PCT/USOO/O6365 WD 00/ 53480 APPARATUS AND METHOD FOR STEERI NG A GUI DEWAY BZS

VEH CLE , BACKGROUND OF T QQL-jFiel d of the Lnvention This

i nvention’rel ates to steeri ng mechani sns for 5/Vehicles. Mre !
particularly relates tojan a atus and nethod for steerin vehicle
to follow a ‘fvPa{’eﬁ“B? gui gk scription o S§T’PS®Q%?5 i es

“adapted to travel on a guid vvay VI ng 104@,, extend| ng parall el
to the desired course of the vehicle typi ”W”” “@M a'guide frame with
guide wheels to track the path of the guide I @sd; so@N o turn steerable
drive tires on the vehicle to follow the guide rail However, when the
vehicle travels along a curve on 15 the guideway,. it is not sufficient
nerely to align ARPARM®S AN METRGD t FORSSTRERING &l GUIDEWAY WRERXCLE Of
the guideway. If this is done, the centrifugal forces and the scrub
forces due to drive tire m salignnent assom ated wwth turning the vehicle
wi |l be taken by the guide whe&&S GE F IENJHNENEIOMY be addressed
relatively easily for a vehicle, trya,\éahl B tHeOIH ryiendi recti on by :
adjusting the orientatiopn of the steer drive to ensat the

centrifugal force by int rglaumlnngv n%tj‘grg ?b:!‘ag)e':recsego Sé%%le%gdple\?e l?‘&%
However, &s wilVebécégptai Negef perhafFulahly 25l oRpeaiss itoh & apredatorst
steerabl e driveahHr endthodi ffer egteetiian 4 heekDepensat Een1eh hhehagk or
steerabl e drive &'.rgw g steering apparatus nodified for travel in one
direction woul d érate effici ently for travel in the opposite
direction. 30 As a result, V#thdasczaptagnuet gt B3fioghdrEront and rear
stegrabl e drldve tires, the«;@mr& farcﬁlmeaar&boitradeylaaﬁeafc_rr@médhef fhavmg o

redet er gined cur t r nd. u e forc te
p 'I‘O d %ﬁ Q:?(tggdgg é.l‘%llealt ]t‘:q}% deseir IQIE, e R

1
vehicle to travel the e guide Al
the vehlcle typlcally employ' a guide frame with gulde

wheels to track the path of the guide rail and to turn
steerable drive tires on the vehicle to fcllow the guide
rail. However, when the vehicle travels along a curve on

15 the guideway, it is not sufficient merely to align the
steerable drive tires exactly along the curvature of the
guideway. If this is done, the centrifugal forces and the
scrub forces due to drive tire misalignment associated with
turning the wvehicle will be taken by the guide wheels.

20 This phenomenon may be addressed relatively easily for a
vehicle traveling in only one directioh by adjusting the
orientation of the steerable drive tires to compensate the
centrifugal force by introducing laterxral forces on the
drive tires. However, as will be explained further, the -

25 compensation of the front steerable drive tire is different
than the compensation of the back steerable drive tire. A
steering apparatus modified for travel in one direction
would not operate efficiently for travel in
the opposite direction.

30 As a result, without any adjustment of the front
and rear steerable drive tires, the guide frame cannot
deviate from the predetermined curvature of the guide rail,
and the guide frame forces the vehicle to ﬁravel along the

predetermined path of,the guide rail.

L

*ACTION*




WD 00/ 53480 PCT/ US00/ 06365 Furthernore, w thout any adjustnent of the
front and rear steerable drive tires, the guide frane nust be designed not
only to turn the steerable drive tires but also to tolerate centrifugal
forces necessary to force the 5 vehicle to turn. As a result,r he 6f? ces.
transmitted WHR4Ohe guide rail through the guide frame aFf&T8REEENVe and
'l arger structural elements are required in the fabrication of these parts.
To relieve these excessive forces on the guide 10 frame, it is necessary
to adjust the direction. of the steerable drive tires to track parallel to
. the guideway w thout excessive forces upon the wheels. To do this, the
steerable drive tires nust be turned beyond the tangential orientation of
the rail curvature. 15 UniRusthSrmpee, MHitdout Neny £d089tpent tofy thes f3ont

vehi f: eI gui daﬂcea@@SQcEQEPl%tlé@Ag%ﬂ.Mfﬁlt@ ﬂ§i|r|@|§¢ ghé\rllgu?.hé eﬁrT.rinél BuOSHLi on
parallel to the guide rail. resul t : at.eral forces
produced when th e?/_]e%ril% en?thrﬂrslﬁér%o ??ngtnqett% e%(%g%ﬁedﬁﬁ}’%e hheeI But 20
United States Paalkse tNp.tofexagelgontnifugpddforshsederagsSande Roreesthy

Mepgan:c sm gor GJ‘iréiEgc_:]\@kt;;& ltRsn. | ?é Lﬂitﬂe%hgﬁ, aAgsr¥es fsﬁ:&ﬁfémmﬁgulshg&w th
gui de frames extendin rom ront .and rear ends t vehicle_t
orient the steer%%? eg’d%h?/erﬁfr (r}éjrﬁru%g’e?:% eta if\%eaqrieo. areZ§§aﬁls é‘\’/\e/ay?'n#hi S
passi ve system chwpaen ated:ctowral hel grantss are errudgedolin dihe diabyigrspdace
the vehicle whetherchdee pealtiscle is traveling in the forward or rearward

direction. A design is neel%edre\mie%h gﬁnga%L%é’ WelolY EE?QeQO&E t}gge f{ggt and
rear steerable drive tires of a vehi cle - 3 _os1lovm' ng a gurde raif Th the
proper or}@ntati BFRT®, adEourt FACITREYr &P ALIFSES tthgs Higestdgnwiath the

steerabl e drive $téesabMhedriie vahisClw tiddek pSUMARY €6 ThE LUWEMREN The

nvention is dirgeledd 0848601 PO ARPRLBRUSe Whebdh. 2 APRSLR:0aphEd to
steerable drive tires must be turned beyond the tangential
orientation of the rail curvature. _

15 United States Patent No. 4,089,272 teaches a
vehicle guidance apparatus which maintains the drive tires
in a position parallel to the guide rail. As a result, all
of the lateral forces produced when the vehicle turns are

_ transmitted to the guide wheels.

20 United States Patent No. 4,295,172 entitled
"Steering Sense Reversing Mechanism for Guided Vehicles"
illustrates a passive steering -system with guide frames
extending from the front and rear ends of the vehicle to
orient the steerable drive tires properly relative to a

25 guideway. This passive system compensates for the forces
tending to laterally displace the vehicle whether the
vehicle is traveling in the forward or rearward direction.

A design is needed which may easily position both
the front and rear steerable drive tires of a wvehicle

30 following a guide rail in the proper orientation to account
for the radial drift associated with steerable drive tires
when the vehicle turns.

