43]f1|1:r\|% §h§r aiinairf?ctltyoc%ﬁ&ieg % {-h%% ewt lgf;a%n\gf iugl\g\érgfalfl 1@62 atna%rg% o%rdtpa?tsls.’s%%?lt e 100 of

sensor can be affixed to the chassis 102. The slew bearing upper-half 122 can be driven
clockwise or counterclockwise until a signal from the sensor indicates that the first and second
parts 301, 130 are in alignment. In this way, a processor controlling the motion of the slew
bearing upper-half 122 and monitoring the output of the sensor can rotate the slew bearing
upper-half 122 to a known “home” position. All applicable sensor types, such as, for example, a
Hall type sensor, an optical sensor, and a point contact sensor, are within the scope of the

invention.

[0041] The chassis 102 may also include a slip ring or rotary joint 132, to permit

communications and power to be transferred to and from components of the chassis 102 to the

11



notion assenbly 300 nounted thereon, wherein a portion of the notion
assenbly 300 is shown in partial cutaway/partial phantomview, all in

accor danceowntdsarzoenbodi nent of the invention. |n norePd@tsee12/0616€1 not i on
assenbly 300 may be placed on the top surface of the slew bearing
upper-half 122 and fixed to the slew bearing upper-half 122. In a preferred
enbodi nent, the notion assenbly 300 is bolted to the slew bearing

upper-half 1 e co ent s and the fu j-on of, the i on assenbly
500 Va1 s O e PGV RAdD Ao b PR AF LS b IPRELT. HA and 78
[0044]d536réﬂ?é’b&5uéen£§ @éﬁ}b&ﬁéd%ové e BB AP ASS BRI URPOE BRiYioh B kiédgevd | over
reaction plate 302, pi vot joint or pivotable coupling 304, an upper

r eact ibearing witper- B@iél%%wmﬁeﬂmctﬁarthq dlasgui@ray / partial phantom view), and
at least two |inear actuators 308, 310. The | ower reaction plate 302 is
fixed he e e [ tabl e
coupl 105805 TAEUSEIF L0 e BRBuIR e s SRS Saf RS o APt 2

at an au@mpﬁctaﬁdi spread ﬂhe 1oadR 2R M pkio bihZREThAISROD2/ TBE 6dhpripetent ERICHAPN
pl ate 306. In one enbodi ment, the pivotable coupllng 304 is mount ed above

t he gdbrtederd %uré@ﬁtcempﬁﬁsmbkefogméwtwérlﬁﬁga@m heddigivesn, angyuges v lolc3§tq dhs are
acceptghlf. LOEQﬁd'a'r élégﬁtteij%\%hﬁ%?lgé s"ﬁ[:ﬁ'aéa@gn% g}%léﬁmﬂetﬁf Phel BYEMm jto the

| oner reaction plate and at an upper en e upper reactlon pl ate
306. TBé nayrteasiuvaicdruaicowsse 388iredBtbGhapetes palt @38 .aphe foahr maedalciB6atndelie and

fromthe.pivotable co i 304. . In.one enbodinent, a fir ear actuator
308 igesg;‘e)%t PPShE RS t ﬁ@ rffﬂ?f&ﬁtrearlgaﬁi ingjegaegp lgﬁéh%ahw Y aé)rﬁﬂc{} 3@6 ﬁh

S eCO“Q)nE lsﬂl%é&mﬁe% WadcREd Rlfle bﬁasﬁ@%blhlg ‘BBﬁQarﬁf‘sptaBs“r u'ﬂ%fs alfo‘%@ﬁg §éf@é’ct19ﬁ of e

moti on assenbly 300, both further toward the rear of the Totion assenbly

300 t thahs vvmboqm angtpadiualimohayd warg. J04 seg@ndngs 145 nenbeavidhosddo ¢halbempnatbtid, so

B e AT R e

r eact ioQBrlAl aifh Abthel RQIIFAYVRAIRALI 1481 ©ENhEFQHredAiLabsb® d?ld\éﬂé@bfhﬁowﬂEHctsng
304, where the pivotable coupling is a substantially fixed height and

subst arith arfagesnokrcewhng wssprofesed potedinmng thebymspessystednisthcpe absoenanst  a
hiclg 4 f d not
veni ¢ 3 ugg 6&%%%? q%t% anB Br dg{h?} Oeeiﬁ O?Q%J% RE S0RL Y HRO,@nd notion

assend | OnAl esS a passenger platform 402
nmount edvmrﬁperﬁh&leﬁﬂidmlcacsseimlyg 206 Iﬁgidast‘zﬂlli@vdbie spead.i ng 404 nounted atop
the passenger platform 402, all in accordance with an enbodi nent of the

i nventj | n_an Mtermﬂe enmbodi nent, the rows of seating_coul d be nounted
di rect b?%ﬂ 0 GoparoR-gde OBt Wew o3 F %ﬂé%&ﬁsssmﬁlée]& fong § L%ﬁgraat e
passeng&ionPls ?ctrﬁlﬂ{] hd Bunteld tﬁéi’é‘orﬁ %@fe‘ﬂ?‘& gox%'EBP Q| 'tHEE‘rH&tlont NEHNPEHO 'iseﬁq%WnO n

pl ate 306 woul d serve the purpose of assenger platform [0046]F
pur posesantifil ditscaysiroa pﬂlelntermvlewsalhgl alét@dam:ea@t}aarr @flbcmmcet oftthtemwcm@nof

seats 404 a ] tr ns ort.as 100 0 e veh 400 cansi der ed
50t adi s detaiktfe iisRAR ARG he BReahbBE e ghieRhSiRE, ne
rows Qb %)éel?aﬂfslﬁ%d@&@d% thTeh&v& B@a@ﬁ@% eragde ) Vin hQPerefred HAbYBRER], 1400 are

adj acent to a point at 90 degrees on the conpass. The back sides of the
rows dfotiazsseniyn 36k obted badik skivdleeaphg nlheerthaéfrﬂ@@o rlihe gemppaiings afpandpthet he
vehi cl.e 400 0 a Th i des
of 't nd 108 cbrRE mBPEH st APt SRS Bhaliftef B R rfE R AR 7R 200
are adphagent to a point at 270 degrees on the conpass. O course, the rows
of seats 404 and the transport assenbly 100 can face and travel in other

di rectl ons while si rrul taneously being in al b%nrrent or while being rotated
about [0 ot Bepvayyt itradyetioss ﬂt%@%%ﬁﬁ?fﬁbly Otpy ipglyde piovegeractign pRE s| ew

bear | Ng2UPPIShe Bt br F&Brab SE1 8h QopdtStRbofblie $od QolflFERRAe. the

y-axis is }2 &neé %ZC 0 and 0 gg%r ee poi hts on the coﬁ%ass,
cutaway / partial phantom view), and at least two linear actuators 308, 310 The lower reaction
plate 302 is fixed to the slew bearing upper-half 122, as explained above. The pivotable

coupling 304 is coupled at a lower end to the lower reaction plate 302 and at an upper end to the

12



WO 2012/ 155120PCT/ US2012/ 037671 the x-axis is aligned with the 270 and 90
degree points on the conpass, and the z-axis extends upward perpendi cul ar
to the suwbaee/Bm20hi ch the vehicle 400 sits. The wor dsPCrms2eg/oswrwar d* or
"traveling forward" indicate notion in an increasingly positive direction
along the y-axis. Mdttions or travel to the left, right, and reverse (or
back or backward) directions have their customary neanings with reference

to the forward di 7],The eferr di t of FI 4
1 o tPRR UL o DS 200 oY orlrerbtinae e B OB GBS &I A IR B T ow
404B. JIh@efiRWen®f oS kicRtbealiRe PEH;RRALVEUbRES foRaddd® a¥e f%bStablb NThEBnear

enbodlnent shown, each of the rows of seats 404 includes four seats. Even
nunberstugfory Hsaranathswapkdat @ lpyresfead tede lepsavaation pldte 0 ank itguuapérend and

nunbers ,of seats .ar scope of ventio F

M onor 8 petopE Aot 506 "Th Faf RRGaBh A0 | L hAcRR apdif oSG L fer &

r ows f&ﬁdlﬁ@fn Sephvdtdble EMHIILOBEA. aIrﬁoﬂM dntiodirhé1ft, S6QPEn@k aéthgtol BYERpodifioned
Furthernore, seats arranged in a circle, faC|ng i nward or outward, are al so

wi t hi enttherighioper e afiibe metiemassembly F481 Aceernd lngar estudier Tl ppsidened
enbOd'o'ﬁPtﬂé {ef 1%% Jﬁ@off tﬁg\,ﬁ‘loﬂfon ﬁ?s@%n%l 4% B?ﬁ' fﬂﬂhgrqg\;val%ietﬁé feaf 8]? e O%OHOS' tioned
equi di stant” from a ’nt”o er surface o0 € passenger

pl at f assandbd 300Mthen vl&r;iwma]ble am;ﬂm@aﬁ)gl @hérhﬂmughoﬁsfurs apeptablep B@foeg abkhe

passes_t hrough the geonetric center of the slew bearing 120. This permts a
non- e CHEMAL Liepttign F%Hlt%’fn 3 metiedseaplysuliss URpA IGRGHAN P%éfb]éélﬂo‘teé ip REchs| ew

bear i ngq }&ﬁwuhfrelﬁﬂi'érftogﬁé wekr $ealliSi 1%%%&1'&?@%%?9 & & ’E@r&’cpﬁ(%d% R an

i magi nary hori zont axl s runni ng etmeen t t an rng steerabl e

pr 0pulp$‘iomzrblmkmzpﬂmg B304, w6 thetpreotaldateupliog is otwtstantialdf figxdvehaigwsndf seats 404
wi || ncide with respe to the center of notion of the chassis 102. If
this ﬁB%%?“ﬁﬁ%Bo?ﬁ?%ngﬁﬁ “an imaginary vertical axis running through the
pi votabl e coupling 304, the rows of seats, which are positioned equidistant

f rom f5045]Poi RIG. 4% hh i@KRa%d ﬁeﬁ%fh%ﬁﬁ:leVéQiO%oﬁﬂ#ﬁéd 8y BbHbREd Mgk dposal
deflection as the notion assenbly 300 noves in pitch and roll. cour se,

