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- 1 - SPECI FI CATI ON METHOD OF AND APPARATUS FOR
CONTROLLI NG STEERING OF A VEHI CLE 5 Technical Field
The present invention relates to a nmethod of and an
apparatus for controlling steering of a vehicle which
runs on a predetermned track under automatic
steering control 10 by neans of a steering nmechani sm

i ncorporating actuat gpgcriFdicastion i ng front wheel s and
rear wheels in order to prevent the wheels from
com ng off fromthe track. That is, the present

i nvention can carry out fine steering control in

METSRIP i GAtAND 2fpAreeryd oFoRr CONTROLLING OSTHER BIGEOF ny a
vehi cl e being based upon, for exanple, a course along
vERMEIE the vehicle should run, and which have been
conputed or stored in nmenory, and feed-back contro
for steering the vehicle along, for exanple, a guide
path, being bases upon signals fromthe guide path
TechindecaR FBakkground Art Conventionally, a new

transportation systemin which a vehicle run

pr ed@her ﬁrﬁ@&ntt:] dew B IR RGIRFST Jihet T i an
rryin ' i
v tun 5 LR gn PRSP Rk ) o
SR S O L e
byeheééglg@ya steering mechanism incorporating actuators
for steering front wheels and rear wheels in order to
prevent the wheels from coming off from the track. That
is, the present invention can carry out fine steering
control in combination of feed-forward control for
steering a vehicle being based upon, for example, a course
along which the vehicle should run, and which have been
computed or stored in memory, and feed-back control for
steering the vehicle along, for example, a guide path,
being bases upon signals from the guide path side.
Background Art

Conventionally, a new transportation system in
which a vehicle runs on a predetermined track by rotating
rubber tire wheels carrying the vehicle body, incorporates,
in general, a steering unit for turning the rubber tire
wheels serving as running wheels along a predetermined
track, different from a rail Way vehicle which runs on a

railway.
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- 2 Patent Docunent 1 (Japanese Uility Mode

Lai d-Open No. 05-8613) discloses a steering unit of

t he above- nentioned kind in which val ues of nmagnetic
fields produced froma guide cable |aid al ong a guide
path are detected by 5 a pair of left and right
magneti c sensors incorporated in a running vehicle so

as tpaeefiRUbBcaméaktue Qagankabi ORi0fi tyt Nedednnaig-oOpen
vehicle fromoutput values therefromin order to
No .Stosers a1 \@EHdlesdsn aa stidgeatinigrmunit Wi cithd febored-ue of
deviation is decreased, thereby to run the vehicle
mendliengd Kirnddguihdehpatdiuedowesy erqgnatal stitielidyy produced
control with the use of such feed-back control that a
frowalauguifded@atdts draist adopshieclanidg tatlearetdateqtnd by
gui de cable is conputed so as to steer the wheels in,
a paidi ofctliedit iandumight madpatie senransdingpapprated in

decr eased, cannot follow up, by itself alone, high
a TPEIRY HRRIRL a5 3 1P SPIRNES, & /A Yl iR S b OF

80 Kmas in the new transpartation syste and.
theagé’é‘rndi%l‘ﬂﬁhlcc :}é:%Lﬂ“&FE’g: SRUHSE a‘x}?%eglfor%alpnab?%der
of carr

o B g S S S 8, S o o

e axles of ront

dev?.h%giiro?lgriswheeeérseaﬁsgéq, ft@léfé\%gﬁ qf?e% thife SARLdRE UStong

, a runni ocus ¢ set wmthin a
th rg%qh Jg¢ped range of left and right displacenents.
Fdrt her, Patent Docunent 2 (Japanese Patent Laid- 25

Openubgeve@01tR43933krdngCkosesoa Stiedr ithe ©eet bd such

unit for a vehicle, which carries out steering
fecd®HddN doartl that a value of deviation of a vehicle
with respect to the guide cable is computed so as to steer
the wheels in a direction in which the value of deviation
is decreased, cannot follow up, by itself alone, high
speed running at a high speed up to a maximum speed of 80
Km as in the new transportation system, and accordingly,
there would be caused a risk incapable of carrying out
such fine steering control that the positions of the
centers of the axles of the front and rear wheels can
follow one and the same locus, that is, a running locus
can be set within a predetermined range of left and right
displacements.

Further, Patent Document 2 (Japanese Patent Laid-

Open No. 2001-243033) discloses a steering control unit

for a vehicle, which carries out steering control for a

running vehicle without using a desired control value
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runni ng vehicle wi thout using a desired control value
- 3 based upon a predeterm ned course configuration.
This steering control unit detects nagnetic narkers
arranged on a course white3detecting a running
di stance of the vehicle, and a position of the
vehicle froma GPS or a track-and 5 vehicle
baddd QiR D ESdE O8rRinédecdikee S6nASgliPaesdbh L Chids
course along which the vehicle should travel in view
stedriidecqosiél oDt @etletesteadgnat kermppRetrsoarranged on
thereby to carry out the steering control being based
a aponsd hehibeisdebsttimyged tonnseg dasiHeweeeof tthe vehicle,
course estimating neans should carry out conplicated
and¢ aneest tiorn Wi htike | velgiebapfremi anGPEner ahtrack-and-
curse should be estimted at several positions, there
velyielel et eeeannient ioprobl Ehet hikea Faspdnte epedpate
under control delays. Further, since onléye e .front 15

a GRS %&%P%t%%t%@ t%%cﬁe¥+ﬂ%ec%ﬂ?96ﬂ th hin view ot
osit t f_the f d
th?w@%’rﬂ?p St (S EaEeS rorkeh nps ShboBnathRECRYLES
t h h
cod B 08 L e S5 524 PG ool BePhoEhp Bpoe

es {h%&§QVéguf%gaM/angle 20 Thus, al though the
S

Ity can be enhanced, no fine control for

al | oW R idie Red tdd?ﬁssé)feéﬂl@naﬁ?rﬂgfrn%éﬁs t&oufd Wlrry
and rear wheel axles to substantially follow one and

out NCorsIECA 86l ScHp €a PLoR bl eth 0Oa beonigdeorpaBatNlohheime
case of four wheel steering since both control for

while 4 rents@5shéwerd sbandstmatell abrséherataposhetbss,

i nfl uence upon each
there would be caused such a problem that a response speed
under control delays. Further, since only the front
wheels are steered, such fine control that the positions
of the centers of the front and rear wheel axles can
substantially follow up one and the seam locus cannot be
carried out. Further, the steering control is based upon
an equation of vehicle motion in view of a yaw angle.
Thus, although the stability can be enhanced, no fine
control for allowing the positions of the centers of the
front and rear wheel axles to substantially follow one and
the same locus would be able to be made even in the case
of four wheel steering since both control for the front
wheels and control for the rear wheels influence upon each

other.