SUMMARY OF THE TINVENTION
The invention is directed to a steering apparatus -

35 for a vehicle adapted to travel on a guideway having at



WO 00/53480 PCT/ US00/ 06365 | east one guide rail extending parallel to the
desired .course of the vehicle. The vehicle rests upon a support frame"
secured to a wheel assenbly. The wheel assenbly has a guide frame adapted
to pivot about a quide frame pivot 5 point such that a guide frame -
| ongi t udi nalY&W & %mains parallel to the guide rail when {FRESGUIRAE Trane
'is following a straight portion of the guide rail and remains tangential
to the gui.de rail when the guide frane is follow ng a curved portion of
the guide rail. The wheel 10 assenbly further includes a first steerable
drive tire hub connected to a first axle which is supported by the support
frame and pivotabl e about a pivot for turning the tire. The steering
appar at us conpr Léasta osiceavigly | faika@rtesiimectRarpliied did deher desiredt he

first steerabl ecdukie &5 theevirbcnf. t henevhesli Assaemdaly hLpbnt Hr BuBgoLRE

first steerable_drive tire. parallel fo the. quide il en the ujpde
frame is foll ovm%ﬁamﬁ f)%?‘t"’feo%%@f % ng%%i dseéer B 't hg{'g ‘f'%ey_\é{s}I raésisﬁﬁ’tblgn 2For
turning the firé&t yder sbhwedadartad e RiMRFermboalt ©o quideglirdmer piivowhen
the !ggi de sf L arregbagzo_sh_ehl QWaRg ad g@leafei Eratle tmglguhdenani hxigalkeh&_insd_ |
curved,. there LAi a, heutr steerin etween a_._longitudina
axi s extendi ng P F:Sggﬁft he tit?'gi: ‘%dae cggfl!rlalg'”ﬁ%gngfltgudﬁ?a © aflréamgxt_ &Rdi ng
t hrough the vehfeléopdny.a Ficaigppaparttison £ thehepidommils@adoremains
actuator for 25tamgkhftyangter wredughige t kaimdtwih ofhé heusteerimgnd | Dage
when the guide fr Lvots_al ryved .guyide ' .~ i nt ucing, a
conpensati on anfé ZTE‘SB? eé n(éu{‘?éa}? P?%rggP}{‘n%f_ gﬁ‘% ghghérg%%pro%ﬁ%i Vﬁ'éeg:ﬁ
adj ust ed 16t eeri Agsamgle furthazrcdnptudes = LTSy srepEribYe drdvet sérgbhebdri ve
tire. 30 The inveahkefed XAlaS@idit edledwhowhris &upebir€k@ byhavenguppert
subj ect steering_apparatus.. BRI PTI Eﬁéy_\!N The, .
i nvention, al ongrﬁgghaflﬁe_pégfgégf%%@e aaé){;l.é%aggg eren_ , 1\1/\(,?[]:1 8 nore
apparent upon JIh@D ebeeBYSY ROHMYSELRE0638WPTises a steering linkage
connecting the guide frame to the first steerable drive

f 15 tire hub of the wheel assembly for turning the first

! steerable drive tire parallel to the guide rail when the

| guide frame is following a portion of the guide rail that
is straight and for turning the first steerable drive tire
tangential to the guide rail when the guide frame is

20 following a portion of the guide rail that is curved,.
thereby defining a neutral steering angle between a
longitudinal axis extending through the tire and a central
longitudinal axis extending through the vehicle body. The
apparatus is further comprised of an actuator for

25 amplifying or reducing the motion of the steering linkage
when the guide frame pivots along a curved guide rail by
introducing a compensation angle to the neutral steering
angle thereby producing an adjusted steering angle to
account for a slip angle of the steerable drive tire.

30 The invention is also directed toward a vehicle
having the subject steering apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, along with the object and the

advantages thereof, will be more apparent upon



consideration of the follow ng detail ed description read in conjunction

W th.the acconpanying drawings in which: Fig. 1 shows a generalized =
schematic of a vehicle following a guideway; 5 Fig. .2 illustrates a
schematic t ' in explaining the concept of a slip a gsleering
angle; Fi g‘.gog’%/is’%“l%strat es a schematic of a linkage in acgg#@g%?gﬁgvi th the
'subj ect invention. Fig. 4 is a detailed plan view of one enbodi ment 10 of

t he subject invention, not illustrating details of the actuator; and Fig.
51is an end view along arrows "5-5" in Fig. 4. DETAI LED DESCRI PTI ON OF THE
INVENTION 15 Fig. 1 illustrates a transit vehicle 10 which travels along a
gui deway 15 followi ng a guide rajl on .a oad .surface 25.in the, . :
direction of arFoRFiCenHetant ghstie 1‘2;&}10&1891 iRt JRRTIRE 385455 %D Favi ng
a front wheel assPaidyi@d vandh dhecarcohpdlyings drbving® ip@high:

ilTustrative purposes, Fighg 2:50048s d GenBPADiAMA seRemat RelAbLevallie tire
45 of the front_wheel . assenmbly 35 (Fig. 1) and one steerable drive tire 50
of the rear whERllAEERHA PUGTPYistrated in Fig. 1. Superinposed over
the steer@mble drive tiresFi#4h, 320 ildustmateg whi sbhdBtig | viwvs ashésyuiide rai l
20 showing the Lispl; patd diie contagtabl e diliyeabiyte Shpukdolohl atigIEhe

e

steerable driv ires 4 50 ar¢ arrqw A and

, raveling_in e direction o
are illustrated as tangemti%l 1 }YHE=2525F sf:hﬁ?ape%s%gn,a nJSJtrgcearggbllél drive
tire 45 will beacebedardce twitds thiee sfibject 3vanddeabl e drive tire and

steerable drive tire 50 whid heigsrgf ge¢£0hdd pasnt higew aordestesditeatdri ve
tire with the understandin?g i '

| th d i pLi Il .ch t hi cl
di recti oh® chang®5 bPposHPEeto Jtrﬁ’ge?nts"%mh %‘/Ig 1‘(")S:/Iv%r .tl%ﬁfggg H% ({ﬁet\ﬁ% e

oughou
di scussi on ref eneogetert ladbk made 35 to steerable drive tires with the

understandi ng these tirespig WO QQ/ 53480nRCTALBP0RABEG6Rrrows "5-5" in
Fig. 4.
DETAILED DESCRIPTION OF THE INVENTION

15 _ Fig. 1 illustrates a transit vehicle 10 which

travels along a guideway 15 following a guide rail 20 on a
road surface 25 in the direction of arrow A. The transit
vehicle 10 has a vehicle body 30 having a front wheel
assembly 35 and a rear wheel assembly 40.

20 For illustrative purposes, Fig. 2 shows, in
phnantom, one steerable drive tire 45 of the front wheel
assembly 35 (Fig. 1) and one steerable drive tire 50 of the
rear wheel assembly 40 illustrated in Fig. 1. Superimposed
over the steerable drive tires 45, 50 is line 22 which

25 follows the guide rail 20 showing the ideal path the
steerable drive tire should follow. The steerable drive
tires 45, 50 are traveling in the direction of arrow A and
are illustrated as tangential to line 22. For that reason,
steerable drive tire 45 will be referred to as the first

30 steerable drive tire and steerable drive tire 50 will be
referred to.as the second steerable drive tire with the
understanding these descriptions will change if the vehicle
direction changes opposite to that shown by arrow A.