ot her apw#bly d@{sansk mptien @sgmbldf%@@éﬂ(}@@ndnatichtlp@%bemlu@@ apesepeeht , and
th t ft and
4o PERBESLE DR e B SRS B LR Bol 2

pi vot ghksengeyitiong 48Q4alaineacabidange witears eapeditient dfehé vemionorn ahlaltamhtlael es S,
with alignnment described above, the seating dep| cted in FIG 4 are all

subj e@fnbpélmf‘éllt b veaysolsgiring coushs rmpeted dingqtngo yiempPpY feapionpiate 386 |
TANeU Gy eeng%Qll;/ %ﬁﬁ%@?&?g&q Qﬁéﬁ%@@gﬁ?ﬁ?ﬂn tPQQﬂe%Etkgmb%df 2l zﬁﬁw)' e of a

power e l'e pr simlar to 104 1-3), in
accor demaenplalt%(térlwelﬂb(sdlverﬂtﬁpmposbhné aipassengdr pintfofine st eer abl e pr opul si on
wheel 500 includes an electrical notor 502 and a transm ssi on assenbly 504

nmount opposite sid of .a base |.at 0 used j.n the odi ment of
e fo4d PRSP uosgeS b BEeR Dt IS oo ListaRRE. BEs00s of a0 o
assenbhy tﬂ&@ansﬂcﬁ]@as@&h@ry ﬁié?of Q'llid Veteld heo L RB/ITISSd Nfaeldd fordbtir€ Fovelird yes t he
wheel 508. The transm ssion 504 is conf |Ogured to rotate the wheel 508 of

t he stdegicabhdea ppopasss b rightesedessdohe naws BWQ&@M dlilfctmmroom essemelygt@und
to proyiqde fsd Y 4,98 8%ce Qtd g(nM %’b’%)pcfég%eé‘ﬁﬁgq a90 T &R AL gfjthe
st eer abl'e prop uIS|on eal ‘50 urt’her=rnc - L ec rical steerl

ot or r&d:0ofsedi3t4ed aho t}QﬂQchlsﬂle of thet thihs pas &sspiBlyel 00Q8 theT\l"tﬂalcS@&(DG fa5é.Badkf the
steering nmotor 510 is fixed to a steering pinion gear 514. The steering

pi ni oroyudrio 530 degisriasthe compaset Bakaft ddaarof shegrowsioheady 4Q4pandiibe pesPatti on of
the s lags\@nﬁ)?f'id)(ﬂgf thé QeiRPA 48b Q1 adjacent to a point at 270 degrees on the compass. Of

course, the rows of seats 404 and the transport assembly 100 can face and travel in other
directions while simultaneously being in alignment or while being rotated about each other by
virtue of the coupling of the rows of sets to the slew bearing upper-half 122. As used herein,

using FIG. 4 for reference, the y-axis is aligned with the 180 and 0 degree points on the compass,
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bearing pinion 124, the directional gear 516 is fixed to the transm ssion
assenbly 504, which is fixed to and rotates in a horizontal plane wth the
swi vel ablwowheeissB08 of the steerabl e propul sion wheel PB00/USINR/O03T6GET i NY
nmotor 510 is fixed to the base plate 506. The shaft 512 of the steering
notor 510 and the steering pinion gear 514 nmaintains their |ocation
relative to the base plate 506. \WWen the shaft 512 of the steering notor

510 rotates, th i ni o ar 514, directional gear. 516 rotates
el at {Uox b B 8 0He Db P ERgeeriive o0 Tirct s APQ b s SRy 504,
and t hgwhesd rgeﬁﬁﬁ:u@a@lt@ bRAuHB&S & @hich hSVENYEE 460 QUNANR WS 4188 in@XdrSrard™
accordance with this description, a processor would be able to execute
commamdsStralide fue adiendicetematal in po treB 02 aposdivgi dp@gtl@p@leng theystdxiknow edge
of the,transm ssi,on . assenbly's 504 ge ti,0 know edge of the
ai anotdy ' BR HEEH A gR TN, Be 2 RE RS SR A liPe P RTRe aount
of 1 otcattb@aryhedniGesWhigtetef&OReitd tike f3ivad daedigH, of tinme. Accordingly, the
processor could determ ne how far the steerable propul si on wheel 500 had

nmoved across a surface. Additi onalg 1?II ven know eeélge of the anobunt of
r ot at il80#7d¢ tﬁlée Risteriedsmbogiment of Kl HE}YWWP mudlehrpy st Haedtingralions of

the s r i r C r could
B B g R S S L R T T S e
[ 0050]eEib@d1mc&AshcﬁB; ebdD, ofahelr®B3 oflseats tlf)faineludas fcﬂmSeamtEmmutrﬂt&ts adanwbe
acconpl i, shed by r ort as enbly 600 of vehi cl e havi ng .two _steerable
pr opul3&f! 6‘??tW8£F§efitﬁzatq‘sf§‘®%Veérﬂi S BENRH A B SPEIPETS LAy B8 ViR EESF tlince
Wi th apaRTROGRRN FoPExahi}fe, a%@&t 100 eatd Rinitek H§§€a§§tlh%ﬂ§ o@ﬁl%réﬂ%%s\éhgwad Rows
of seats 404F, 404B are shown for Teference. In the illustrations, the

seat s M4OWEs of0aBs ahe seaty i theedwatreOvideg tisesopadl the invieatiom. aﬁsﬁ@rmomsenbl y
600 rot tes ung rneat.h f%\D 2012/ 155120PCT/ US 012/t 7371 theg} ROtd#[ﬁ on of

t he tr% SEOMECHLL R BT BB MY U O0 RIS E RE TP UG AECRE AN N By ed by
the action of the slew bearing 120. [0051]FIG 6A illustrates three forward
di rectf0g483 of AB®rdian t@ i peaededymBodim2AS B tvoas & Bbeatsold HadMigTguiSdeasr abl e
pr opul si on wheel s and Cf)asm ve casters configured in the manner of the

vehi cleachyg pefitipmed, cquidigtantifram pp imaginagy Pt o they lmpelewrfat:%ef the parsahycs

propul s el 108, 109
are dé)pl %It?%l\él%gs TIli}eljV gr;%fc%l;g@ gmg ﬂ‘\%ﬁ% Oqétté)tr &gg@lﬁ’s I%ﬁélg{h%nder st ood

t 0 be goodegiceester oflthe aleh leagng mm This gameing g nOIif edcblanstrﬁem@bd)fethemymn& on
wheel s 10 106 are not al ready. so aligned, a processor (not shown) can
commﬁaateg%wgbé%%ﬁﬁ%tlﬁr%%?%%% e thisgpintipalse gosiigense! abps @m&a@%s As
travel,,bggin naltyr}ﬁ)nl%@f%t%l $8s AARIS R v thel 8 afi ! h@étb&ﬂbl\é" Hsbuﬁsh&h wh&gs abl e
pr opul si on eel’'s 104, 106. [0052]Wth the left an rlgtp teerabl e

propul 1@40106V\tieetlesteﬂ@ﬂl;otamﬁ op g oive € ceadt 4@ wdlgroeesde witl oaspeat do fheemntehel

rocessor t Ita ly driv els of . thelef and ri

Dt oer anttionst dit T in peE s Boiat Syt aTorteevas TR Bueied s i iapven
di r ectthOpiv¥dable c%ﬁfﬂ%% dleth\sqbwg bEsaB0whRhhge PéRRset @uiiRtN@i—m thiy Rint,
direction of arrow 602 0053] A command to rotate both the left and rlght

st eer azbllexmr@pigfr mlﬁwemmsam@mts qfoetrtmil dfaﬂqsttlonvhethé mdion|agfemblpéed 104 is
conman oves tn} ]')1Itc ta%td%oﬁl B\fvgourtseb 6(l)rher p s1¥ f tﬂ\'hleo%tls ojf(g ts 2{)4 gltgaelsigctow vehi cl e

to be prope wdée curvi as 1n 06.
point, and with respect to the point, the 1mag1nary axis runmng between the left and right

steerable propulsion wheels 104, 106, and the vertical axis of the pivotable coupling 304 are
within the scope of the invention. Nevertheless, with alignment described above, the seating
depicted in FIG. 4 are all subject to relatively equal experiences during yaw, pitch, and roll

maneuvers.
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[ 0054] A command to rotate the both the left and right steerable propul sion
wheel s 104, 106 forward, where the left wheel 104 is commanded to rotate
faster tmaio2otee1ssizght wheel 106, will cause the vehi cl epCo/useopawel | ed in
a wde curving right turn, as indicated by arrow 608. [0055] The w dt hs of
the turns descri bed above may be determ ned by the difference in speed
between the left and right steerable propulsion wheels 104, 106. For

| t t at th wheel 106 f L, Wi t h
D s e BRE o i ek tga Slh Prvigasie s W ann bR s it B 1, 4
shar p 1hgfHGt. urg, iPhC ORMRAO i ak 9&1@5&@13{ ¥ thbeveRiidn. m%esltee;egﬁfe &Eﬁﬁfoﬂ:

w thout rotating the right wheel 10 |1 cause the vehicle to be propelled
in a gtteeb5G0 lgtﬂnld‘t&nnrﬁlec[t@%e]om\fé)ﬁ@ndgttamgndsuoe@saeaﬂpéy 294 mhentedoat i ng

11 Sl 4308 A e B S LB bR G S0R s

conf i gkl @thefchadsis! BRI tHeanS p&re ERBIMBIYPIODP Uhs infdtovbTRed 1Sved Ot trabOfi B 1be
passive casters 108, 109 is that the vehicle 600 can be nmade to Eerform

zero dOdrwbich drines the whrehd9Si A heansmaissionsiohiscontiewesy e skt 808wt h t he
wheel g, 0f; ériﬁﬁe hFJph Ay §§A%ﬁ{ £hh ﬁ@ﬁ&PB{d?&HAr% S%’ift}gfdco rﬁl%aﬁge ;lq%gvgt their