Further, since the discrete detection of track-
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other. Further, since the discrete detection of track
- 4 wdthw se positions fromthe nagnetic markers
causes acquirement of terms for updating a contro
instruction value to be di%dcrete, there would be
caused such a risk incapable of carrying out fine
control for allowing the 5 positions of the front and

wid@aFi s esds fed &iss torsbstanbaghd vid chaewery eaesead
the same | ocus. Should the fine control for allow ng

acddierdmsit i st Hfmd heoranp@isingfa tdentront instrueaton
wheel axles to substantially follow up one and the
valassTetd aesisitscienmpossildre whel dirbhe ecd@sednsoch adi Tisk
woul d be deteriorated, and as a result, it 1is
incagpb e b ff ccamcyiges couhef inelttontrehef o¥ agklowhng, the
there woul d be caused a probl em of i ncreasing
possigrismrsicaf orhe cosent amd gl i weerl sle®ekOprevi ously
proposed a track 15 type transportation system. for
SURRIATYIELLY £t Oh P Qs e FhesSHRe alpridet st

track, incorporatin st ee ingpuni
t

X f
it To) SRy R TARt 1085 oF  Ehp ccgpters
t he vehic f il-
of r%%feﬁ%fm rapd pl?"%?i‘%ﬁ‘ff?% Auiee] fo Qs fantBal 19208110
(0] [0} e i i
up Yl R SARE 1 SUED, BaOHBoLOPp Y] OPHE | drabecr! N

co%‘%ﬁ%}l_i&f W S &SR r16+-4e LRE nalh\l@% a$ 09%39@'1284) it

_ be herelnbe!OM/nade of the trac
is YRR iFSDSROT{dd+ e SHisd e gt copselle | frabR. Patans,

Docunment 3 with reference

there would be caused a problem of increasing construction
costs.

The applicant has been previously proposed a track
type transportation system for vehicles, in which a
vehicle runs on a predetermined track, incorporating a
steering unit for automatically steering the front and
rear wheels of the vehicle by means of actuators, and a
fail-safe mechanism for preventing the vehicle from coming
off from the track even though the automatic steering
system becomes malfunctioning (refer to Patent Document,
Japanese Patent Laid-Open No. 2006-306334). Explanation
will be hereinbelow made of the track type transportation
system disclosed in the Patent Document 3 with reference
to Figs. 7, 8a and 8b.

As shown in Figs. 7, 8a and 8b, the vehicle 012

incorporating the track type transportation system 010
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25 to Figs. 7, 8a and 8b. As shown in Figs. 7, 8a and
8b, the vehicle 012 incorporating the track type
transportation system 010 - 5 runs along a track 01
whi ch includes a U-1ike sec®ional shape protecting
track 014 laid at a substantially center of the track
01 and having a channel -1i ke shape with respect to a

rudPLa sy faae-d516. 0 Tt 4¢H | kec Bedés onal - Bile@esdctional
protecting track 014 is fornmed by laying a U-Ilike

shagwpltesiian) .trhdk o4 ikerd HOgh estiiStamtialipacenter
wheel bogie (which is not shown) for carrying the

of wid dlmadKl D laramd freowimbeda witkenmeht hikdéeshapée cvith
respectively in the front 10 and rear parts of the

respett|te Gl Xodthesdrfane Whekel g d5-1ikes dectimpaleghape
thereto with an axle 044 for front wheels 018, which

proteqtinefigrackitin abst £eemed g ey Fhe-liken¢hannel

wheel s 18 are nmounted thereon with core type tires
steplp. The rear wheel bogie is also nounted thereto with

0% B e B i
dth i .
oL B T £ SRR O S e
o T gl nd et 0 9L i 020 e

an&%&xﬂ%ﬂﬂ&%@%ﬁé‘%é&?éléﬁ?ﬁi? Ofre SHxbht wHddl lgies
to that on the front wheel 018 side. As shown in
0161195 molun &8 b8 o WEHE & CaPIOVOLLIfor front wheels
018, which is therefore pivotable left and right. The
front wheels 18 are mounted thereon with core type tires
020. The rear wheel bogie is also mounted thereto with an
axle for rear wheels 022 which is not shown and which is
pivotable, left and right. The rear wheels 022 are also
mounted thereon with core type rubber tires 020, similar
to the front wheels 018.

Next, explanation will be made of the steering unit,
focusing on the front wheels 018 side. It is noted the
configuration on the rear wheels 022 side is similar to
that on the front wheel 018 side.

As shown in Figs. 7, 8a and 8b, there are provided
a front steering arm 028a coupled to a front left wheel
018b and extending forward, and a rear steering arm 030a

extending rearward. Further, there is provided a rear

steering 030b extending rearward and connected to a front
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a front steering arm 028a coupled to a front |eft
wheel 25 018b and extending forward, and a rear
steering arm 030a extending rearward. Further, there
is provided a rear steerting 030b extendi ng rearward
and connected to a front - 6 right wheel 018a. Atie
rod 032 is laid between the rear end parts of the

rigHte WL & 78 03Qa.+ 1@3QR 41 @32t He nedld pMisRleh tAtrear
I's, the steering arns 030a, 030b and the tie rod 032

end@gartd dpbine cotgd ©thd tlas o Pederodyp esnstid fear

spherical joints 034. Further, a novable rod 038 from

whetl ACtHI{0ri H36ches sﬂéﬁx&trﬁgbla/rmmm, a30h samdetlendtie
part to the front end part of the front steering arm