Throughout the discussion reference will be made

35 to steerable drive tires with the understanding these tires



rotate about tire hubs and any |inkages attached to the drive tires are in
actuality connected to the associated drive tire hubs. The steerable drive
tires 45, 50 will be rotated 5 and can deviate fromtheir tangential

positions. W {)ed, they will be referred to as steerable drive tires

45a, 50a. The stoé)é,rgéa e drive tires 45a, 50a will be shown | RCEUBG0®63I6E nesS -

'I'n the absence of any lateral centrifugal force, 10 the steerable drive

tires 45, 50, illustrated in phantomin Fig 2, are oriented tangentially
to the curvature of the Iline 22 and will direct the vehicle along the-
guide rail 20. Centerline 24 in Fig. 2 is a line intersecting the pivot

poi nts about which tire 45a and tire 50a rotate. 15 Aline T extends
through the centefco§fteacirout ttihesbubsresd Angt eenkageangteadied o e
between the cent@arliiaet24eand-then! b€yt iclPe: i.Rg.angte for the
first tire 45 is g?ﬂ,gngged as ESA and the gee‘ﬁ‘%&%ﬁgf@ q$"8r PRBCs2kqrhd
tire 50 i s designated as Ap A and RSA 20 will also be referred to as
neutral steering angles. HoWe eteerhbleahtivief ugaksf o5 cesp andit Be sSL Ly
forces due 6o drisfdtidae MsSalaitgnimsph HHesent . vehicle travels to
i ﬁwg%gﬁég?gﬁoéékﬁ’?ﬁ' forthen To

foll ow the curvat t ui de.rail 0w
conpensate for th#é,gag%dt hh:gl té’éﬁbb‘f’% iSFEetli FesRustesgale doiwe adires

clockwi se to posttRonx03. | Thersttestabyesdeivallicedr iyg, tﬂdaesiiiﬁabeséﬁ%wn I'n
this orientation,ifthe€obi®aridlse drive tires 45a, 50a and the vehicle wll

follow the path of the gui q%Ort il 20 with_mninumforces transmtted to
gui de whee]s 70 and gui de FIREDES P65 ARk otAig9rel eRnsrifugsl ftreerabl e

drive tiret%s i sthetshearablechkmive tirem 44, gonein! 1wt dednen Toieadd ieadis Ro
t hrough steerabl eeilfi ¥ &i¢ eoiiedr@qt anggﬁﬂ‘;pﬂ, _q._fo Lel rgr!aguc%rﬁi[v tire

(oriea bt onen o Lo Rl el g e i Lok, S i e
20. Centerline 24 in Fig. 2 is a line intersecting the
Pivot points about which tire 45a and tire 50a rotate.
15 A line T extends through the center of each of
these tires. A steering angle is formed between the

centerline 24 and the line T. The steering angle for the

first tire 45 is designated as FSA and the steering angle

for the second tire 50 is designated as RSA. FSA and RSA
20 will also be referred to as neutral steering angles.

However, the centrifugal forces and the scrub
forces due to drive tire misalignment present when the
vehicle travels to follow the curvature of the guide rail
20 will cause guide tire forces. To compensate for this,

25 the steerable drive tires 45, 50 are rotated clockwise to
pPositions illu;trated by steerable drive tires 45a, 50a.
In this orientation, the steerable drive tires 45a, 50a and
the vehicle will follow the path of the guide rail 20 with
minimum forces transmitted to guide wheels 70 and guide
30 frame 65.

To accomplish this, first steerable drive tire 45
is rotated clockwise from alignment with line T extending
through steerable drive tire 45 to the position of
Steerable drive tire 45a. Steerable drive tire 45a also

35 has a longitudinal axis LW. The angle formed between a



tangential line T and | ongitudinal axis LWof the first steerable drive
tire.45a defines a front slip angle ar. In the sane fashion, second -
steerable drive tire 50 is rotated in a clockw se direction to the

posi tion i nditAl%d*8%y 5 steerable drive tire 50a and the | BEEPSAAFIES. axi s
LW extending through steerable drive tire 50a to define a rear slip angle
‘aR. A- nore thorough discussion-of vehicle steering and the associated
slip angles nmay be found in the textbook entitled. Race Car Vehicle-

Dynam cs, authored by 10 WlliamF. MIliken and Douglas L. MIIliken and
publ i shed by the Society of Autonotive Engineering International in 1995.
It shoul d be not'e’RI¢rtidle| bine el t and ehorgd tydinals axtilse LPosift ithie dfiriditr st

steerabl e drive ddderdice idxivéSeded iqwd dByihbs suPRk N8 TARAL §teering
angle FSA and t r Lip.angle aF to formthe adjusted front Steering
angl e AF. Furthre}.'rehfretbrsga?&et %gsg_ﬁgﬁltis_c?ncogf? ?ﬁ%egir@}é]b%gré erHif 80 i iRRtatede 50a
rel ative to the Fenterfiedkwise sdiragduiod byo 2bet posdridrr éndécated hbyr ear
steering aslg: e Rﬁkeaﬁubjlehedfﬁfg 3]1_1:1@ ?mgl &,Iajt@hég:lghélﬁgu@lcﬂég_stégig egts .
steering angle . : e first .steerable_drive . tire 4ba nust be
posi ti oned rel-afés&\/_eer%%%L } Gé}i%éé‘rll Br ﬁer?é:a%;‘tedﬁ?‘éer EAEFY° IR AR d?hé"%@caﬁar
steerabl e drive ¥i¥R 88gie29:Thi  presentthoynighe d3sobbehen f of vehicle

Ei - di rfecti onal stﬁ&; 'ﬁ@anauﬁmhm@sbei&tgd Aig aagnégnﬁawwgeekoaﬁaglﬁabkxe?»ﬁ
as a first gui 65, . Wi gui eel.s, 7 C,. str Lng the
guide rail] 20 (%%%gb%@ \ﬁ%‘ltclﬁtlleg HafE MHEclR.{on, _ EHENGEF AechBy 15.
An arran nt GEYYAME - Mddhikemuint Boughas §-cMahbiksn ragfdepubdisbeds a
central guidants pitad faydTethOVWEVRIL othdiel Wl BrRG heb YA T0HE ABRY 1 BR- 2PPL 1 ed
to other guide fgame designs such as.one with radially 35 protruding

gui de wheel s t hat "éngage ?ui'de walls on both 6 WO 00/53480 PCT/ US00/ 06365
t should be noted that relative to centerline