0 degree Bear |ons pfocessor O rotate
t he vvh"aeb so it tﬁah@(ﬁft &e&‘rﬁﬂﬂbe 0pr Gheipsweaied wieeabk plOgulsid@6/hieel J0PFoshdre
directions at equal speeds. C ockw se and counter cl|ockw se zero degree

t ur ns,inchedes @y P@gw%ﬂewgam?taw Broouptgsh thenesuts ofrthe Bassplatevetr shfgshee
respeglbyg t}{ec&rté@:hhg 'ﬂl(ﬁltl)lr ﬁ‘@) il ﬁQéd &fa §tg@m}é'gﬁﬁb§ §eeﬁ‘55|1§thwg Si!é:BI‘llE }tﬁmog%ea FLpUSE

t he passive caste 8, 109 are free n an I rec
nat ur &hgqgeaadlrpambgday St Vimbilay ¢o thedbipe@tivn ofithe lshew besmpgrl@@ adgd glewvar t o t he

O et 20 OhuRuos e Brant] SLo0, Mhoel s 104 08, (ol L Mmyegphof L he

two strgel abhfi REARUL 2 HEZYREE SnelWih the swivelable wheel 508 of the steerable
propulsion wheel 500. The steering motor 510 is fixed to the base plate 506. The shaft 512 of
the steering motor 510 and the steering pinion gear 514 maintains their location relative to the
base plate 506. When the shaft 512 of the steering motor 510 rotates the steering pinion gear
514, the directional gear 516 rotates relative to the base 506 and thereby forces the transmission
assembly 504, and the wheel 508 coupled thereto, to swivel around a vertical axis. In
accordance with this description, a processor would be able to execute commands to drive the
electrical motor 502 at a given speed. With knowledge of the transmission assembly’s 504
gearing ratio and with knowledge of the diameter of wheel 508, the processor would be able to
calculate the amount of rotation of the wheel 508 in a given amount of time. Accordingly, the
processor could determine how far the steerable propulsion wheel 500 had moved across a
surface. Additionally, given knowledge of the amount of rotation of the shaft 512 of the steering
motor 510 and the diameters of the steering pinion gear 514 and directional gear 516, the

processor could command the swivelable wheel 508 to steer in any direction on the compass.

[0050] FIGs. 6A, 6B, 6C, and 6D illustrate various motions that can be accomplished by a
transport assembly 600 of a vehicle having two steerable propulsion wheels 104, 106 and two
passive casters 108, 109 in accordance with an embodiment of the invention. The illustrations
are top views. Rows of seats 404F, 404B are shown for reference. In the illustrations, the seats

404F, 404B remain pointed at 0 degrees, while the transport assembly 600 rotates underneath

15



106 (and passive casters 108, 109) is that the transport assenbly 600 can
be made to "crab" to the left or right. Typically, the term"crab," is used
in the combert2/x5612ai rcraft navigation. Merriam Webst er' #CHIUSRI10/03T671
defines "crab" as "the angul ar difference between an aircraft's course and
t he headi ng necessary to nmake that course in the presence of a crossw nd."
In the aircraft context, a crosswind is a direction of the w nd that is not

paraIIeI tq the ajrcraft's cour exanpl ifal rip
Pani e nBptaioadhig Gt RS Nel e RGe R PG Telgels B Suthe §
180 degfi&es)thekeRbehAfe Y2@Xis, and a crosswind was bl ow ng in fromthe
right, the aircraft mght assune a heading of 5 degrees in order maintain a

cour se e., adirection of travel) of zero degrees for |anding. [0059]In
the cd %)lt oFIG. 6& lélﬂletg%m thé@@pfpmti dectionp ef m@tlml agiriensd bhyakieanspert a

of e PITEGIL AR Red BRC ol v ORGSRy BRI Y r e

mai nt aif fedvehitld 46 éfar@and IldtHeeﬂlﬁStﬁﬁon eﬂEIG.%ba&hee\steeeaﬂegro@a&&mngmelmL d be
faci ngliol n the direction of arrow 612, parallel to the y-axis, while at the
t

sane ti0fane Hie Whoghispidhe Pasgiye ApLgs 609 6P arqdenicied & keinsaligned Rerallel ta the wgonal
di recgk%w@&hﬁbﬂﬁﬁh Yoo R %?’eesf‘l ko acggébe% %ﬁéﬁﬁé‘nt' Tt es%e?&tﬁéjpﬁguﬁfan”“ ng

t owar egrees, for purpos i ng, angl e bet ween

di r ectwhealstlfds 1Gchee nomdreadiy sediged procE0dRnat shotvar cangeommdartdwachisteeabieon

t hat the ransp ort 600 is noving w |l eater than eqgrees.

In ot REPHIPEERS forfiaies ereew\?ga‘fq%@eglaézgﬂwasglé(afgst%iﬁg 2845 and
the p%ﬁ%ﬂgﬁ’Kxﬁfth%ﬂ@&@&@blfs%%u@sl&ﬁghé‘e@s’s104 hggvehicle "crabs” in a direction
of 45 degrees. Crabbing is not limted to [inear WD

2012/ 155120PCT/ US2012/ 037671 notions. The vehicle may crab, for exanple,
al ong [80324r veWith the [est ar@rngMetperabhemgomﬂSl@lewhedsﬂ% 18p @ﬁeltlemeds%ﬁlord&grees a
[ 0060] To aCBI eve.a crabbin uItll on suc(? th t ,d 6 the

command froni t € PECES Tt IR HlvE I Wheel 'S %}6;&9 aféi%lg[hts eera
processor conmmands eera € propul sion eel s rota

cl ockwirgguldién @helils €04,1100 abfhe 48mél iHeaes a &l atddisddiioh N egus e vadiad SO@to the
sane speed. In this state, although the seats 404F, 404B of the vehicle
face tbé\Da?Rﬂ’Hed&eg’la@e@aﬁiﬁ%CtltOFlé?ﬁé-ﬁ@thassenbl y 600 of the vehicle noves in
the direction of arrow 614, that is, 45 degrees. [0061] Vehicles in

accor wi i Roaihed Q%/fﬁ@% r to the
| ef t gr t he rlgg:h., |thg(§{éb§£hvxglrg r \}g{r%g%ib IYTQ l%lg#gﬁgﬂgggﬁll?%e in
accor darveed, vwltelne thiebeft imireelt 194 0f carhmandedeototate stmmar maalbhatlg]anyheah b0 vbBt ween,

but not equal 0, and 0 de es and bet ween,. bhut not equ 180 and
560 acaredte e s BerBiedy aids so g aear & ipdurdBl af gy 3061 war d and
reverse notion, respectively). Nevertheless, vehicles in accordance with

enbodi[pps¥]s OA ohRftndnaus Réthh<CHdth R 18RIaHd h@htbsee&m@ Piopdlsidn Wil renseer t
assenbly is rotating throu%h a range of angul ar positions that i nci ude 0,

180, derveed velege @édeft Foeeld énw@nmiamdeehe rotaigdassdr thanthg righuwhecd 446 widlr e

mai nt S intin e ansport
B TR R S LR S
|nclud|ng the range of 120 to 200 degrees, the vehicle mould be crabbi ng
despi 6035 haVhagidiasstate tuniiodgbritedbdegmae de dERADBIAEEF bGthetdfelehtsinrspees a

case where the Processor conmands_ t he steerabl e propul sion
between the left and right steerable propulsion wheels 104, 106." For example, command to

rotate only the right wheel 106 forward, without rotating the left wheel 104 will cause the vehicle
to be propelled in a sharp left turn. A command to rotate only the left wheel 104 forward,

without rotating the right wheel 106 will cause the vehicle to be propelled in a sharp right turn.

[0056] Reversing the directions of the rotating wheels will cause the vehicle to be propelled

in respective reverse directions.
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wheel s 104, 106 to swi vel clockwi se to head toward 90 degrees and to

sinmul taneously rotate at the sane speed. In this state, although the seats
404F, 404Boahi1#ise12oehi cl e point toward O degrees, the tPramgser2/0am3enbl y
600 of the vehicle noves in the direction of arrow 616, directly to the
right toward 90 degrees in the direction of arrow 618. Crabbing to the left
(i.e. anmoving in the direction of 270 degrees) can be acconplished by
rever the directioon of rotatio t he whee] s, wh t he
o+ erndban "o T e M SonrightaBh el e HES b Earatirusp Bt b Dneel s
104, 148 phQiReabtetsOWB! HH94{ hA @A RERIAOE ¢ BRI Al B PEFYTH Yerb @bk nhs e

sane speed in the sane direction. [0063] Crabbing notion is not possible
wi t h ahewaokFKEs$By ehicklagumhrazy bragxeketsd withahe theels peide ddft endongpsiesiable

wheel s abbi QsSi b e W vehi.cl e that has
o s PR BRI DER B CiBR I RERE bt B MR SRBed R S0 i 0 "
they domnindsia@tate thSudiee MO 201 ckirtd BRPGIR JASARELR/ QA7 B06Linveppb Giteasirdctbb
using differential steerin such as that described with reference to FIG
BA. V@hmabgpeaéeock()ﬁkwe aecg fougter sk winerer o degers, tugki a;srreerﬁéen&qﬁidwmfw t he
i nven - T wo
ot oo PP R HRRbL AR, REFSHE I R RRVE RN R IR HEFn el She i
r espedIGt 6Bltreashalsspssive aadttse 108, 189 stkeeﬂnedotea;wwng in {a@&ﬁﬂe]cﬁbﬁ theyAnamdllyB ar e

front-1ower and rear-upper isonetric views of a notion assenbly 300, in
accor dafeassiiethsvaneldrpoiicren thafis PrRRendigeat foghe dirergiopef F@?Faé?é)é‘?ﬂj%“yo%oo may
i ncl U%e@lsll@Wef%r(gﬂ&tm%nPénlﬂ)Pth%%hm?e P¥RtRRYHEe coupling 304, an upper
reaction plate nd at | east two |inear act uators 308, 310. In a
preferred enbodi nent, the linear actuators 308, 310 are of the electrical
type. [@838%dr t@xpetbeldﬁenbﬁh@athe eatfigatasios, ofeubhstawostf;pewetgrpleﬂa'nm vwlnyds aldi c

t t hi th t t abl 304
t1 xea 196 i iy SR BRE AR iy VB PR A3 AR Tt L PP end o
t he UpReleftroR dicht. Oy i Ay thd @m tdPateNisQiRBOH tHE Béntekt oF aﬁ&ﬁftﬁiaelglaﬁ(\!ﬁ ng two rows