rod 282 Hreretsatdbly cpiEtedato jenci OHer The means of
above-nentioned actuator 036 is 10 nounted to the

spemimaiwipeint 134 016. The actuator 036 may be
conposed of, for exanple, a notor and a ball screw
rrechgnnr;tmeas a gwyebiliec Todr O3BuEE OMHERe REtUATeET @ 36ayis

used any neans for carrying out translationa

rotrﬁaft%w cqHed At Mt ARe RGPt The sEFeRt end
d | 15 t t.h tuat o
pariy (o] et RIS 19 G I A ST JANS (Bhi3 ng ar ms
03Qa, .030h

tu so caIIe
Sphﬁﬁ?‘éj%rﬁr?%a aiud Er)?/lpe tgl-mnser% gtuator 036 is

r

mo G s &%Vfﬁ%%l.ﬁ% u% I R R D
may ¥d d@ﬁ&%sé&-%@n%éf‘%xéxﬁggﬂg V@%ﬁét@é%@f@ palkKesbrew

together by the tie rod as to surely steer the
mediRfi s e iPHpediel & structure. However, there may be
used any means for carrying out translational motion, such
as a pneumatic or hydraulic servo cylinder or a linear
motor as the actuator.

It is noted that the tie rod 032 and the rear
steering arms 030a, 030b constitute the so-called
Ackermann-Jeantaud type link mechanism for appropriately
controlling a turn angle of the left and right wheels
during turning, and further, the left wheel 018 and the
light wheel 018a are linked together by the tie rod 032 so
as to surely steer the left and right wheels.

Next, explanation will be made of the fail-safe
mechanism. The fail safe mechanism 011 is composed of a
protection arm 042 mounted thereto with protection wheels

040, and a protection track 014. The protection wheels

042 are cylindrical and are rotatably supported to the
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Next, explanation will be nade of the fail-safe
mechani sm The fail safe nechanism 011l is conposed of
a 25 protection arm 042 nounted thereto with
protection wheels 040, armd & protection track 014. The
protection wheels 042 are cylindrical and are
rotatably supported to the - 7 |ower surface side of

1owdie SUHR I PHArdr Odee iprdtectigtarmnol et €fél front
parts thereof. Further, the protection wheels 040 are

and N&eit ashd pdies WHddeoHr ofFerither,t aek pibtectdrth ar e
arranged so that their peripheral surfaces are 5 faced
whédl d il edite aimkerghd iwal tlse (U4hiké phetpcbient kvack 014,
track 014. The protection wheels 040 are desirably
andreadee axfranggdhaae thidhbethedn @edipheyml ysurfaces are

vi bration-resi stant and wear-resistant, a material
faged rigp atha dedfheand i it wallsRl4a v f ekagppEotegtion

rubber tire, or the like. 10 _Further, the ap et wee
trqqﬁeQﬁ%ﬁegﬁﬁo@rﬂﬁéﬁtlﬁﬁoWh@ﬁ&SeQﬁQ:ﬁ?ﬁ34&§i a“l:’ﬁd13

the protection track 014 is, smaller than an all owabl e
ot PaATE VIS i eh o oSl SFEtR et Roh TeflFHRE dna

eft and right_further re, and ccordingl v, . the.

Weab‘?'o’fee%]tsrqtoquaheaelga%l%go Sojtn%afkesg%% ac%fgéyr\}ml'%ﬁ the
used! e np e S'éjcfr VQ' oA 0% A8 [ b agnd Npix St eering

nechani sm nor na he gap between the protecting

WheelFu?c%@le@?d thia® ?O%%We% AL 1 Q4 dtSi ot lwhddl 040

general 1n a rangé from80 to 100 mm The protection
an@ B & ide Q4 ENGPLA Noft hene ot OF @t £ Lishh Netaclk recs i 08

of the vehicle with the center part thereof being
smd Dl alan sAipprieshb e thendowes wiatdh ofhé heehicle 012
should not be turned left and right further more, and
accordingly, the protection wheels 040 do not make contact
with the left and right side walls 0l4a as far as the
steering mechanism is normal. The gap between the
protecting wheel 040 and the protection track 014 is set
in general in a range from 80 to 100 mm.

The protection arm 042 is extended in the
longitudinal direction of the vehicle with the center part
thereof being rotatably supported to the lower part of the
axle 044 of the front wheels 018.

It is noted that the protection wheels has such a
height that it may be located above the road surface 015
as shown in Fig. 8a but it may be located below the road

surface 015 as shown in Fig. 8b. Thus, there can be

selected a structure which can be adapted for the existing
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axl e 044 of the front wheels 018. It is noted that the
protection wheels has such a height that it nmay be

| ocat ed above the road surface 015 25 as shown in
Fig. 8a but it may be |ocat®d bel ow the road surface
015 as shown in Fig. 8b. Thus, there can be selected
a structure which can be adapted for the existing - 8

runtdy ddidah ivied &% of regridatat Hpeadiotiddiain Othat
that” is, nore flexible adaptation can be made. The

is ,PhRiree i1k il Qdfaptateiciplcxh ive thedevi cinity of one
end part thereof to the front end part of the front 5
st eerhagpabie82&ant Armugh 2t he icoupleddiiar Lhef vacinilty
rod 046. The link rod 046 and the protecting arm 042
of ane exghffianir dhegeals to Wig dnontheent akt 9y Wredreont
040 in the sanme direction as the steered direction of
stetehceirtg @nm 0Afse|thrprmh therHa e dir hethahi sk scod
osed of the actuator 036, the novable rod 038,
046the heohidnk: ged é5aﬁP§2§§eaP§°tFﬁ§1P@aPr?tQé?lﬁ§ ar ms
030a, 030b, and the |ink chanism_Jis ¢ i he
congiginad P A ion SR G (AP SARE LR LY (He
ront s eerln arm Q28a |s [ OVI
thelﬁf“ﬁb‘i GG Jléghqﬁé égfé%fﬂﬁgéé{&%ék) '?hg €§§%§1
wh 92 . .part of the anabIe rod 038 of the actuator
i's coupled to the front end part of the front

Stee@hggsaééghgasﬁebﬂaﬁﬁgﬂ 3 sCRgiplsed biFatneh@:tdator
over | apped one “upon another with each other. Wth the

oseusﬁ:ﬁéf rda RO we 2 & IB Nt e e shot b e i ey | vkl 0284 ndnd
050, it is possible to

the rear steering arms 030a, 030b, and the link mechanism

is composed of the protection arm 042 and the link rod 046.