24, the position of first steerable drive tire 45a is
15 defined by the sum of the front steering angle FSA and the
front slip angle dF-to form the adjusted front steering
angle AF.
Furthermore, the position of the second stéerable
drive tire 50a relative to the centerline 24 is defined by
20 the difference of the rear steering angle RSA and the rear
slip angle oy to form the adjusted rear steering angle AR.
As a result, the first steerable drive tire 45a must be
positioned relative to the centerline 24 differently than
the second steerable drive tire 50a.
25 This presents unique problems for bi-directional
vehicles. .
Turning to Fig. 3, the front wheel assembly 35
has a first guide frame 65 with guide wheels 70a, b, ¢, 4
straddling the guide rail 20 (Fig. 2), which is centrally
30 located upon the guideway 15. An arrangement utilizing
such a guide frame is commonly referred to as a central
guidance platform.
However, the subject invention may be applied to
other. guide frame designs such as one with radially
35 protruding guide wheels that engage guide walls on both



si des of the gui deway. Under'these ci rcunstances, the guide rail would be
elim nat.ed. Therefore, a guide nenber for the subject invention may be a
guide rail 20 in the center of the guideway 15 or nay be guide walls on

both 5 sidggggfisalighe gui deway 15. Returning to Fig. 3, a schefbdofeiss ..
illustrated of the steering apparatus in accordance with the subject

‘invehtion. For purposes of convenience, the guide frame 65 associated with
the front .wheel assenbly 35 illustrated in 10 Fig. 1 will be referred to as
the first guide frame 65. The first guide frame 65 is adapted to travel on
a guideway 15 having at |east one guide rail, such as guide rail 20 in
Fig. 1, extending parallel to the desired course of the vehicle 10. The
first guide frameidss isf athet gdideway vot UhBexbdiresguicdachimahenpes ot thei nt
67 such that a furlsie &laadewoﬁ@rﬂ% b@@aaha@lwal mé&s_fbier%ﬂaet aBRMBLL al
to the guide rg%) éﬁ iﬁk gu rane_65 1s follg f.gortlon of

the guide rail % h é&F&e nv?ﬂgl??oﬂ?ymﬂﬁe? d83 %bf%l 3%8° a8 &Ry ont
axle 75 with a fdersterstafertdlsl guddevayt e A5 @Y pevanafeywabhaeohetdoah

pi vot poirg 77 tgddhe Jer ent @ﬁ@ew?a@ 18nd with a second steerable drive tire
46 pivotally connected a%?el v ot Qin o the fro nt, axle I

r ai
vehicle rests upon a supp §3§re 't 8 PREET3 6ﬁi1ﬁhééﬁu§§§éﬁ% y 35.
The vehicle 10 of5 tdleso srtesrannpmpaera@luﬁ iz a§99-‘p<éﬁftcef warl thet sshient

secured to the irRamcwbeel s a%asé@ ofTbanbéﬂmnMeehea@sﬂmﬂf&aaé sy\fm ch

is simlar to the rear eel s the [ a
which is adapt e@¥EPANE \f,‘m oufa}ehggoﬁtl:dohef‘egr?esse%% oI %I 81'8[} geﬁlﬁ t hat
t he gui dé& r ane Hiengit umlrialb%mesﬁeE‘IeFleﬁﬁl RS tﬁar irer guideefgamele6fail 20

when the guide fmléét@ulcfeolf&amen&s asst-:\aapa@a HROELRea1 an tEhgugykde, rai

20. The QUIde fr Ionglt i_n axi s i'ns tan entl to t

gui de-rai | V\Hesa hea au‘-i‘td:aiefar gn%n%§ P ot Snucaf aa%u g?t’rrbn of

t he -guide raJI FA@ - 71VWF&K%H§%¢80PPEﬁlLEbOFQGSBS esired Course Of the
vehicle 10. The first guide frame 65 is adapted to pivot

15 about guide frame pivot point 67 such that a first guide

. frame longitudinal axis L1l remains tangential to the guide

rail 20 when the guide frame 65 is following a portion of

the guide rail 20 that is curved. The front wheel assembly

35 has a front axle 75 with a first steerable drive tire 45

20 pivotally connected at pivot point 77 to the front axle 75

and with a second steerable drive tire 46 pivotally
connected at pivot point 78 to the front axle 75.

The rail vehicle rests upon a support frame

secured to the frort wheel assembly 35. The vehicle 10

25 also rests upon a similar support frame (not shown) secured

to the rear wheel assembly 40.

The front wheel assembly 35, which is similar to

the rear wheel assembly 40, has the first guide frame 65

which is adapted to pivot about the guide frame pivot point

30 €7 such that the guide frame longitudinal axis L1 remains

parallel to the guide rail 20 when the guide frame 65 is

following a straight portion of the guide rail 20. The

guide frame longitudinal axis Ll remains tangential to the

guide rail 20 when the guide frame 65 is following a curved

35 portion of the guide rail 20.



A steering |linkage 80, when an actuator 85 is in neutral position
illustrated by* point 90 in Fig. 3, connects the first guide frame 65 to .
the first steerable drive tire 45 of the wheel assenbly 35 for turning the
5 first steeY@PVB4¥rive tire 45 parallel to the guide rail PRODUSOISBESt-he -
guide frame 65 is following a portion of the guide rail 20 that is
straight and for turning the first steerable drive tire 45 tangential to
the guide rail 20 when the guide frane 65 is following a portion of-the
guide 10 rail 20 that is curved, thereby defining a neutral steering axis
as indicated by angle FSA in Fig. 2. The actuator 85 may be used to anplify

or reduce the notion of x g%eggggédﬂ ﬂdg%kgge ‘ﬁ%n\/\gﬁna&{@ J&fgﬁéf)gm de

frame 65 pivots al onglta curved rail e actu Fn’f’?oduces
a conpensati on ANYFEY o PREGEFSP s’tléé‘FFﬁ@te%néﬂYe PR F9§ 2n t Fégeby3,
produci ng an adfostectsttder ifigstagghide AErtoe a3 oumntrtHeOrfigdss| Epe@pQbte a Of

the first steegable Qii—é/e4§' 68 4%e m%eit %%Egﬂﬂﬂl}'%a&gfg @!ffggt%anzg' ts

this conpensati on angl e posin I st st eer
The steerPng I|inksy teg%'ﬁ ﬁB?Eo‘g’E“ Ve éﬂlgae ¥ Parelled ushe |quiide13@iie 9 ned by
a radial |engt hwlll_erﬁmjm phéde ginate FFahe frllowipyinipobTitw cdnthd] Hsiad! e

pivot 135 on theifinst guide féag'@r%htqttaﬁghefgrt otapﬁl@gdl W§ ab,%e | vot 25
135 is a first end 1 %fOf a st qstlre rod éd secon 44 of
the steering tiTe 70 dililsvep y C2REEREEY 'f}PF‘e EREES I‘sacléer%{bl e

drive tire 45 swiedn ttingt gquide aﬁ;zram 65 :t$lef0flilpwingua| gorfi@nme6bhe squidns! at ed
t hrough 19 he notd on of thQ@ ﬁ%%&-b@g |dH3&<’é§b9 §Qfﬂim§%'z¥e&g 50%@%%101 0 of
| us

theflrst steerabl e dri.v é éﬁ' ﬁ ggétjo%of t he vot
135 ' det er ni nes™tHe Hadhl °8 £ oW GPSlrefitet1DA18F £he steering |inkage
moti on such that the adffostadtuatear ﬁﬁgm@beuAEd(Fm@mpZ)fySOQrﬁ@iuﬁfethan,

equal to or--lwss r&mant he ﬂe@tgt@erihgexm&g@ngbewféﬁt%%pfggw ui

-?-g/e5sl4r8?UZ|C:T/ U%CI)I %@5pl\lfj arlong I rceucrtvle gu;]:de bfalxe I.C ehe aCt.‘:truaé.vteOI'ed

15 85 introduces a compensation angle to neutral steering
angle FSA (Fig 2) thereby producing an adjusted steering
angle AF to account for a slip angle o of the first
steerable drive tire 45. The steering linkage 80 also
transmits this compensation angle. to an opposing first

20 steerable drive tire 46.