of seats, to ensure that the poi nt on whi ch the passenger pl atformf)l vot s
i s notMesieanVebgeris distionsy.rdsfines ‘rabdfast the aneeky didlranag betpeen pi giserabils

coupl 'eBQrsggnd %%e?&n&ﬁ?&e%%@?s tﬂatt&%}se ]1_1%31 'S eh?e%f AL SR AGhdes W th

t he geonetric centerco earl ng I hear actuators e308 310

are fiakeaftoneaypldageidiEe a dBrBé.honr (Ef&ﬂ@ﬁ/ﬁﬂd/tﬁhtyls néf pdrdlRil to thppatragntdursthe
coupllngs 330, 332 are in turn fixed to the upper reaction plate 306. The

| i neaBYart gk GrerEod 2 lenging siprag dya NerthiSopthsdizedenbyhes Nogth is atdpdegrees
r eSpefCath g@dt}f 18 ﬁtl 85 Q@%\%eé)%mr tfd! st Tﬂﬁ f%gyéﬁ%e%?m%bdl%m?fg% }?é?ﬁg%ﬁl tﬁe' n

turn fixed to t reaCtio ate3 coupl i may be
reali aadraﬁtsmghtr&mhme aheadigg nﬁﬁﬂsgr@éiﬁn 0882 npemtainta donesel(i.aeadiraditonatfors to

i ncline e range of angles as the | ower and upper reaction plates
302, é@éeﬁrﬁgéer?gla%???ﬁ/fg’ r{a9d@8e "anot her in pitch and rol |. [0065] The motion

assenbly 300 nechanically transmts pitch and roll novenents (about the

pi vot qpd39] CouRl th@GomB&)of i prB&nt &YticRfiors @Rl S O&ab't 4REL d1Pa HifRrRRBREMAL!
platform 402 via the upper reaction | ate 306. The extension and retraction

of theéddysp@herely thedemn sraBdgbesgdercrieddhly way plothe hellawiog bermples. elnrfile §Ct he
i SO TR b4 BARERLERERS, Rind A HARELAGRSILOR, Al ALzl €1 At 1 ve

to the ower reaction € nmaxi num iTed flrom each

| i nearpaaehgatvrulBBS8faciikln (Headiree¥bie 65 aresw 8N2l }fa&ﬂlréatbtthé)p)axﬁaﬁlhbe acak cathat ed
gi ven information incl udi n(? the geonetry of the placenent of rows of
seat i iigne hr Havpertasyln60) phibgvehistejaovinain prlizgespletitection phdopinbst abl e

coupl i,ng w34, ﬁl%ugh arrow 614 is depicted as pointing toward 45 degrees, for purposes of
crabbing, the angle between the direction that the rows of seats 604f, 604B are facing and the
direction that the transport assembly 600 is moving will be greater than O degrees. In other
words, as shown in FIG. 6C, while the rows of seats 604F, 604B and the passengers thereon face

0 degrees, the vehicle “crabs” in a direction of 45 degrees. Crabbing is not limited to linear
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WD 2012/ 155120PCT/ US2012/ 037671 know edge of the | oading expected on the
upper reaction plate 306. Such calculations are known to those of skill in
the art. wo2idi55t2¢ under st ood that as the nounting poi RCS/UsRo2lea76li near
actuators 308, 310 nove away fromthe pivotable coupling 304, the force
required fromeach linear actuator decreases as the |length of the nonment
arm bet ween t he nDunting poi nt and the pivotable coupling 304 increases.
However, thl% tionin force is |limted by the stroke of the |inear
act uatBttiongs WeV? %Il}aﬁ’ﬁgbé%r&xa@l’ MORS picHST Cl&%‘? PALUTLSgiPT ERTEH P Snd
retraghamdi@Qpshin a preferred enbodi ment the pivotable coupling 304 may be
a dual shaft coupling that is capable of transmtting torque from one shaft
to anot her, even when the dual shafts are not collinear. The pivotable

coupl |[%ﬁ0304 Te aﬂw@r%cr@l@i:rlq&@mp@ﬁmhw thatelepisteritin FE0 Hfottheprocessen i f t he
shaft So&n?anagglle% R gh@lo .w‘ﬁ%%zt%tl'oﬁ fRUB! LR ?cg‘km? ﬁr ecfu%'é@?
non- conpressi bl'e, or S%B ?an ial Ty ‘non-conpressi 1 ef e coupling

304 prdefreeaddrosuppantsudnitmeagiht sahe spedBX MK Pa8.Sethgesh ﬂh@adats poars the
wei ght of aII har dwar e conponents that are sup orted(gy t he upper reaction

pl at e 4968 of thregdickoliss Hard Oidsgtegd dhe %%P?%@SSCWPEVC(QOI ROVRNIEe BV cs
'nC'UQhQQKQEUgngEQw%FQHLhQQ43%%%&% safety equi pnment and el ectronic

moni t ori ng and control ‘equi pnent nd any decorative structure designed to
hi de el ectronechani cal aspects of the vehicle and give the vehicle an

appearl@éftdd thﬁﬂﬁbbsapgmophhareﬁhombDﬁawnh&ﬁﬂxdmvthnamugaﬁgnﬁﬁnbdswtbn a

f d |1 trated i Gs d 8, th
P oot T B0 B el e T o gt B o etifhst Al iAo fnearan | ime or
uni veresod G d)ﬂﬁé invERRGBdaHeatdt ah?ﬁnglb betrBh Sut AU Guatio304nd esHlidepsksi N a

significant power savings for the vehicle in conmparison to a vehicle that
coul d apd betwgenttive ngfaﬁmalﬁpt E3) ando}60,degreds (thavamades @risanonl 84 dater @rgyrespeedat ed

sel f - npvabl e ass enbl I.n_the kno rovide three or
Four Qoo Rea RS Rkt fon. R cbrer e YRR FF IR BRI gt

provi @ﬁltiohﬁn@psso@frtheﬂﬁzeﬁu@f caiteGhid tb (ble lerab®ii@ ihge\tensgdrt GkeiBly ib@tdtingened t o
tilting forward or backward (as experienced in a clinbing or d|V|ng

ai r cr doygh renge phgngydar|porisinatthabinelude On k3G pgRQO drergest For gyple. faliche
li k
i enquvg OF stelag Mpe{;ﬂél-%]\?gre%al%ﬁgg Fl)l%l %E%s?g?lgp?lg{lrég%qﬁ@% eg %leaﬂhg 95 ort

vertical axis. I'n a on tot e experience
four degnddy 600 fodlwere atcurvedkatwatdedliB “fiogtitto absw aganoare delidiey empmrgee]ﬁ ce of

yaw. I|k ned to th nt of .a . record on a turnt
2012/ ﬂ@@'ﬂg&% e@?lgﬂmﬁ@gogqab ng despifedbavéspastish thiqus 1§ d%ng"?sde
vehi cle, the experlences of pitch, roll, and heave are typically achieved

by s URpOS¥2 ' ngFId‘ SR PAL { task wheﬁé’tﬁe Bﬁ)%é@s@ﬂé‘drﬁmaﬁ&ech@?t%&ﬁﬂlg%%;ﬁ@é@br{' and
its contents) in a neutral position using three or four electrical or

pneunattieels| i0AcHIO tacwvinel glosk\md taheyigowanddi0 degrass ahd st aibiltineendy rédeave i s

o "oty bt Bl aREeRA PTG ARO G D8R aER] Pk BT 26t ng

the | ld@%@és Qlﬁ‘éthizﬁis Pé18 adbmbhies(BadTRhd Vdfecl@Rfbvas 1ntth€d§@difiénro@bﬁow-@l6 &ixqegyi ences
of pitch and/or roII are typically achieved extendlng or retractlng one

or nore thsfright powaré 88 degreesiatts diregtion 9b agayd 1& freabling tatthellefti(be-ennoyigges, or
di f. | |
in di ﬂﬁ{eed}}ec§+ﬁ &“é#oo rere§ c%%‘h\é%céo%ﬁ[éﬁ Qg}é%gfsmgﬁﬁe 8ﬂ§ct1g)fntog &%%Q@{ r RK!

inthe art recog ner consumne y suppo
t he payteeBdwhite mtamtanemg ttiad onpmsdtion@n 90 Hegread, oney tdnxtugtthaﬂgeérbele payputsash i n t he
pitch, roll, and/or heave directions, can be significant. The inventors

requi rdtels WAy Gogohead oavash 1 Jesens nehin riprtaproyslyiraiafe At s e PEFBIn
i nventQr s WelifcA§si gning a battery operated vehicle.

[0063] Crabbing motion is not possible with a trackless vehicle that has less than two
steerable propulsion wheels. Crabbing motion is not possible with a trackless vehicle that has

two steerable propulsion wheels that do not rotate about the z-axis (i.e., they do not steer). Such
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[ 0070] The i nventors recogni zed that when the payl oad was nechanical ly
supported at a fixed height on a centralized pivotable point, the pivotable
poi nt waswoabirveguored to nove along its vertical axis, pamaSembp3tenn | i near
actuators were used (as shown in the enbodi nents described herein), the
energy required for the experiences of pitch and roll were significantly

| essened in conparison to the typical configurations of ride vehicles as

descri bed. above. i nventors sur onfigu ion of the
rbodAERLS (B s bR peth s dar Bt st ot B Tsirorce SHERMER "« he
amuntygehRfiesRed gythP R dniuSehdh iBE WIASSERUBEWR kAthk QAvBnHRYRA fh Rlcrdownwar d
about the central pivot point; the central pivot point essentially was
supporefavge n@knowm V@m@le@agak@aw of apsiagftiwo S[ROIPI] Pikpulsiouevicolssnd apessatigad t hat
an enj bl pEnsiQ use at a typical
s e PP et 66 RAITRS<rLioghe SuatSow i e SEEAER b arvent s "whi ch

of fered the exper| ences of pitch, roll, and yaw, was achievable in a

bat t efgoeaper aresl 7eonid wa@tﬂ@mlomﬂdéaﬂgipper ibdiRetrio WSS rAciireaeemBly r eal

wor |l d benefit of significant ener?gy savi ngs use of a ride vehicle haV| ng
a conPPYuPAEFUAILE tha%n qrpbadifaeny 1ﬁ§‘?’ﬁ“§nof £ ROtORRETT N QLY iinsdufe

oS Higk SRTRATAERL YNGR RN B e e P,
whi ch lipeavicdasors BeS, 300V & dp&xﬁerrdd@dnl:m@lnher&l thz dadeqnavmﬂa@bd B0 Bilthre ginlef er abI y

prevents all| or st late noti on of 2012/ 155120PCT/ US2012/ 037671 t he
upper ﬁeéa'aal RepPLes tyhss o & I actHatorss sran; & SCieWd YP e i dRy! Lﬂfaypet He ylt?