Further, the front steering arm 028a is provided in
its front end part with a double spherical joint 050 with
which one end part of the movable rod 038 of the actuator
036 is coupled to the front end part of the front steering
arm 028a in such a condition that they are overlapped one
upon another with each other. With the use of the above-
mentioned double spherical joint 050, it is possible to
effectively use a space.

In the steering mechanism having the above-
mentioned configuration, on the basis of a ground position
signal (ground position data) and vehicle position data,
which are inputted to a control means 082 shown in Fig. 7,

the control means 082 delivers a steering instruction

signal. Thus, the actuator 036 is operated in response to
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effectively use a space. In the steering nechani sm
havi ng the above- nentioned configuration, on the
basis of a ground position signal (ground position
data) and vehicle position ¥ata, 25 which are inputted
to a control means 082 shown in Fig. 7, the contro
means 082 delivers a steering instruction signal.

thd @éeefmg atiget bt 03P 4 SgoREr aied 48c6L8DRGSE, t Bhe 9
the steering instruction signal, and accordingly, the

actisd tist 0036 ot s €5 StSdLBig nﬂof@é Ceot Bhéherbnonleft
|l eft wheel 018b so as to transmt the steering force

whdeDno1dwe sdé radttstesdnsai arthd28be¢ninpeforae Sremrihg
arm 030a, and 5 then to the front right wheel 018 by
frowy sfedtingiarm R8s Fhethear sheesivgranyg PdPee and
fromthe actuator 036 is also transmtted fromthe
theloubd ethpheroral righhiviosel t 18 t e yevt eEt Fhg hit ad
by way of the link rod 046, and 10 accordingly, the
03%rotection wheels 040 are al so aned in association
with the notion of the actuator 6 so

i eV 1 A SR Jf%tt%rs AT 036
1 T h ]
R Cu o e AT S S ST
{ 5
th‘% Bidteartnd\an (W ¥ 'n%f ng%ﬁiﬁféﬁf 9§dp6%e°5‘*‘ag

acé@%éac§i%fF% f&fécf&&%e&ﬁééﬂsmb@§l§r@49138kﬁoved in

cont si de 0l4a of the protecting
as%éf@%tﬁgﬁ'wﬂ@@rﬁﬁétﬁ%tl&ﬂeofsiﬁéra6€u5¥o£h6360§6ah9rto

Is released so as to nake the
be directed in the same direction as that of the front
wheels 018. Thus, the protection wheels 040 are moved
together with the running vehicle without making contact
with the side walls 0l4a of the protecting track 014.

When the steering mechanism is malfunctioning, the
protecting wheels 040 make contact with the side walls
0l4a of the protecting track 014. Thereafter, the
steering by the actuator 036 is released so as to make the
automatic steering mechanism free, and accordingly, the
front wheels 018 can be turned in response to the motion
of the protection arm 042 along the side walls of the
protecting track 014 in order to steer the vehicle 012.

With the configuration of the above-mentioned fail-
safe mechanism 011, the vehicle can be safely protected so

as to surely transport the passengers even though the

automatic steering mechanism fails and so forth, thereby
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20 automatic steering nechanismfree, and accordingly,
the front wheels 018 can be turned in response to the
notion of the protection arm 042 along the side walls
of the protecting track-018 irn order to steer the
vehicle 012. Wth the configuration of the
above-nentioned fail- 25 safe nechani sm 011, the

it Mehigd iGN e s alde K OB S ASrd Diswi ety .
transport the passengers even though the automatic

st eeThngheeghasirs gl @iylst efindise liowreid int ftveePatentO

it is possible to ensure a safety and a reliability.
Dodumdrte 3t aftd Myatstam disat ogese 19 ¢ehetiRateshiicle are

Docunent 3, the front and rear wheels of the vehicle
autama t ingldipts tedted deaeneahHyofreting aftudiconstimterder

in order 5 to guide the vehicle so that the vehicle
to ganideo|thmy vghiclelan rideat udre iiehiele . capweRLIov tHerd

woul d be possibly caused such a problemthat the
desjigfid |RIEI Gt aCYs omHeVeyedi r ddrarse YOG &G MosHIRlY

the line connectiqg het ween _%%f,cent rs. of the axles

restt % f

caysreqd G HREIRACT it P 9 %Y%%t?ﬁ_ e @

cosfilid i TAEPLREELAY T PR 0 veen
surface t i tatl . f

e AN SRATE o et e i laditrcar

bodf%t§r@|?{£ ﬁ@ﬁﬁ% f, roah § Usd 8&a P dit & ORrsanSe Pam @

rain in order to precisely determ ne

iniWigiingfod heioniehi d+i d ©l 19 \Vsak Pi R SeSdF Efuntig Ngrack

locus 'or not, it is required to precisely neasure a
surdidait ef sl fxe o dieVi geavitational center of the
vehicle, vibration during running, a crosswind, a tire
internal pressure, a road surface condition cause by a
rain fall).

Thus, in order to precisely determine whether the

vehicle follows up a desired running locus or not, it is

required to precisely measure a deviated value widthwise

of the track.