The'gteering linkage 80 includes a guide frame
virtual link 130 defined by a radial length L from the
guide frame pivot point 67 to an adjustable pivot 135 on
the first guide frame 65. Attached to the adjustable pivot

25 135 is a first end 142 of a steering tire rod 140. The
second end 144 of the steering tire rod 140 is pivotally
attached to the first steerable drive tire 45 such that
rotation of the first guide frame 65 is translated through
the motion of the steering linkage 80 directly to rotation

30 of the first steerable drive tire 45. The position of the
adjustable pivot 135 "determines the magnification or
reduction of the steering linkage motion such that the
adjusted steering angle AF (Fig. 2) is greater than, equal
to or-dess than the neutral steering angle FSA depending



| ength of rod 130 between pivot 67 and pivot 135 may vary. The steering tie
~tod 140 is pivotally connected to the first steerable drive tire 45
through a steering 5 lever 145. A four-bar trapezoidal steering geonetry

ext endi ng f rvagrod/dagsef | rst guide frame 65 to the first steepahle fidye tire
45 is defined by: a) a guide franme virtual link 130 fromthe guiogtédsk's"io

‘frame pivot point 67 to the adjustable pivot 135 on the frane 65; b) the
steering tie rod 140 fromthe guide frane virtual link 130 pivotally
attached to a steering |lever 145; 15 c) the steering |lever 145 fromthe
steering tie rod 140 and fixed to the first steerable drive tire 45; and
d) a drive tire virtual link 150 fromthe first steerable drive tire 45 to
t he gui de franmeuBPRothpciitedtzion Phiethe amhiigdeakparavatedmy The frirther
conprised 20 oleAgtRPPESESY T30 Herwbetl Bbbér &7 ¥RathivoAG38haLei o drag
link 160 translates the roLar terg)tiinon tof thﬁ EHSt St egrzgl e drive tire 45
to the opposing first steerabre —tire 46 “Phe*t? rst RYEePADY eCOPRSEEeEre 45

may have assocFat éBewifiirsitt steearableddagvei fkre ed®r thedugthi zhsteeP?ing i xed
to first steerabkeeti1£s45 at a first end 167 and pivotally connected to

the drag Iink 160 at the secand end  169._ The .drag |link 160 is pivotally
attached to a second dra}S I%url g\%r 1"765%?20%%8?39(;5&?&3:&}%9 I?%‘Rm?re’@ér

first end 172 ahEcRfngedard dfhkry Finkt| ovdde1ZFams f6§5xetl t ¢hehef Bt
opposing first steeratble dbfiwe diiree 4461isugdr frdeat bgpti on of the guide frame
65 is translated to the fiyst .eer abl drive,tir and then to the
opposi ng_first steerable A)drai \?thlt%%r ggi@f“ Y%rtgﬁ%u?ﬁ‘%%é%o’ipb’f@@i AP PYHs |
instead 6P trabEaTet PAYOE hBCiBE af¥ ofCotther pddustatd 4 Pivetdrlidge dni rthet6 35

with the drag |fnkmd6s;it is also possible and part of 9 WD 00/ 53480
PCT/ US00/ 06345 - thi's i nugntian ot @edupl i SAI §ohNE, FLELH P! LTkage, hetween

virtual link 130 pivotally attached to a steering lever

145;
15 c) the steering lever 145 from the steering tie
rod 140 and fixed to the first steerable drive tire 45; and
d) a drive tire virtual link 150 from the first
steerable drive tire 45 to the guide frame pivot point 67.
The steering apparatus may be further comprised
20 of an opposing first steerable drive tire 46 wherein a drag
link 160 translates the rotary motion of the first
steerable drive tire 45 to the opposing first steerable
tire 46. The first steerable drive tire 45 may have
associated with it a first drag link lever 165 which is
25 fixed to first steerable tire 45 at a first end 167 and
pivotally connected to the drag link 160 at the second end
165. The drag link 160 is pivotally attached to a second
drag link lever 170 at the second drag link lever first end
172 and the second drag link lever 170 is fixed to the
30 opposing first steerable drive tire 46 such that motion of
the guide frame 65 is translated to the first steerable
drive tire 45 and then to the opposing first steerable
drive tire 46. - It should be appreciated that, instead of
Cransmitting the rotation of drive tire 45 to drive tire 46

35 with the drag link 160, it is also possible and part of



the guide frame 65 and the first steerable drive tire 45 in the same way
to a-steering |inkage between the guide franme 65 and the opposing first
steerable drive tire 46. 5 The actuator 85 is illustrated with dotted |ines

in an exten slotion in which the radial length L of the-Gilbiessts ame.
virtual i ng@q%(’gsgls m nim zed thereby reducing the notion of the steering

'linkage 80. In the second position, illustrated by solid lines in Fig. 3,
the length 10 L of the guide frame virtual link 130 is maxi m zed by the
actuator 85 thereby magnifying the notion of the steering nechanism As
previously nmentioned, the actuator 85 also has a mddle position whereby
the steering linkage 80 maintains 15 the steerable drive tire 45 in a :
neutral positionhiv¥hénveheiamt vat dupBicate ithe Areszdbgal iposge i betwewt cat ed

by 1ine 90, thepethg:dd rSlamet @gré&h Qrfér EYEsélet%e45blé diiQe thiopess in
tangentially to he curvature of the g e rail 5| ng}(%he act uat or

85 to alter thetBSsFRTOMWDY B0 HpFYSETHRY nt- 135S ?‘ﬁ W"a'set | Png tinERFEe80 may
be slightly al 68r eddt therompusifmige fdrsvestégrabls drivh ftfimeens.angl es as

itl | ;Jf]t rat gdt by pos;titons ﬁl@rgd:tﬁaitethg 153 11-Ekl§§EateFHJSJltthoaétE@d/ 1qqerset8pond
(0] € posi ions o i,on Pire O tllre
46a. 25 Returni n§ #9 i‘t’frgend%% Pﬂéth%bem f"héﬁlau y ra(gb%) §?’B *1 #5\% Sded by
the actuator i sgscuﬁél Erame wigtyusdovinlke mm%mlaﬁpmn?rebqucam%
drive tire 45 byheaddith@nt &£ h@hérgeéeﬁ@rnﬂﬂca@wla FSAIth}QEVée%tdr@ﬂ

i ntroduced by the f ont s) ! Rol th dj ust ed front
steering angl e ﬁo?he Jolﬁ‘}fgé‘%ﬁﬁd g%sso% o%qqflgg lar%:?ugt o? yh ij tz.‘
provi di ng%adj us@maﬁt theoguide riames VaEERAY hmj? e13RSASoWa¥hfél$%%1rb}drtll'\¢e t| re