requi rtﬁ'é@@k)e bf thORBWREE TR ﬁl%ﬁaﬁﬁ%oﬁﬁlﬁag‘)}()ﬂ% %Qé@atcé)l'é%f&&it%%e Wvidh a spring
with no lateral support. hough the spring can be constructed to support

t he weeaghon plasc il ad 2t he up}pﬁp@nd tethe tupper 1pacaioe pBAG 30G. him mmbmglmw@ﬁ abent,

could t th upper 06 .to at er n_acce tabl e
o1 vot aBEByE g RS bSAR el dhg saRn upp i S ABpER SR,
fibergd ﬁ@tsecmct witR thea@ditivalog ﬂIeSsle(vaﬁ&Mﬁi'g,r‘&etpﬂ%ﬁ)l@l:d@hﬂﬁ@[wﬁla‘y%ponent S
could withstand the dynam c forces exerted on themb novi ng pagz(gafll)

a

woul d pegiganedesuch ghaf ge verticalgxesreiincides yyith thp georaeivic é@@er Hdboslawrhghyng
d |
an S%‘é%earsﬁ%[da% b8 b RlLEn T ;dﬁ@%‘{)?plﬁ{ FBB?@@E &sééc§€§gvﬁglze§f$bﬂpa§e%&éf

equi va |riat|on W 1z
consi deleedulﬁling@Ba@olecawpi turtgfixddnattheligpenidabiioh plbe 3960 Tae tihedrhictiatonyent i on.
[0073] FI G is a right-side partial-cross-section elevation view of the

vehi cl 884%)1(9 Fralizecrdantessapbhcsal tettfodrspesitvebs atthelr lewspdonhodeviescri bed
above, I G, of four
seats acsa%c 11\5??343 3§\§v§%o Izrélatl ng t E%ﬂ%&riﬁ%%wg hﬁl? ?giedf{?%é%l%%ggs?éﬁpégz

pl at f onay EQ2alizEHas gaﬁlsaém gkre gﬂnb’alfs GBM ma)elrmltfthe(hmtar a:ct'u:ttersutp preding e tviden

pl ate 306. A |vot Il]1e cou&l [ nﬁfgr 304, fia (?qt |ts er end to the upper
react iigHEHLAR e%h%t VSN PRPYT SFISOB RIS U he @%?r EL9 BFF HIoME 102,
Each oficcRam@idil. of |inear actuators are coupled at their respective upper
ends to the upper reaction plate 306 and at their respective |ower ends to
the lower reaction plate 302. In the illustration of FIG 8, on one
| i neal0@a uat Ghe 131@801( a&ﬁembbfoﬁ()@nmqhemlc@lbt trmsa@tsqvﬂtcltl hed fﬁi]tm@Yﬁ%%é‘bDV) is

shown. ‘the pf)) (r)tag\f@: c%u %néﬁ)4§8(§81| %ggg 8f seats 4%2%&%(8;0 the tpagse qr é)haltIF iy ﬁ)lf Fl G

8, two passive ca are pro pul’Si'on heel

104 i sippatrtadiohyplf006). TH&]@ctérﬁmranﬂea@tdtloﬂ opthRtimedOx tiasors BE&B 10eelbtie: B ew
bearing upper-half 122. The sl ew beari nﬂ | ower - hal f, or slew bearing base
123 | $nf peherdstermines fhesynaunt 0b pitghpndagl exparienped y thatppe reagienPitar y j oi nt

132 i stration of FIG 8. [0074]In the enbodi nents
di scl geslgmetttoﬁge fr(%&v%/smré() ﬁ%ﬁe ltagé 404F, 404B, which are fixed to the

[0066] The maximum force required from each linear actuator 308, 310 (for extension and
retraction) can be calculated given information including the geometry of the placement of rows

of seating, placement of the linear actuators with respect to the pivotable coupling 304, and
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upper reaction plate 306 of the notion assenbly 300 via the passenger

pl atform 402, can be noved in pitch and roll. Because the notion assenbly
300 is fiweaomtspi2bhe sl ew beari ng upper-half 122, the moTiuseoa®3®nbly 300
can be rotated. The result of these novenents all ows passengers sitting in
the rows of seats 404F, 404B to experience pitch, roll, and yaw WO
2012/ 155120PCT/ US2012/ 037671 [0075] An al ternate enbodi nent, in which the

ositions. of t tion assenbly 300 and the sl ar. i n 20 are reversed,
PO i PR Ies O e oAt SRec R OB e e TeRCt A RiRe a1 o ¢ dRhe S

scope thok6f Y §Nhk AR tIowl]B‘eﬁd@l‘érs'td@&%atra‘é‘@ﬁ‘etm@ﬁhtﬁﬂg%%té’@?th@flmézﬁe not i on
assenbly 300 directly to the chassis 102, and fix the slew bearing 120 to

t he u@p@ator%&& BohmovanwagOem the peiotdhbés caamptiogl Perbribe fwmep@tqddmgnmh d
experlence verth t he i nvent ors t hat the
cont i S aachH Eoégb?rﬁ%seéf‘% @‘Fﬂa‘@‘ n‘lé\‘b Ot TRHAY a‘“ﬁ@?t 5ELge Iﬂ%u%lnﬁfp"%lu |a{1 st

posi t ?W'Utzﬂﬂe tOR1ing 8B4 aicr&eat HARAr, tHd4&iucion i Recedl MRAGH BPdthe SRREOF the
Accordingly, in preferred enbodi ments such as those of FIGs. 1-8, the slew
bear i Aigearagtyators iisoef@ll fpthesacedg sdiich lpar agienters sappxterhakiSEAL| v 300 i s
fixed atop the sl ew bearing 120. [0076]FIG 9 is a block diagramof a

vehi cl i t o]

The vafIEHe S0 PEHEToBRRR RN Lot B RT3 s Bl o bR o

st or edhdtis @apalaof waﬂ@ﬂttln'ghercme firanoise siaft thencthar exknovhenrthe dua shafts are not

non-trapsitor te | e medi um of the. nenor e vehicle

i ncl ugadingar éryhm%%ﬂ? S?PH 35% Hepsteig Aordha fromepe e%ﬂi%ﬁﬁ teapgt];w FETEE &Sy with
ot her sﬁ%ﬂ%@h&@éﬂgﬂ@d | i ]%_fvéﬁﬁﬁ c%h?‘lu%"ﬁﬂ% pf@éﬁbl@v%ﬁ%ﬁlp%%@b% of Nfrared 908
devices or equivalents. The vehic conmuni cation interface 904 may

oper atseb wadiely one-compressiblec dimnpini otz ¢ ocruppngﬁ% ofeferatiiysupmhischewsigbdt ¢fsa

uni que addressabl interfac 04. Accordi ly, a
o SRR uER e e, Sk MR SRR O PaFpb 5 S it rael B e 4o
i S NOtuphérTei@dn tpPat€ 0BTENEHSB Godbbnets 1h&lﬁdé)|séﬁtﬁl|g| f¥sceflané6iN db&fonst h t he same
corrmand at the sanme tinme. The unique addressability of one vehicle 900 in

t he plindleding yount apd tightivgdgyegosi sabety eqwpmanidngd glastronis syadtosing aak eenitodd by

only tHﬁ yﬁ%ﬁt %5@} gec%?z%\/e m&ctHJ%'cﬂ%’ ng&jgrhﬁgesagétlror(}le%f:h%lczﬁaagékc}/se gl € in the

pl ur al’ us permts dnicas € 1ssuances of

conmmandhiclefndtgivesthe aeldioleninngpdmpyhcb ehat $§¢1@@bﬁrmw)ﬂ@e theahérat of B@Amuserseset of
the plurality of vehicles, or the entire plurality_ of vehlcles 0077] The

vehi cirdlegda prrésrirfeambodinentednd B 1BUEHIRd BEIED 3 7Aal Betnd Srifiajuetable syst em
0TV PO o SO S ISR 12, 0 10

of con t “or contactless couplings kno in the art.
The vehicle includes notor driver system 914. The notor driver system 914
dri ved0@48d vaUsooithapivotableofoupheg $ehiesileddn@.signiidant pavarseviges fre thwot or s ar e

the | ef nd r| ht steer .I ro eels 104 each steerable

or opulSHis T RERas5% 15 S0 KRG PUPHAE Tror B & e ol SRR aNENdP A ng
(pr 0pll')laﬁé@%beraté@l%eﬁlrﬁWalB%adslséiﬁ!bIE' ™ $R kABHA rartsﬁae ((clﬂlccl;es Bhy pRdtetthRempt Or s of
the left and right |linear actuators 308, 310. The