Disclosure of the Invention

The present invention has been devised in view of
the above-mentioned problems inherent to the conventional
technology, and accordingly, one object of the present
invention is to provide an automatic steering mechanism
for a track type transportation system as stated above, in

combination of the above-mentioned feed-back control and
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of the track. 20 Disclosure of the Invention The
present invention has been devised in view of the
above-nenti oned problens i nherent to the conventiona

t echnol ogy, and accordi ngl Y41 one object of the present
25 invention is to provide an automatic steering
mechani sm for a track type transportation system as

fe&d ot SfvaB@VEontFol COFDENayh O8h 04 Ki8beveanertih 0ngdboth
f eed-back control and - 11 feed-forward control, wth

foWdtd &nd eré&wat@moviément Hpt dndfwhiakh dcandcaeaywand
nmovenents, and which can carry out such steering
suciond te@drimatcéierpbsthavnshef posettens eof bthe tépters of
axles of the running front and rear wheels can 5
the urstent 04l tiye f olhwin g pf oeet aawid t heasawkeebgusaduri ng
forward or backward novenent of the vehicle. In order
subst ekl ally tfel bowver nene | aredtie aeme lagusr avhgngo
t he $resent invention, there is provided a steering
fopEd oPT MAFSIRFSmeveReRtl o Fhe whtkkClfe front 10
and rear eel s of _ga vehicle are autoq&tlc l%ﬁﬁgé¥¥ed

by r&afE at°sta€éF1erYlg“— i TS0t |

act uat or t t he. vehi gl . .
ccdFHEhE! T e pbert LENGADELYE FhEch 248 BrB0stea
stdd '555@%5&u¢é%ﬁ#§tf$f'ng@ﬂﬂéfeta?+ewﬂﬂcﬂh£ﬁg f%ént

pattern angles tof front and rear wheels are |isted at

and SSPSF & CHaNECa PRLRL PO LRE éﬁ@&ﬁaffe&iﬁ%’gﬁeéfed by

track condition, a running condition and a vehicle
me&bt | HNsteering mechanism incorporating actuators so

as to allow the vehicle to run on a predetermined locus,
comprising the steps of

preparing a pattern steering angle table on which
pattern angles for front and rear wheels are listed at
respective change point on the track in view of a track
condition, a running condition and a vehicle condition,
from a departure point to a destination point, so as to
steer the vehicle, being based upon a pattern steering
angle which is read from the table, at every change point
while a running distance from the departure point is
detected, and

detecting a position of the vehicle, widthwise of
the track, and calculating a correcting steering angle by
which the position of the vehicle widthwise of the track
coincides with a desired position,

adding the correcting steering angle to the above-
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froma departure point to a destination point, so as
to steer the vehicle, being based upon a pattern
steering 20 angle which is read fromthe table, at
every change point while a2running distance fromthe
departure point is detected, and detecting a position
of the vehicle, widthwi se of the track, and

mefAl FHE NG A if YOGty SIGRE I §@ @0tE Eylcbatédigh
the position of the vehicle wi dthw se of the track

desHQidE igiReMid) ahdglesif@f Poséiting, tieeldinont hend rear
correcting steering angle to the above - 12 nentioned

wheslld @m dsgamigy andie siesikred sheerdng camglelesamad
steering angle for steering the front and rear wheels
i n respondettiogt thedpeitted nstsd@amigamgiod.e .artdre
calculating the pattern steering angle, the 5

comysataatd raf erniard mpekry| andnthe egksed eyt ey nale
angle for each of the front and rear wheels

for masierrferine iRah AN TEAFURHRES - ARIPREPLLED t he
present invention, there is provided a steerin

thexghetdle&par atus for a vehicle, by 10 which ag

vehi ¢l e . runs al ong .a _predetermned tr.a [
i nco%ﬁaﬁ:gf’g'aagf’g% RGeS ?rﬁefsgﬁntaﬁt%af_r?arﬁq'é)\ﬁj'l y ere
is }@treo%;ﬂ 4 os@ee%ﬂﬂgp# X nheE! ég 1368 VESE Ch 6,01 BB&NShy
actuators, co i'sing: a start preparation neans
%Fé%lec,olfé A Y PSSy "B PSe A0 e ShLAE AT HAGK &1 Fnd
I'stance froma 15 departure point to a destination
whiRl Nincrgddfte @¥iddPihg Medhd i £6NTALLORatiEaBly
vehicle condition, and a
steering front and rear wheels of the vehicle by means of

whi

actuators, comprising: a start preparation means composed
of: a storage means for storing therein a distance from a
departure point to a destination point, a track condition,
a running condition and a vehicle condition, and a
computation means for computing pattern steering angles of
front and rear wheels at respective change points on the
track, from data stored in the storing means, so as to
create a pattern steering angle table and a on-running
steering control means including: a means for detecting a
track widthwise position of the vehicle, a distance
detecting means for detecting a distance from the
departure point, a computating means receiving steering
angle data from the pattern steering angle table, distant
data from the distance detecting means, for calculating a

pattern steering angle at an arbitrary running ground
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conput ati on nmeans for conputing pattern steering
angles of front and rear wheels at respective change
points on the track, fromdata stored in the storing
means, so as to 20 create d3pattern steering angle
table and a on-running steering control neans

i ncluding: a neans for detecting a track w dthw se

poi108] tadd £1sd NBed&N LhE. vén k5 ap661it d6heahtAEFBANEhe
for detecting a distance fromthe departure point, a

veEDEaIt5d & DL O adSt E CEEM ¥ | Mga s fefongcabcangt endaha
fromthe pattern steering angle table, distant data
cofremimng shieséahce awgbetwihthnelahcsh fbhe tracklwidhhwase
pattern steering angle at an arbitrary running ground
position pof nthe aneh ¢ k® cetr¢idagwithi gl depbsedi pasdbian,
fromthe vehicle position detecting neans, for
an¢ s} ceHRltT oy mearwrfeet¢ortsebbinggthagretuwptarahieh
the track w dthwi se position of the vehicle coincide
acq@Edance|s¢l FR dthR shat 6o sSERRr ing oRR gL ABAntNEor
contrpllirﬁkéhe actuators | accordance with t
%c%

COTTREEIDI sTERETHYP aTRY L o ‘tr’]%%?t% rP Pﬁgcg?'elé???ﬂg
e 378, SHAEHEEL 60 P bR EREP e Po FeRSe JATDER O 8 o
cadd W AN ££8¢ WSE! Sead HBENIONL ndDoLRRLRPE! VEEN.