50 to conpensagetigtcthgs sthdraiflugnREyOngrend dtiba a] tisd esked8ay
steering angle AR_.10,WD 00/53480 PCT/ US00/ 06365 Returning to Fig. 3, in

order to provi d8S8PEPR%t positions for adjusting the steering |inkage 80,
t he As previously mentioned, the actuator 85 also has

a middle position whereby the steering linkage 80 maintains

15 the steerable drive tire 45 in a neutral position. When

the actuator 85 is in the neutral position indicated by
line 90, then the £first steerable drive tire 45 is
positioned tangentially to the curvature of the guide rail
20. By using the actuator 85 to alter the position of

20 pivot point 135, the steering linkage 80 may be slightly
altered to orient the drive tire 45 at different angles as
illustrated by positions B and C in Fig. 3. These
positions may correspond to the positions of tire 45a in
Fig. 2. The same rotation applies to tire 46a.

25 Returning to Fig. 2, the range of angular
compensation provided by the actuator is sufficient to
provide angular adjustment to steerable drive tire 45 by
adding to the front steering angle FSA the deviation
introduced by the front slip angle «; to produce the

30 adjusted front steering -angle AF. In the opposing
position, the actuator is capable of providing adjustment
to the rear steering angle RSA of the rear drive tire 50 to
compensate for the slip angle «; to provide the adjusted

rear steering angle AR.
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actuator 85 may be a sol enoid which indexes an internal rod 95 of the
'solenoid:to properly position the adjustable 5 pivot 135. The guide rail
20 illustrated so far in Figs. 1-3 noves the vehicle 10 to the right as
the vehicle wBotsmsel s forward in the direction specified HetnsosessesA. |t
should he appreciated that if the vehicle 10 traveled along a 10 curve to
‘the Teft in which the curve had the sanme radius as the line 22 illustrated
in Fig. 2, then the |inkage 80 would exaggerate the notion of the _
steerable drive tires " 45, 46 and, for exanple, first steerable drive tire
45 would be oriented in a simlar fashion to second steerable 15 drive

tire 50. The actuator 85 jin conj unctilpn wiﬁth.the Iir}_'kage SQ acts to adjust
the degree of exaggerati om i e85 St Re 13 &FERI &FPVEIRi Tt iRst 46 as
a result of rotmpedniofns tfeer gadiesfinmetBs fsfldegihag ltimékagei deo r aithe20. 20

The perfornmanceaetubheragd wakobe8d sthenbddnmidie iniéxdd ad R LF-oM dickg a
set nunber of dbﬁt |Onfct 1505| thons.éotothgol Err]fa eOSS. i%llet %) ovi de _an
unlimted nunmber of pB Tt PONS"MThIR & nge gu]I ar rat%g SteRaSe
devi ati on5 of tRévetedBable drive tire 50 fromthe neutral position. 25

Such a device for inplenertd Rghikibi fadl rANGEIRSYrateul sb Far prOyigled by, but
isnot limted to, an_actuator 8 i i S eunat i c.positianer capable
of positioning FREST %Iﬁ%ﬁree%lic%e.agglvwn_ou-%gr§J(ﬁ}ﬂj'd?‘$f ée&}eerﬁe%ﬁgg?tﬂ)ﬁavfﬁfé
detail ed pl an viewwatdFig.the ghiFqaséoBesPeohiiegobyi awref A 9.1t shoudde

enbodi nent of the ihrechiatB¥erhkoNifi Idhestvediieltheoagkuablbar dyehng and
shoul d bgoused ic\r_lrvgon% ucr}%t EOQ V\I}.IEhhtl% ?ﬁgviu%slgacprt%\éi dgd schematics to
appreci ate the ori ERt 2O of thhet & ements qu t e subj ect ™" Y%RS Li ke
reference nunmer 8hs Hdne Penilddgédated3snFiFds. 2.afbes tbendlkaksaehsan

i dentification geavaneaggerdde WRDMAIHR0 BCEALISHIAGIAS dEGePkarek i ew Of
0 g Cnd fhe SECUI0N A Al Flfamdd £10 1 LrlBELbYe 2hb ol LD 18
would be oriented in a similar fashion to second steerable

15 drive tire 50.

The actuator 85 in conjunction with the linkage
80 acts to adjust the degree of exaggeration imparted to
the steerable drive tires 45, 46 as a result of rotation of
the guide frame 65 following the guide rail 20.

20 The performance of the actuator 85 should not be
limited to providing a set number of distinct positions to
the linkage 80 but may providé an unlimited number of
positions within a given angular range that cause deviation
of the steerable drive tire 50 from the neutral position.

25 - Such a device for implementing this arrangement could be
provided by, but is not limited to, an actuator 85 which is
a pneumatic positioner capable of positioning the linkage'
in any number of different positions.

The detailed plan view of Fig. 4 and the section

30 view of Fig. S5 of one embodiment of the subject invention
illustrate the actual hardware and should be wused in
conjunction with the previously provided schematics to
appreciate the orientation of the elements of the subject
invention. Like reference numerals have been added to

35 Figs. 4 and 5 to make such an identification convenient.
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They are a mrror inmage and shoul d be exam ned accordingly. As an exanple,
fire-45 is on the left-hand side of Fig. 3 5 but on the right-hand side: of
Figs. 4 and S. Sone elenents, however, have not been addressed and.the
foll owi ng discussion is addressed to those el ements. Speci fi cal t he
transit vehiW¥P&YBYE 200 is pivotally connected to a suppo"l‘fr"l’s?og(h@‘SZOS“at
‘connéctions 10 210a and 210b positioned at ends 215a, 215b of the support
frame 205. Cross nenber 220 provides support to ends 215a,b of the support
frame 205. The vehicle body 200 is vertically supported at the other end
of the support frame 205 by spring danper systens 225a,b nounted at the
support 15 franme second ends 217a,b. Each axle 75 is driven by a conmon

differential 24@d Qﬁ%trﬁq'lleﬂi drdiciger enkhal t}k@tb%dﬁgoa%leJ hes frilgt sgdbde

frame 65 is plvot | 1 the suppart frane usin ring
beari ng 250 haV|n§: gfﬂﬁggﬁﬁ ?gt%nzgitﬁngﬁfeﬁcﬁema l?a?éeﬁ%ogf Bhfecti ng
t he support fraf®<208rgnd miperr GmaE&cénéﬁiIQﬁ}an%cF%@mﬁé tceondiggi e
frame 65. The ring heandaig1230 tigeCebt géednabwuegmdandféfd@ cm QY. pei nt