2012/ Tom1dzgrRET p1USRRARE3 Psthtee degree of movement rlde Vehlcle might provide the

experiences of pitch, roll, and heave. Pitch may be likened to tilting forward or backward (as
experienced in a climbing or diving aircraft). Roll may be likened to tilting right or left. Heave
may be likened to the experience of being lifted up or dropped down along a vertical axis. In
addition to the pitch, roll, and heave experiences, a four degree of movement ride vehicle might
also provide the experience of yaw. Yaw can be likened to the movement of a record on a

turntable.
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vehicle may al so include a safety system 916, which includes various safety
conponents (such as door open/close detectors and the like). The vehicle

al so i nclwoes12as5ki2ght i ng and sound system 918 i ncl udi ngPeanisemg/0816ght i ng
and sound conponents. [0078] The vehicle may al so i nclude a navi gation
system 920 havi ng one or nore navigation sensors 922. In a preferred

enbodi nent, the vehicle uses a free range on grid navigation system

Mul ti es of sensors 922 he used i ndividually or.in_.conhi nation,
MR P Rt s o e o R o S TR A
det ectypr t%piclﬂfaé]ﬁé/\ie@l%tyi sﬁﬁp&gg%ﬁf@p%f%aﬂf?%.,Ctﬁélbés‘ééng%&g tHEY Ak el eﬂdﬁﬁingﬁﬁd ?n and

direction of the vehicle s 900 steérable propul sion wheel s 104, 106. In
t hi s wayontehts) inehicsitrel RB0iwarsingghreade fow emctiekbel pricomgtioHacapfactaatolsandla t y

of courses, e be predeterm.ned,, W thout .a need.of tracks qr
oreadedeor bFD RS BEEHT EHMHERRe iR p BSER Pogt BRETRdoci rrene
a CONMpaLikise M Gf upwarEsH dofwellakPeiaédtidns YIBhs te veRiALitiaby koeadin®Br reMat@iy m ght
be determ ned for exanple based on nmeasurenments nade %y det erm nati ons of
di st afleelinaf agriatarsiabths spmR dindanevir theoeaeiraiss Thalekpsaisnedseof pagh ged/poipllsy st em

to perfo g . i I el I i i error
nas: oo P beticylB L i TaR s Rl fiond GBS AL rchl p IR B @ TH o o
Wi t hi nintdwndst diféeraft ritbe or véiffereandiréadion exddatple@o ogd Mmenhe U Afsione efbrddiae¢i Si on
of its steering and propul sion systens, the vehicle 900 m ght not require
real tKiVendRRMERORIHFES45gthe ARET SFRFTSY cOpswngddP A ehysipport the PoElRptine

m ght (s uﬁgb?(frkﬁ[wﬂ, o af&ﬁxiﬂgﬁédn Qhé%%{l@a[@ dincﬂrle e Hlffgn Sr ﬁeaQ@ﬁ1rQ& . Oltan

system [008 e present | nventio ends itself to the establishnent of a
syst erec@midasi. ntheanpdmioralr¢quyred fa venyi tqueduge ankipe ssedmpehn clspecithec@®Bb0, 960,

970 (where 950, 96Q, .970 are simlar to 900). Each of the plurality of
vehic%@%m§ﬁ393§§6?8@%@?“@7éaWﬁ¥oB@awﬂdF@¥ ual ly controlled by at |east one
on- board processor (simlar to 901), where each of the plurality of

oNn- bogperoPr OCERSRNENtbS rbdbMiZe@ HRs She R M¥LRy LAl ival nchimiadlly @ppértdng ar i de
systemcontrolled 924, which is renote fromthe vehicles and utilizes its

own priBedssigh( @) a oavralizsepivpigbleppint.che pivietadlsl padnt \emmotesauired Ht @pye along

si tuatjongl.,Ands NOgLL %%'nn%%{\ﬁarcﬁﬁ?o% wife 418 ézpsl HERh i %he%f Q{)ﬁﬁhg t€des 8{}&1
exerci se energericy control 6 one, all,” or any subse of "1 he P Urali y of
vehi clhei®0he e8&Qy r&filked 9i0hdy¥x peiricat8 98 pircirmadiotiaidroBignifldbhtly lessened in

2012/ 155120PCT/ US2012/ 037671 EOOSl In a ride environnent, where a plurality
of velfPEPaEsYJo thegzpicalgpnlizeragony f rideaipliclss iy detreibathdhV6n fBAdnventors

si mul tsﬁfh%@é&fﬂthi gﬂé‘cdﬂffgﬁﬁt'@ﬁ %F i émﬂga}&ﬁélﬁ@aﬁcﬂﬂe& ciR 3RS AROE acRhl{ 9&1?‘5 of
each uni quely aa resse Véth e may be synchronized to the position of the
vehi clcenainedght hmoyprte pf agrgmreded mﬂ;ethbpasi;iesgearp@efoamdipward omwnieed vehi cl e,

system_ and net hod of operation of the. vehicle and systemfind ility in
The. artaBihe PP B! eERE REhsEEry Pt P Ene RN S PBORBE M Ht G ¢ hor et o.
The deagloh@tivRiHer ovi ded herein utilizes the anusenent park ride industry
for exenplary purposes only, to describe enbodi nents of the invention;

however, the invention is not limted to the amusenent park ride industry
and cd®0Hilnd Tke investorseonelpderifrbiean anjoyableghree dinetsianadde vehicle for daily use

at a typical amusement facility having large patron throughput requirements, which offered the
experiences of pitch, roll, and yaw, was achievable in a battery operated configuration.
Accordingly, the inventors achieved a real world benefit of significant energy savings by use of a
ride vehicle having a configuration similar to the embodiments of the invention described herein,

in comparison to typically configured ride vehicles.

[0072] According to the preferred embodiments, the pivotable coupling 304, which provides

the above-described centralized pivotable point, preferably prevents all or most lateral motion of
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[0082] I n accordance with a nethod of the invention, a vehicle 900 will cone
to a stop according to a command fromthe vehicle's own processor 901 if a
condi t i orweuete/Asiza system failure or safety viol ati on ®@CtaIsgoian3tehe
vehicle 900. If this condition exists, the vehicle can notify a ride system
controller 924 of its situation via the communication interface 904 and

W reless transm ssion via antenna 906 or infrared device 908. The ride
system control |l er 924 n determne.if other v es shoul d be sto ped to
oy or o RORTREE o BAic APRmoTE Cos Aty Er o R g WERERT que

addr esgfisceahe F@%&bl@%‘uﬁhﬁg 30RY itk QRPRAE with Sonaka] Vighos! alfedel MeShARe cdd
only the single vehicle was in danger of collision. Alterna%lve ly, the ride

syst erfbeconttrugiedde supportrthe Wh@hypiaqweoratltd rueB@ersaqmbn @tath 3 thecipeing meterc onmrand

a sub et of .the v that set vehi cl es
has T rotia Rl PEE Rl e gRaien it GLTEe HiiiaY Moo SBnedi BShefls  or

usi ng c'bﬁqﬁl rgNiseHben BAIHRISS Eicet Mprift Cftt:xwﬁbhqiber ome@m a8t équiraled es 950,
960, 970 to stop. Any vehicle 9 0 950, 960 970, upon recel pt of a command

Uni qUERSFUREE BeSEHCR@tive COrBRATCRIS ﬁeutdm@swﬁtth%thr@an% foges ereueRITHeMIMesent
i nve ”ttheol'ﬁobﬁg ﬁgﬁ%g eﬂs&ﬁ& t&@ %?Oﬁ’s% %t&%{)ﬂ%:lﬂ{mg aswi%{)r e’]@crc‘é‘rd%@g,?%aﬁtgand

enbodi ment's erna

aspectssciat, sptieg, frea i@ tubbay enflexiblelfibeeglie ahafdes equibadnts Aneombimtidh pathy ski | |
in the art should not interpret the various asPects or enbodi ments as

i i tilHE HARHYINREYY IChu ARy SeERBHEY PivorPEAIY NSt RYAre MBI (e fPC 8t e

Wi t hi thg%egﬁ%pe of the present invention. The scope the present invention

will instead be determ ned by the appended cl ainms. WO

2012/ 155120PCT/ US2012/ 037671 CLAIMS What is clainmed is: 1. A notion

assentiP873d onf Fi§ur8ad atrighpsiddg@t@iabi:m@shse@tidn tlomtiqmtifc\méthewhigtd H0ng: a | ower

reaction plate u | at e space part

Feact Fopite Sietih HEGmE 3 LB Bl RBRRE ARG tspEb B

| ower cshpfitedeottt®DPaltOlcPMmys J0UPMARIBCEITLEF seafs chdie me/@mwf@eatﬁghbupm(ﬂﬂd
term nating at respective upper and | ower shaft ends, the upper shaft end

coupl @& tixedtha mm@égerrt%tiq %l%@a@ﬁqagqrwéatf%métO%héwd ©erftic eRRgpIegtion t he

I
tom SR58 1R PS: ¢ Bpg 204, is Bhed AR uphlend B TR ASE HAMRFRRRO0RTEPE,
upper aefdbwied ehdne) thp Peverreativh @utPBGH. EERNDS atpaii @5 ﬁﬁéﬁrla\z’tﬁaﬂoﬁﬁl\i&é ceutpled ito t he

| ower reaction plate, and configured to extend and retract to pivot the
upper tRAREEPESHVHPRRE cad0atthy F@ebf%tl%tblPléte&Qé&Pfi Aythed rweﬁw&éowt GRS &hd rol |

ot i on%e Blvel RGcHRPHLC"PBCH B ifh@afof 6F R, oAl dnB Finb AVRIuald?365 (18BatRd At €

on the left side of the motion assembly) is shown. Four wheels are coupled to the chassis. In the
illustration of FIG. 8, two passive casters 108, 109 are shown. One steerable propulsion wheel
104 1s partially shown. The lower reaction plate 302 is fixed to the slew bearing upper-half 122.
The slew bearing lower-half, or slew bearing base 123 is fixed to the chassis 102. For ease of

illustration, the rotary joint 132 is omitted from the illustration of FIG. 8.

[0074] In the embodiments disclosed, the rows of seats 404F, 404B, which are fixed to the
upper reaction plate 306 of the motion assembly 300 via the passenger platform 402, can be
moved in pitch and roll. Because the motion assembly 300 is fixed atop the slew bearing upper-
half 122, the motion assembly 300 can be rotated. The result of these movements allows

passengers sitting in the rows of seats 404F, 404B to experience pitch, roll, and yaw.
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2. The notion assenbly of claim1l1l, wherein the pivotable coupling is a
U-joint. 3. The notion assenbly of claim1l, wherein the pivotable coupling
is a fixewol2ergtsh20 4. The notion assenbly of claim 1, PoTiUses1208T6pri sing a
rechargeabl e battery configured as a sole source of operating energy of the
at least two linear actuators. 5. A vehicle, conprising: a chassis; a
first steerabl e propul sion wheel coupled to the chassis and configured to

r ot at irs eel to.a first. c nded directjon and rotate the fjrst
wheol 10751’ T podliEEhimebduitaa e e pas battiheMelPasr e BRoHSHoh wheel
coupl gghvf Bealifl® 190@RSk Ferdd iCOMih It REpd 6f thehRkRtich. SREARY whael it Qidisecond
commanded diréection and rotate the second wheel at a second commanded
speed;theasdopewef the éansntiom topfiathe lewerpkadionplath 602 hhds imption\agyembly 300 directly

2012/ 5@}2 PCT/hE?Ol 037671 an up reaction plate d, apart fromthe
| ower ]f? i€ Ghassis i ai‘%‘,g flx ?he sYew geanngrﬁb & &8 Upper reaction plz?tg 366 OPHAET
embodiment, the patrons would experience pitch, roll, and yaw. Nevertheless, the inventors
found that the configuration of the alternate embodiment increases the difficulty of positioning
the rows of seats 404F, 404B in three-dimensional space. Accordingly, in preferred

embodiments such as those of FIGs. 1-8, the slew bearing 120 is fixed to the chassis 102 and the

motion assembly 300 is fixed atop the slew bearing 120.