cor ding present 1 nventl on, ore starting,

thé#?h d&tn steering angles for the front and rear
eé?§$

aré cal cul ated at respective change points (a
changRRWAiMtg fd oFR& Stéaé8Pt ihiyBAtE6n2 beZdge! isUarting,

curve, further a 15 change point turned into a curve,
thlpat €sryessderii@nandibes for the front and rear wheels
are calculated at respective change points (a change point
from a straight line to a transition curve, further a
change point turned into a curve, or vice versa) from the
previous known conditions including a track condition (the
presence of straight lines and curves, the presence of
cants or slopes and the like) from a departure point (for
example, each stop station on each track) to a destination
point (for example, a next stop station) and a vehicle
condition (a wheel base (a distance between center axes of
the front and rear wheels), a vehicle weight, vehicle
dimensions, tire characteristics and the like), and the
pattern steering angle table which exhibits thereon the
pattern steering angles at the respective change points is

prepared. Further, the vehicle is steered at each change

point in accordance with the pattern steering angle at
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previ ous known conditions including a track condition
(the presence of straight |ines and curves, the
presence of cants or slopes and the like) froma
departure point (for exandlde,- each stop station on
each track) to a destination 20 point (for exanple, a
next stop station) and a vehicle condition (a whee
thRASfHf di stance between center axes of the front and
rear wheels), a vehicle weight, vehicle dinensions,

tirenekaragher itslicks walatiWiesd igeitiaid dfhethepatditidie
steering angle table which exhibits thereon the 25
on PAirdreiy steald tecttad) echent 4 heorespethgvetednige angle
points is prepared. Further, the vehicle is steered
witdi wdaicth ditengeraqioiwitd thwibse gposhtion 0f the pelbietra
steering angle at - 14 - this point. Next, the track
coimgiides seitfos tdemindd thesieior| bs onlewhated.jand is
detected, then a correcting steering angle wth which
thethadded Ko din Rkt 9o sTprbrdt prIYenFe| @ssto obtain a
coincides with a desired position is calculaied, and

degigeq pheelfid P the TRF t2FeCEIRE FRG YARLE €0t s to
bt ai / ired st ' | f t j he.. .
acqifares H A A od e orELdg el o ERPPRRY it 1o
ql th by. it.. ' [ t .
ooy L ST 5 S48 e

10ddle Present invention, the on-running steering
control neans are independently provided for the |eft

and neabriieg $o TP PHdERltY i rdFtch AP AN oh - #dithing

pattern steering angle, the correcting steering angle
stéﬁﬁing control means are independently provided for the
left and rear wheels, respectively, and accordingly, the
pattern steering angle, the correcting steering angle and
the desired steering angle are calculated for each of the
front and rear wheels, independent from each other. Thus,
the vehicle can run in both forward and rearward
directions, and fine steering control can be made so that
the positions of the centers of the front and rear wheel
axles can substantially follow up one and the same locus
during forward or rearward movement.

The pattern steering angle on a curved track can be
computed from a sum of or a difference between a geometric
steering angle obtained from a radius of curvature of a
curved track and the wheel base of the vehicle, and a slip

angle caused by tires affected by a curve passing speed of

the vehicle and a cant.
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15 the desired steering angle are cal cul ated for each
of the front and rear wheels, independent from each
ot her. Thus, the vehicle can run in both forward and
rearward directions, and LPne steering control can be
made so that the positions of the centers of the
front and rear wheel 20 axles can substantially follow

up ofg 2Rd MBensAMBCRESngditol el Rireake tor nveAltiand
novenent. The pattern steering angle on a curved track

thet @i indd it He aleparstiupefpaini b fdastense tied ween
a geonetric steering angle obtained froma radi us of

respgotaitue ehdnge Zoioutrsy exh titec kt ek tiwe odtsEindd ey of
the vehicle, and a slip angle caused by tires

de taEfdtdgted mumbegurofe paasivtiapect of whewsl Vighome | theind
a cant. - 15 |In the nethod according to the present

depantayd @oint He dihg afandges aaie dEphra FSHPRHR to
each of the respective change points on the track is

coe(v&ﬁelﬁ fro?tlhcgbg%ggﬁsjre 0| n?ci ot?t eﬁ!ﬂ?ﬂgm%‘?
sharce i achch i ek PO 7 e TrTETHE it i
A N i b
o) WP SRS TN R UE T Mot Pl i | 608 ufning

bl cﬁc Ory %erdéxoivféﬁ rﬁptoﬁéi_* St At € 'ﬁbt@ﬂé@rd@@é@@ﬁon

worn tires. The known conditions can be classified
erﬂyg\ggﬂgeé|Bgﬂ%dgﬂuhifé§5 including a track condition

whi ch have

The known conditions can be classified between
fixed conditions including a track condition which have
been previously stored in the storage means, and variable
conditions including a vehicle weight and a distance
coefficient detected a last running block and calculated
and confirmed by the computing means. The vehicle weight
is the sum of a dry weight of a vehicle and the total
weight of the passengers, and is confirmed before the
starting at the departure point, and is thereafter (for
example, after doors of the vehicle are closed) detected
from an air suspension (AS) pressure value which is
monitored for notch control or the like.

The distance coefficient is the one with which
detected pulses from a distance pulse sensor is converted

into an actual distance. That is, it exhibit a ratio

between a known distance between a departure point to a
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been previously stored in the storage neans, and

vari able 15 conditions including a vehicle weight and
a distance coefficient detected a |ast running bl ock
and cal cul ated and confird€d-by the conputing neans.
The vehicle weight is the sumof a dry weight of a
vehicle and the total weight of the passengers, and

ded S dd PR G aHdia 20 st@didy wlodibeantepaid ur e
point, and is thereafter (for exanple, after doors of

aidthoehit | th i edlmises)odaiiec tviticH risn et dined by
suspensi on (AS) pressure value which is nonitored for
com@ehimprd rallsy runbdit kiee 1 iRnereali steo etimed istamee i s
the one with which 25 detected pul ses froma di stance
pulmd sermens@nd coonhest tigd thig ocenm ey valock st s, by
That is, it exhibit a ratio between a known di stance
mubEiplasima alaparsermamgmhidetected oy e tdhaEaree poihie
in the last running block and the distance in this
sensami iy FBEIURHITG Rodhtky ndte b3 s tprR e et tetent,
ul se nunber delivered fromthe distanc | se, sensor
a GRiPQR GHLTTRNGR STRRTI HY BOERE LahuStIgheRY 1€ 15