67. It sh ld b ppreci at ed th tuatar, 85, (2 he tlc i [Tustrated
in Fig. 3 is o%l o ggﬁer%fely T F‘Fug?r‘gt d% n & §1§§ L?nder SPBAdI ng
t hat the descw|q¥ﬁmﬁmt§sso@pa?§§rwﬁthaF$g nQFlIhﬁ?@traﬂégeéﬁﬁﬁtlamdalthe
hardwar e and desenilbrs righaiepakat b dfaddiessetiugd othdde eAkhbBaygh this

i nventi on has been descrlgegcg%ggalﬁg;;gggeg&aﬁglgu?gggghgngggln;gé %%

various nodifications, YrSions®a rtions
persons of or dPi&ioFadliyl lcopnechedak® . a AFRPRAKGh fTAB8BPRf Peat #br@onnecsipBs ons

and addi ticons are dantagydded obopbei ensrass edds 213d1e 2368pes ofhd Rupport
{/\8/88} :582180\A2IC'CI;'?6I§§&§’ ! dv\gé]ﬁséj?\/}f\é%l?er 3?2&' B&:%ic@@?eggﬁgowr E& O'en&s2 )
215a,b of the support frame 205. The wvehicle body 200 is
vertically supported at the other end of the support frame
205 by spring damper systems 225a,b mounted at the support
15 frame second ends 217a,b.
Each axle 75 is driven by a common dlfferentlal
240 located in a differential housing 245.
The first guide frame €5 is pivotally mounted to
the support frame 205 using a ring bearing 250 having a top
20 race 252 mounted to a plate 250a connecting the support
frame 205 and a bottom race 254 mounted to the first guide
frame 65. The ring bearing 250 is centered about guide
frame pivot point 67.
' It should be appreciated the actuator 85,
25 schematically illustrated in Fig. 3, is only generally'
illustrated in Fig. 4 with the understanding that the
description associated with Fig. 3 illustrates additional
hardware and describes the operation of the actuator 85.
Although this invention has been described with
30 respect to further embodiments, various modifications,
revisions and additions will become evident to persons of
ordinary skill in the art. All such modifications,
revisions and additions are intended to be encompassed in
the scope of this invention, which is limited only by the

35 claims appended hereto.
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1. A steering apparatus for a vehicle adapted to travel on a gui deway
having at | east one guide rail extending parallel to the desired course .of
the vehicle, wherein the vehicle rests upon a support frame secured to 5 a
wheel assenbly, wherein the wheel assenbly has a guide. franme adapted to
pivot about wog@usdeo frame pivot point such that a guide freckU$MBAEss udi na
axis remains parallel to the guide rail when the guide frame is follow ng
a straight portion of the guide rail and remains tangential to the 10
guide rail" when the guide frane is following a curved portion of the guide
rail, wherein the wheel assenbly further includes a first steerable drive
tire connected to a first axle which is supported by the support franme and
pi vot abl e about .a. pi;ygts.fOr turning the tire, wherein the 15 steering
apparatus conprises: a) a steering |linkage connecting the guide frane to
the first steerable drive tire of the wheel assenbly for turning the first

steerable drive tire parallelpt gt;gﬁ%i%&gg&s when 4 Rerdeideafskgiegi s 20
|

following a portion of the guide nail t gt S stratght and for turniﬁg t he
first steerabl et i%e@YsY OF afgGHLAEN2Y 0PV HY il 7% | “Whef tiRe Hitte
frame is foll owiexyemdiot ipairaldtlt he gheddesindd dearsesofukpedyehheleby
defining a neuw%rgihe%wengeﬂaeh@ bedweanoa hosghpskl NAlandxiss c3Be@Xt&ndi ng

through the tire and a central | ongitudin axi s, extending, t hrough, t he
vehicle bady: afd 'B}=Sih 2RI9RSr +OFFSHDI ﬁ??i‘ﬁbﬁe&r =840 ?‘th‘?ﬁea g?é’t‘%%n of
the steering |irkage adeptetetgupidetl ahewt @ goide fxlagrgpiveuippdatgsmcte rai l
het oy oo SRS RN sl estungtpusastl oo |
ofe{ﬁey gteerabl SN e{F?é} ﬂﬁ?n'?h?éggﬁ%%$rﬂW§iﬁEgﬁTaﬁﬁfﬁtﬁDSﬁE?§@7%g480
PCT/ US00/ 06365 parthilm steerheigowipirarsids awk oretragst sangentnal to the
10 guide rail when the guide frame is following a curved
portion of the guide rail, wherein the wheel assembly
further includes a first steerable drive tire connected to
a first axle which is supported by the support frame and
pivotable about a pivot for turning the tire, wherein the
15 steering apparatus comprises:

a) a steering linkage connecting the guide
frame to the first steerable drive tire of the wheel
assembly for turning the first steerable drive tire
parallel to the guide rail when the guide frame is

20 following a portion of the guide rail that is straight and
for turning the first steerable drive tire tangential to
the guide rail when the guide frame is following a portion
of the guide rail that is curved, thereby defining a
neutral steering angle between a longitudinal axis

25 extending through the tire and a central longitudinal axis
extending through the vehicle body; and

‘b) an actuator for amplifying or reducing the
motion of the steering linkage when the guide frame pivots
along a curved guide rail by introducing a compensation

30 angle to the neutral steering angle thereby producing an
adjusted steering angle to account for a slip angle of the

steerable drive tire.

—/”/’///—’—:/‘”

13

THIS SHEET HAS BEEN
REPLAGED




wherein the steering |linkage includes a guide frane virtual |ink defined
by a-radial length fromthe guide frame pivot point to an adjustabl e pivot
on the guide frame to which is 5 attached the first end of a steering tie
rod, wherei Wadis3488econd end of the steering tie rod is pinaIzsob/geses tached
to the first steerable drive tire such that rotation of the guide frane
is translated through the steering linkage nmotion directly to rotation of
the first steerable drive 10 tire and wherein the position of  the -
adj ust abl e pivot determ nes the magnification or reduction of the steering
| i nkage notion such that the adjusted steering angle is greater than,
equal to, or less thant neutral, steer| angle. 3. The steering :
appar at us accordi_lnfg_ to clhg‘l mZ . \%\%é_?'ejl' P { _gag?g‘é'?iaﬁé:olrﬁén?dif cdagidot al | y
connect ed to t h&7efPiRithe sépgbing drinkage) iactyderughgnide demmagviesier: whi ch
is fixed to thel$hbedabireeditiyve thadfal Aerkth FHeRr R ARRRS @}H‘?e g;?ﬁ%tdi ng
to claim3,  whgbehd & lULabAL. J5APeagdal, sheerng dporet Ly 11 o tfe
guide frape to the fjrst steerabl e drive trre 15 08P netf™hye whigh tige
gui de fragg vi r bR PeRKERS drhtisheehti B8 2f FERErisia/BtiepoPht wietdim the
adj ust abl e pi voseathdohetlofnthdiesteguiidg tiamsd B pIeotsh18er hPgali&y od from
the guide frane I et i jyotal. .tached tp a steering lever; 10 c)
the steering Iet\:/rel%( ?%gﬁ%t tEeé‘!és&ta[el)gél}éi tr?@lt\r%e@%%g =458 ?F?‘édr?%att"r? Aty &he
steerabl e drived?t7e; FEABS ) sa "cﬁq"\?gattie?e Shhoughl Yhenkstfaesrhnhel ifrikage
steerabl e drivemotien tditduryuitde rbtantoni vat tRei Birst Tl PERT4. 58S BEEN
REPLACED1 44 WO 00£534 RGLI 36 .. sThe eerin par at us accordi ng
to claim 4, fur%her cg?rpr“igsgerg%%ytg%se %,n%%%ee?%bl%é?d%csg‘sgﬁgiear?dvo\‘/'vherei n
a first drag |iPK-FEVEIES &he pegnibieatelan & insguckéorrofitthe fitestriend and
pivotal |y connekimhde wotdiary duakk that the sepmtdentecthggdnagibi gk is
pivotally attacheshdd: than, equal to, or less than the neutral steering
angle.