[0076] FIG. 9 is a block diagram of a vehicle 900 and system in accordance with an
embodiment of the invention. The vehicle 900 includes a controller or processor 900 to execute
commands stored in a memory 902. The commands may be stored on or in a non-transitory
computer readable medium of the memory 902. The vehicle includes a communication interface
904 that may communicate wirelessly with other communication interfaces via one or more
antenna 906 or infrared 908 devices or equivalents. The vehicle’s 900 communication interface
904 may operate under one or more communication protocols. The vehicle 900 is uniquely
addressable via the communication interface 904. Accordingly, a ride system controller 924,
monitoring a plurality of vehicles in a ride, is not limited to commanding all of the plurality of
vehicles with the same command at the same time. The unique addressability of one vehicle 900
in the plurality of vehicles permits a command to be issued and executed by only the one vehicle
900. The unique addressability of each vehicle in the plurality of vehicles thus permits unicast
and multicast type issuances of commands. That is, a command may be issued to one vehicle

900, a subset of the plurality of vehicles, or the entire plurality of vehicles,

[0077] The vehicle 900 includes a battery 910 coupled to a battery management system 912.
The battery system 114 may couple to a charging system 909 via the use of contact or contactless
couplings 922 known to those of skill in the art. The vehicle includes motor driver system 914.
The motor driver system 914 drives the various motors of the vehicle 900. Included among the
motors are the left and right steerable propulsion wheels 104, 106; each steerable propulsion
wheel 104, 106 having separate motors for steering and driving (propulsion); the slew bearing

pinion motor 827 (FIG. §8), and the motors of the left and right linear actuators 308, 310. The
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a pivotable coupling having an upper shaft and a | ower shaft extending away
froma center of the pivotable coupling and term nating at respective upper
and | owerwehaft1sernds, the upper shaft end fixed to the eppars2eieasteron pl ate
and the |l ower shaft end fixed to the |lower reaction plate; and at

| east two |linear actuators spaced apart from each other and fromthe

pi vot abl e coupl i ng and coupl ed at respective upper ends to the upper

reacti on. pl ate and res ectlve s tothe |lo reaction plate,
L e omeB Pt R hebe g BRG et A ShTReES frouh S B RBE T Ghet

about dbbﬁoﬁé!n)"dl’&s%%t%cf%?élﬂld tﬁghkéb AmRddER1RIIiCiRcRAL Jﬂéﬂtln@hﬂg%&f stfeﬁﬁ upper
reaction plate relative to the |ower reaction plate 6. The vehlcle of

cl ai m938 inghedieg varidve lightveg aitsl wundapmpengniss a U-joint. 7. The vehicle of

claimb5, further conprising: a slew bearing fixed to the chassis and
havi I t t O. :
e SO0 " SHEAS A0 RS e URAPEL RN S3R360 Dok 8 SPABH Bivisaien,

fi xed stsoid¥R2c HAaSPir&erred embodimsh€ eb@alcla@eph Micd marfgkm(gnﬁmabfgatlsrh@fste,mt he
pi ni on engagi ng the sl ew bearing gear and confi gur ed to rotate at a
comma I DI tRGS O s OBt 2dN ek ‘FSS mdmduaﬂwmén EPMbINAEON. St Ay BaEIetien pl at e

IS couyp e@ﬁl)ﬁst %gfn&?d%ﬂ%@t%?s‘ §nd/f‘aalotfli]&1}ﬁ§er A &”?h?ﬁasﬁ%&‘doﬂ% L& doPWefy T eaction

plate t earl ng, oner Feactrfon pl ate Yot at es
with tchetrcsllamd/nbﬂmnorﬂ@ramti:bnpanddimeetsorao@thmemdzlee@OOfsteEMIamppmlsmea\dteelsn pl ate

wthr ect totheca55| hicle of c¢claimb, erein the
vehi cll03 0 Woe A fhigtagd ‘FéSFhlE)]Fc?BSIC%l? qua € I PSasHiARy e seios W@yahty of

si mul t.3pgeu %JhYchsr%;F bé‘ﬁreﬁ&@rrﬁﬂné& tyiBRITRALRIL fdRES QbARsh fiies fgcond
commanded direction equal to an identical comanded direction, 0, where O

i s oneapifzal@x cornﬁm&aanm ot owe) [n3BO embadinginmal coarmpadss] of asmdlmg Todagof i r st
Commrlfg:%gls A S e[ualefgca ion tv(ahltc 13113[%0 rEicfj:terml greeq(am%?eet()jdsed on measurements made

by determinations of distances from various fixed known locations, allows the navigation system

to perform real-time course monitoring, to determine if a navigation error has occurred during a

show.

[0079] Other types of navigation systems 900 are within the scope of the invention. For
example, given sufficient precision of its steering and propulsion systems, the vehicle 900 might
not require real time course monitoring. Additionally or alternatively, the vehicle might use an

inertial navigation system, or the like as a navigation system.

[0080] The present invention lends itself to the establishment of a system comprising a
plurality of uniquely addressed vehicles 900, 950, 960, 970 (where 950, 960, 970 are similar to
900). Each of the plurality of vehicles 900, 950, 960, 970 may be individually controlled by at
least one on-board processor (similar to 901), where each of the plurality of on-board processors
is in wireless communication with at least one ride system controlled 924, which is remote from
the vehicles and utilizes its own processor(s) 926. The ride system controller 924 may maintain
situational and positional awareness of the plurality of vehicles, and exercise emergency control
of one, all, or any subset of the plurality of vehicles 900, 950, 960, 970 by wireless

communication.

24



WD 2012/ 155120PCT/ US2012/ 037671 9. The vehicle of claimb5, further
conprising a rechargeable battery configured as a sole source of operating
ener gy ofwoheiveshizel e. 10. The vehicle of claim7, furPrhEUuseanpsicdi ng a
rechargeabl e battery configured as a sole source of operating energy of the
vehicle. 11. The vehicle of claim7, wherein, if the pivotable coupling is
oriented vertically, the central axis of the pivotable coupling passes

t hrou poi pt at a geonetric center .of the.sl bearing. . 12. The .vehicle
of ol 3004 B s SudRBreat hek TitkenBee EBiTm0a b RO VOAFL S SRHRE o
cont r ghd &fviroBeh&liRuithiRo6QPLAObHAT arddSrofl A VelhRDF 1R BXRGYE 1K GRINTHRRECh
recei ved through the wireless comuni cation interface if the conmand is

addr esseniclynddrassdoebiciainine be syfchrdnézed ddihel positiondf thehwehicdhilengthef cl ai m 5,

and apiaerong PubeS R ERaRho B Th”rt EE. A8k FRE ST AP g B

vehi cltge @hidié andRykém RAE LIty ih thet dheusPinétt prbt Bd€ MRkt But the iveanbeH not
vertically, the central axis of the pivotable coupling passes through a

poi nt liiteg thersive ihicdegwintion pefvidadeesdinyitibess thargmussmeat pask side diflustae for

passe t. 1 ' : . | east
L R S TR e e R R R R T

oper atoohalitty tccthe phnaeerhent phk ridenihdwitilyeind can find utility in any number of other

industries.

[0082] In accordance with a method of the invention, a vehicle 900 will come to a stop
according to a command from the vehicle’s own processor 901 if a condition such as a system
failure or safety violation occurs on the vehicle 900. If this condition exists, the vehicle can
notify a ride system controller 924 of its situation via the communication interface 904 and
wireless transmission via antenna 906 or infrared device 908. The ride system controller 924 can
determine if other vehicles should be stopped to avoid collision, for example. The ride system
controller, using the unique addresses of each vehicle, may command a single vehicle 950 to
stop, if only the single vehicle was in danger of collision. Alternatively, the ride system
controller, using the unique addresses of each vehicle, may command a subset of the vehicles
950, 960 to stop, if only that subset of vehicles was in danger of collision. Alternatively, the ride
system controller, using the unique addresses of each vehicle, may command all vehicles 950,
960, 970 to stop. Any vehicle 900, 950, 960, 970, upon receipt of a command uniquely

addressed to it, can come to a controlled stop.