Ltiplyi pul mher d ' i
posiarld o ik PR F dhiite T B EfaDYa i fiEafte! 8F Cfacn

coeffi%[eqé, a detection distance error is corrected,
ruQ?ﬁﬂ%ﬂR/?? is possible to precisely conmpute an actua

di st 3nee af ntA¢ thdNYHag 10 GkveHY L OTHigHt tidd he
t

present I nvention, a pattern 'steering angle along a

stdd AR tzirR_{lé: W Msh P Wetdh 4 €161y efurdd A&t wéén aa curved
straight track may be calculated by linearly
track and a straight track may be calculated by linearly
interpolating the angle of the curved track. Thus, the
track widthwise position of the vehicle can be controlled
not discretely but continuously. Thereby it is possible
to carry out continuous fine control so as to allow the
positions of the centers of the front and rear wheel axels
to substantially follow up one and the same locus.
The correcting steering angle is obtained in such a
way that the product of a deviation between a track
widthwise position of the vehicle and a desired position
and a proportional gain is added to the product of a
derivative gain and a time differential of the deviation,
and in addition to the above-mentioned configuration, the
proportional gain is preferably set so as to be changed
depending upon a vehicle speed, the higher the vehicle

speed, the smaller the proportional gain. Thus, it is
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interpolating the angle of the curved track. Thus, the
track wi dthw se position of the vehicle can be
controlled 15 not discretely but continuously. Thereby
it is possible to carry-odt continuous fine contro
so as to allow the positions of the centers of the
front and rear wheel axels to substantially follow up
pos¥ i AN G-d Ner SBITB KO Ctsrrddite € OF 4 BEd | 61 SHEestogrimgl e
is obtained in such a 20 way that the product of a
andliey i ftd0 bdesveen exddasive Wiihvilse palsidionspded hies
vehicle and a desired position and a proportiona
higlain is added to the product of a derivative gain and
atine differential of the deviation, and in addition
to t Thealboreemtinidoséeeadma gmadiei @f, thiee r2@r wheels is
proportional gain is preferably set so as to be
obtgHmrfe Y depend ¥l ngpohe cerredeingeteeeting pyhke of
the vehicle speed, the smaller the proportional gain.
therHiont (Thaels BF &oGal LG ReEh P THRE doryistediay be

Setuiidh & e Lameh i et FFE FRAFE T bIIEE I &
teering angl e.of, the rear_wheel s i 5 | ned
eI i nd tort Lt g Sl hofhsih S N
ront [ ficlent i b
soeed e, "W Cliaf YL SRR A of RS 20
veH i & eﬂﬁ% eef cPWed Stk tQuaid ﬁre‘!‘f@f‘aﬁj\.}ﬁ MeMMEGEE so
speed 1s lower than the reference speed or en the 10

as WIKd TP Gr M Srkdd ank ddpdrddied alipdh ya

changed so as to be stepwi se or stepless in
cufepantens®e aipairved track as the vehicle speed becomes

farther away from the reference speed). Thus, the
correcting steering angle is set to be small when the
vehicle speed is higher, so that the running stability can
be ensured while o = 1 is set when the vehicle speed is
low or the vehicle runs on the curved track, so that the
steering responsiveness can be increased.

In the present invention, there may be preferably
provided a vehicle weight detecting means from which
detected data is delivered to the computing means in the
start preparation means.

Further, in the present invention, the track
widthwise position detecting means for the vehicle is
mounted on the vehicle, and detects a relative track
widthwise position with respect to a ground structure

which is arranged along the track in a positional
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curvature of a curved track as the vehicle speed
becones farther away fromthe reference speed). Thus,
the correcting steering angle is set to be small when
the 15 vehicle speed is hidBer, so that the running
stability can be ensured while a > 1 is set when the
vehicle speed is |low or the vehicle runs on the

re LA¥ VSR IR CuctS otideta thes 1 S1GETHEDa £ £6H0NS | YREEEEagRNis
be increased. In the present invention, there may be
notreatgddy 20 provided a vehicle weight detecting
means from which detected data is delivered to the
conpFoir @xiamdle i int lae trsickr ttypreefaraats por tregaios system
Further, in the present invention, the track
inoeriidm sngosifiabh- skefeonéchpmbsmscémpose@ 9Ehiicle is
25 nmounted on the vehicle, and detects a relative
pratesiden ditagk elpiudien orhe 1oad ctpekace cof @rbhagk. and
structure which is arranged along the track in a
ProfrGiighafhee sy preyided 1ipieraertl t hareRIGLSi $P oS to
relative to the track js not changed, For ex e, in
trayel fA¥ORY Jhe RERIRTI LT oF et e F’E%‘F%o‘?’%ﬁﬁ‘&lﬁe
fail -saf e nechani sm conposed of 5 pro tion .
po%é%%?%ﬂé?ﬁﬁ??%ﬁﬁi@ﬁﬁ?%c °?ﬁ€%FtY§%k?P%H%§§pé%t%é ﬁg%d 1
ehi . travel
end s B S VAR Bh e FaSi Ry ien 18

loégggdiéﬁﬁégﬁiﬁﬁérgké%gﬁﬁiéﬁrtfiﬁkv§gi&%etaade@§ct track

nmount e _ “l'ower part of the vehicle at a
widashidOmidiftds A 4009k ego WA et beaRd Ot £6ht ORalls

track so as to detect track
of the protection track in order to detect a track
widthwise position of the vehicle.

Thus, with the use of the side walls of the
protection track constituting the fail-safe mechanism, as
reference positions, by detecting distances from the side
walls, the detection of the track widthwise position of
the vehicle can be facilitated. For example, by using a
noncontact type displacement meter as the detecting means,
the accuracy of the detection can be enhanced, and the
problem of abrasion can be eliminated.