' 3. The steering apparatus according to claim 2,
wherein the steering tie rod is pivotally connected to the
first steerable drive tire through a steering lever which
is fixed to the steerable drive tire.

4. The steering apparatus according to claim 3,
wherein a four-bar trapezoidal steering geometry from the
guide frame to the first steerable drive tire is defined
by:

5 a) the guide frame virtual link from the guide
frame pivot point to the adjustable pivot attached on the
guide frame; |

b) the steering tie rod from the guide frame

_ virtual link pivotally attached to a steering lever;

10 c) the steering lever from the steering tie rod
and fixed to the first steerable drive tire; and

d) a drive tire wvirtual 1link from the first

Steerable drive tire to the guide frame pivot point.

THIS SHEET HAS_ BEEN
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a second drag link lever and the second drag link lever is fixed to the
second steerabl e wheel such that notion of the guide frame is. translated
to the first steerable drive tire and then to the second steerable drive
tire. 6. The steering apparatus according to claim2, wherein there are
mul tipl e adjwowishsd pi vot | ocations on the guide frame andP@HESOAOEAT hment
of the steering tie rod first end to one of those pivots defines the
radial length 5 of the guide franme virtual link. 7. The steering apparatus
according to claim2, wherein the guide frame virtual |ink has three
distinct radial lengths with one |length to anplify the notion of the

| i nkage to produce an adjusted steering angle which is the 5 sumof the

neutral steering angle angd thq&ogeeeﬁﬁﬁv\%%ﬁaaaeﬁ@,a@o&a@agdcd adiak 4 ength
to produce an. ﬁf__‘d\# usi,tf ed steeri n(% aggl e which esqéjealfsa tlr;_e eutr |, st eeréeng
angle and a t Mt GPPRAEEN PO S ofUCE an a TS Sd RS i i
which is the divHersircea bbineendrde hinit rkavest der ifdgedn§be theOsarerine
\cM?rmensaE ihon a[ﬂgé\f'er &t Eh?i%eeéwgaﬁﬁp@a&gwfmm? dichgdt o & @%rﬁbll:'gﬂc oh

erein the actuataor mounted uppn the guide.fyane has .a..novable rod w
an adj ustabl e gtvot ,evﬁ‘\%?cﬁ?cﬂ ﬁrﬁjg r%‘t? r?%fl’lg gén{ﬁoﬁ % orad Y éﬁgaﬁﬁ‘ﬁ‘ﬁ& of
di fferent posita cvecanterdiag 3 ipkokeuengarttheusBepndfdragiildink dayehsisf or
B B?ngggepfc_rr ?Bgfojb:;’é% tttbglthlgi 9%.:0;[&1!_&&91#%5&%&5&& that R&Eﬂ-i%@EglfV@e o

. _The steeri apparat u r di o.claim8,

wherei n the actStt ‘?3’%61?“5 381 ﬁ%ril?jl.eaetﬁj{.]g‘fhgggt’%é:r.si%nggga%rp%%qﬁlts? XEcHd ng to
claim8, whereaindttHendudste sesondpabaprable §odvei bhee: 11. The steering

apparatus according to claim1, - wherein the actuator fails in a, position

wher e the compensation angle ks ZeL:: 4 pl1f. 8l # Ul AT RRBAALYS;RCLOM T N

wherein there are multiple adjustable pivot locations on
the guide frame and the attachment of the steering tie rod
first end to one of those pivots defines the radial length

5 of the guide frame virtual link.

7. The steering apparatus according to claim 2,
wherein the guide frame wvirtual link has three distinct
radial lengths with one length to amplify the motion of the
linkage to produce an adjusted steering angle which is the

5 sum of the neutral steering angle and the compensaticn
angle, a second radial length to produce an adjusted
steering angle which equals the neutral steering angle and
a third radial length to produce an adjusted steering angle
which is the difference between the neutral steering angle

10 and the compensation angle.

8. The steering apparatus according to claim 1,

wherein the actuator mounted upon the guide frame has a

movable rod with an adjustable pivot, wherein the rod may

be positioned at any number of different positions thereby

5 providing any number of radial lengths for the guide frame

[

virtual link.
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wherein the linkage is arranged to provide an Ackermann steering
arrangement between the first and second steerable drive tires when the.-
steering linkage is in the neutral " steering angle. 13. The steering )
apparatus according to claim1l, wherein the guide rail is arail -

protruding from gui deway and the guide frane has four ssal'ly
nount ed guYﬁHmFiggs whi ch straddl e and orient the guide f?é%gaﬁ&grgtive to
the guide rail. 14. The steering apparatus according to claim1l, wherein
the guide rail is a guideway wall on each side of the guideway and the
guide frane has at least two outwardly protruding guide tires on each side
of the frame which contact the guideway wall and orient the guide frane

relative to the guideyay. .43 Ihe. £leeii0aeRRARNS;AECAS dhdd f g claim 1

wherein the steering Tinkage and act Or are associated wth a Steerable
drive tire whezefprobhe iislatessdfbfySetend¥e vehicle and further including
a second steering linkage and a -second actuator associated with a second

t bl dri ti | . THI S
; HEE'rl'aHAg BErE:\IV%EP:_,rA\e N afLar 1066 233eaPhyY Rlcdrhenyelt A1@inl g,

wherein the actuator is a pneumatic positioner.

11. The steering apparatus according to claim 1,
wherein the actuator fails in a, position where the

compensation angle is zero.

12. The steering apparatus according to claim 1,
wherein the linkage is arranged to provide an Ackermann
steering arrangement between the first and second steerable
drive tires when the steering linkage is in the neutral

steering angle.

13. The steering apparatus according to claim 1,
wherein the. guide rail is a rail protruding from the
guideway and the guide frame has four symmetrically mounted
guide tires which straddle and orient the guide frame

relative to the guide rail.

14. The steering apparatus according to claim 1,
wherein the guide rail is a guideway wall on each side of
the guideway and the guide frame has at least two outwardly
protruding guide tires on each side of the frame which
contact the guideway wall and orient the guide £frame

relative to the guideway.

15. The steering apparatus according to claim 1
wherein the steering linkage and actuator are associated
with a steerable drive tire on a front wheel assembly of
the vehicle and further including a second steering linkage
and a-secoﬁd actuator associated with a second steerable

drive tire on a rear whe=l assembly of the vehicle.
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