[0083] The present invention has been described above in terms of one or more preferred
embodiments and one or more alternate embodiments. Moreover, various aspects of the present
invention have been described. One of ordinary skill in the art should not interpret the various
aspects or embodiments as limiting in any way, but as exemplary. Clearly, other embodiments
are within the scope of the present invention. The scope the present invention will instead be

determined by the appended claims.
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a communi cation interface operationally coupled to the controller and
configured to communicate with a ride systemcontroller that is renote to
t he vehi cwe2or/ish8si s; a battery configured as a sol e ®olUSR01/03®PEr at i ng
energy of the vehicle; WO 2012/ 155120PCT/ US2012/ 037671 first and
second i ndependently controll ed steerable propul sion wheels fixed to the
chassis and configured to propel and steer the vehicle according to
commands i ssued by the controller; I r reaction plate coupled to the
chassis; an upper reaction plate sdg%@gwgbart fromthe | ower reaction
pl at e; a pivotabl e coupling having an upper shaft and a | ower shaft
ext endvRst 8B med N a center of the pivotable coupling and term nating at
respective upper and | ower shaft ends, the upper shaft end fixed to the
upper reaction plate and the | ower shaft end fixed to the | ower reaction
pl at e;1- and A motion ggsemphisgonfigredjto pepdugk it WS o8 predions. £pEPEISEom each ot her
and fronltgqukxggag#gﬂ&gupling, and coupl ed at respective upper ends to
t he upper reaction pldte and at respective |lower ends to the | ower reaction
pl at e, and aa@ppérguicidntpiatexiaeadlamndromeithclotvet ceaptistoplatehe upper reaction
pl ate about the pivotable coupling t roduce pitch and roll tions of the
upper reactiPBYPilareRBEdeying aPélPP‘Ffé%Pfg\?x)éﬁg a f@ﬁét%fﬁ eHeRding aw m?wea vehi cl e
of cl aj ' Pl - | i i j 0 A hicl e
of o g:eﬁrgts%gﬁ th?’gf{{oﬁdg;k ég@ﬁ%yﬁ’% gﬁ gﬁhﬁaﬁﬁg’& rb@Rcfiv dbpbk A Blver dast <HAE HE

upper shaft end coupled to the upper reaction plate and the lower shaft end coupled to the lower

reaction plate; and

at least two linear actuators spaced apart from each other and from the pivotable
coupling, and coupled at respective upper ends to the upper reaction plate and at respective lower
ends to the lower reaction plate, and configured to extend and retract to pivot the upper reaction
plate about the pivotable coupling to produce pitch and roll motions of the upper reaction plate

relative to the lower reaction plate.

2. The motion assembly of claim 1, wherein the pivotable coupling is a U-joint.
3. The motion assembly of claim 1, wherein the pivotable coupling is a fixed length.
4. The motion assembly of claim 1, further comprising a rechargeable battery configured as

a sole source of operating energy of the at least two linear actuators.

5. A vehicle, comprising:

a chassis;

a first steerable propulsion wheel coupled to the chassis and configured to rotate a first
wheel to a first commanded direction and rotate the first wheel at a first commanded speed;

a second steerable propulsion wheel coupled to the chassis and configured to rotate a
second wheel to a second commanded direction and rotate the second wheel at a second
commanded speed;

a lower reaction plate coupled to the chassis;

26



a slew bearing fixed to the chassis and having a sl ew bearing gear
rotatable with respect to the chassis; a sl ew bearing pinion notor
havi ng a wbabtz/15612@¢ sl ew bearing pinion notor fixed to Phe/ush@98B7aNnd
configured to rotate at a comranded sl ew speed and direction; a slew
bearing pinion fixed to the shaft, the pinion engaging the slew bearing
gear; wherein the lower reaction plate is coupled to the chassis via the

sl ew bearin fixin he | ower reactio | ate to the slew bearing,
Wher ei n t hanBHEeAal PIa SIS P oo B I9beh  CHESTSPIBE bear i ng and pr oduces

a yaw moti gnifalbeo Tha{88%h uPPerRhat 8ndh Idvdr@AREEL tehding BRaghemsi s. WO
2012/ 155120PCT/ US2012/ 037671 18. The vehicle of claim 15, wherein the
vehi clcentesofctba pivgtabbadcofupling ashigigingting af raspeetatshippgr ansk lowar ghaft ends, the

si mul t aneous tti the first. co n irection and th econd
commtae i Sad Fistd BIn Peds réatiof BRE BRe SiveE S R P B8 er e o
is onqmﬁﬁoﬁgﬁﬁgaﬁiSO and 180< 0 <360; and sinultaneously setting the first
commanded speed equal to the second conmanded speed. 19. The vehicl e of

claim 15, fRilasdwodBapracsiays spaced margeamicacthetheicing feamtheqiiyetablasowplygl e
sSource,g fcoﬂg&[ QttrE Sl 8Idstt ﬁle\{lgpklcllegction ate Iﬁ'c? %tvrggﬂegii% @(Ve? lil?ds% 17,
0 g b ery a

further ¢ rising are a? eabl e corfirgure a sol e source of
oper atthegwensfagiyoroplatehandvelafighed to extend and retract to pivot the upper reaction plate

b
"8

about the pivotable coupling to produce pitch and roll motions of the upper reaction plate relative

to the lower reaction plate.
6. The vehicle of claim 5, wherein the pivotable coupling is a U-joint.

7. The vehicle of claim 5, further comprising:

a slew bearing fixed to the chassis and having a slew bearing gear rotatable with respect
to the chassis;

a slew bearing pinion motor having a shaft, the slew bearing pinion motor fixed to the
chassis;

a slew bearing pinion fixed to the shaft, the pinion engaging the slew bearing gear and
configured to rotate at a commanded slew speed and direction;

wherein the lower reaction plate is coupled to the chassis via the slew bearing by fixing
the lower reaction plate to the slew bearing,

wherein the lower reaction plate rotates with the slew bearing and produces a yaw motion

of the upper reaction plate with respect to the chassis.

8. The vehicle of claim 5, wherein the vehicle is configured for propulsion in a crabbing
motion by:

simultaneously setting the first commanded direction and the second commanded
direction equal to an identical commanded direction, 8, where 0 is one of 0°< 6 <180° and 180°<
0 <360°; and simultaneously setting the first commanded speed equal to the second commanded

speed.
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21. A vehicle, conprising: a chassis; a first propul sion wheel coupled to

t he chassis; a second propul sion wheel coupled to the chassis and
spaced apaptofrism20he first propul sion wheel; a slpewuse@rioam7havi ng a
first side fixed to the chassis and a second side conprising a slew bearing
gear rotatable with respect to the chassis; a notor configured to rotate

the sl ew bearing gear; a platformcoupled to the second side of the
sl ew bearing, wherein the platformrotates with respect to the chassis by
action of the notor; and seating coupled to the platform the seating

having a frggtyegicRe ranims, pagter %@)ﬂﬁﬁisiﬁgm’&jhh%e&@e bheer} comtoguRédR a sole
wherein the seating front side can be rotated to point in any direction

wi th rseggeetf opasatintgeenetgysditke vghidper ati on of the notor regardl ess of any
direction of travel of the chassis. 22. The vehicle of claim2l, wherein
the first propul sion wheel and the second propul sion wheel are configured

t ﬁ rotigt e tMheRehidle drQNAMY, Bityhed cb1@HHi$iAN a rdtharRhE Batedry Co@VRIreDds 4 fofe
chassi s.
source of operating energy of the vehicle.

11. The vehicle of claim 7, wherein, if the pivotable coupling is oriented vertically, the
central axis of the pivotable coupling passes through a point at a geometric center of the slew

bearing.

12. The vehicle of claim 5, further comprising a wireless communication interface and a
controller, wherein the controller is configured to execute a command received through the
wireless communication interface if the command is addressed to a unique address of the

vehicle.

13. The vehicle of claim 5, further comprising a passenger platform fixed to the upper

reaction plate and at least two rows of seats fixed to the passenger platform.

14. The vehicle of claim 13, wherein if the pivotable coupling is oriented vertically, the
central axis of the pivotable coupling passes through a point at a geometric center of the slew
bearing and a point on the passenger platform that is between a first and a second one of the at

least two rows of seats.

15. A vehicle comprising

a controller;

a memory operationally coupled to the controller;

a communication interface operationally coupled to the controller and configured to
communicate with a ride system controller that is remote to the vehicle;

a chassis;

a battery configured as a sole source of operating energy of the vehicle;
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first and second independently controlled steerable propulsion wheels fixed to the chassis
and configured to propel and steer the vehicle according to commands issued by the controller;

a lower reaction plate coupled to the chassis;

an upper reaction plate spaced apart from the lower reaction plate;

a pivotable coupling having an upper shaft and a lower shaft extending away from a
center of the pivotable coupling and terminating at respective upper and lower shaft ends, the
upper shaft end fixed to the upper reaction plate and the lower shaft end fixed to the lower
reaction plate; and

at least two linear actuators spaced apart from each other and from the pivotable
coupling, and coupled at respective upper ends to the upper reaction plate and at respective lower
ends to the lower reaction plate, and configured to extend and retract to pivot the upper reaction
plate about the pivotable coupling to produce pitch and roll motions of the upper reaction plate

relative to the lower reaction plate.

16. The vehicle of claim 15, wherein the pivotable coupling is a U-joint.

17. The vehicle of claim 15, further comprising:

a slew bearing fixed to the chassis and having a slew bearing gear rotatable with respect
to the chassis;

a slew bearing pinion motor having a shaft, the slew bearing pinion motor fixed to the
chassis and configured to rotate at a commanded slew speed and direction;

a slew bearing pinion fixed to the shaft, the pinion engaging the slew bearing gear;

wherein the lower reaction plate is coupled to the chassis via the slew bearing by fixing
the lower reaction plate to the slew bearing,

wherein the lower reaction plate rotates with the slew bearing and produces a yaw motion

of the upper reaction plate with respect to the chassis.
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18. The vehicle of claim 15, wherein the vehicle is configured for propulsion in a crabbing
motion by:

simultaneously setting the first commanded direction and the second commanded
direction equal to an identical commanded direction, 8, where 0 is one of 0°< 6 <180° and
180°< 0 <360°; and

simultaneously setting the first commanded speed equal to the second commanded speed.

19. The vehicle of claim 15, further comprising a rechargeable battery configured as a sole

source of operating energy of the vehicle.

20. The vehicle of claim 17, further comprising a rechargeable battery configured as a sole

source of operating energy of the vehicle.

21. A vehicle, comprising:

a chassis;

a first propulsion wheel coupled to the chassis;

a second propulsion wheel coupled to the chassis and spaced apart from the first
propulsion wheel;

a slew bearing having a first side fixed to the chassis and a second side comprising a slew
bearing gear rotatable with respect to the chassis;

a motor configured to rotate the slew bearing gear;

a platform coupled to the second side of the slew bearing, wherein the platform rotates
with respect to the chassis by action of the motor; and

seating coupled to the platform, the seating having a front side and a back side, opposite
to the front side.

wherein the seating front side can be rotated to point in any direction with respect to the

chassis by operation of the motor regardless of any direction of travel of the chassis.

22. The vehicle of claim 21, wherein the first propulsion wheel and the second propulsion

wheel are configured to rotate to point toward any direction in a plane of travel of the chassis.
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