According to the present invention, since a pattern
steering angle table for respective change points of the
track, from known conditions before starting of the
vehicle has been prepared, the control of the vehicle as

to a pattern steering angle on running can be readily made

in such a simple way that linear interpolation is carried
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wi dt hwi se distances relative to the left and right
walls of the protection track in order to detect a
track w dthw se position of the vehicle. Thus, with
the use of the side walls &P the 15 protection track
constituting the fail-safe nechanism as reference
positions, by detecting distances fromthe side

out'glith Admiecti®Ontd pherdrmckedbtihog SLgPOStaHDE in
of the vehicle can be facilitated. For exanple, by
acditidithde Wi it aiputy pef da sié eeetbon  srededl agh 1 die
detecting neans, 20 the accuracy of the detection can
exhid igrsh aan akics t ek tffwsom pa o par viralpeasnon darther, the
elimnated. According to the present invention, since
corxauiting rs tenwiard rapake)| &t taesition eapredee vieeadblye
points of the track, fromknown conditions before
obtaximad fg sfievheDxmn VR elomsabedit piephiell, Peftion,
contrqol of the vehicle as to a pattern_steerin angle

and, £an, he RPRRP B ERK | ShokRSPIRE LR EEORE il
Wh%tﬂg?téﬁ‘érﬁserijl Rt T e st Bl o AR ety it
' | . f gt & o

s ST RS b G R A SR R R Bl s

Seahce i
ool Bl S A e WP SRR LI A (A the

spddth A e RO U dnAbat B8Y £8N D6y GONGH AA@ L dFidbdus,

respective front and rear wheel axles, independent
thefde®P each PP i XE ot dli dgitdy ddt d¢SnfDiud@SLSERiy 4vd

consi der a vehicle notion such as a Yaw angle, and

hidhiys rdlimdetgideriany beostigill €. Thus, the

Thus, with the fine control as stated above, the
positions of centers of the front and rear wheel axles can
follow up one and the same locus (it is settled in a
constant displacement range of about x50 mm), and
accordingly, it is not required to increase the width of
the track, resulting in enhancement of the drive
comfortability.

Further, since the distance coefficient is obtained
at any time before starting, it is possible to eliminate a
distant detection error caused by a variation in the
dynamic load diameter due to worn tires. On the other
hand, the degree of wearing of the tire can be measured,
and accordingly, a cornering power depending upon the
wearing degree can be appropriately set, thereby it is

possible to calculate a pattern steering angle with a high
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10 speed of the conputation is very high and
continuous, thereby it is possible to carry out
continuous, fine and highly reliable steering
control. Thus, with the i @ control as stated above,
the positions of centers of the front and rear whee
axles can 15 follow up one and the sane locus (it is
deg%ﬁéél&ﬂ APc@r&OPst aridiesh acamy JRNEpRicahait &
, and accordingly, it is not required to increase
tlﬁé@ W didit Df ied Nen tdcedrddnsel witly the eababarsent of
the drive confortability. 20 Further, since the
codlf £i @neet chefdrdeento i snlvdntee nelde ef £hoyencyeobetbee
starting, it is possible to elimnate a distant
maileterdnon BrexgofLaused by a variation in the dynamc
| oad di ameter due to worn tires. On the other hand,
the dagrtderof sigwme rgeofpatifenn etaamine adkured, 25
and accordingly, a cornering power dependi ng upon the
Ca]d@%@’?@dde"gl?%eg%’arh er opptept iRy ytRet COFREFELYTit i s
ossible to calculate a attern ieer ng angle with_a
G RELYHRLOf SR 8B yS™ f t‘ﬁ%iu athi figchsa range
eplacenent of, tires.is notified |n rdance
that,« fa.%‘(%’%&*éw‘i:o%?‘i‘?%‘? ey eo?%l%Fr?o en anlgcé{E %égt

uport fﬂ% tcﬂx?JYv (grnfor a@iﬂgﬁna%‘iﬁrgﬂéq e(g Cu%at ecf£ rk,eci]ntrol

I nce ern eerln angle IS

is gﬂa&%g&&d&%fy'ﬁaégféVefﬁ@rfsglséaewét&ﬂéag 209E8n be

e set to a smal ue i n such a range t hat an
re VLI P NAY 1 LoUSEOs PYEdPea COah {1 Ol e doSSpOE 86T €BE instant

vehicle.
In addition, in the case of applying the present
invention in a transportation system incorporating a fail-

safe mechanism composed of a protection track and

protection wheels, only by detecting a deviation of the

track widthwise position of a vehicle body at two
positions of the centers of the front and rear wheel axles,
the control is made so that the four protection wheels
mounted to opposite ends of protection arms attached to
the front and rear wheel sides can be eventually prevented
from making contact with the protection track. Thus, the

control can be readily and smoothly carried out.

Brief Description of the Drawings
Fig. 1 is a plan view for explaining an embodiment

of the present invention;
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upon the drive confortability. Further, since the
control 10 is independently made for the respective
axles, it can be readily applied also for a vehicle
coupled to the instant vefilcle. In addition, in the
case of applying the present invention in a
transportation systemincorporating a fail- 15 safe

nMechanigs M aes el sk A Ptacti Oudt@itianta control
protection wheels, only by detecting a deviation of

appdatid abk thelténmbs@ipestii on of a vehicle body at two
positions of the centers of the front and rear whee
axl eFig.t I3e icont ndlew £omcxsi@aitthiatg tdhegdamgtrical
protecti on wheels 20 nounted to opposite ends of

stepoigtanglarin Hhiscémbodomerhe front and rear whee
sides can be eventually prevented from naking contact
wi t hFiige fr disec ivaiew rfdk exmaininge a RFAGDIS h be
readily and snoothly carried out. 25 Brief Description

calulaelny e RATE YLD 1StReBIpY s@ANgLewilR oF R iR pPEPATHGent
'S aTRocie gt T 18RS EREHPE AT et
angfle it ot SRTRoMGRE i n this enbodl hent: 5 Fig.
the Badern i Gor Rnr el ek R g et (hops

of I thd yﬁ@aﬂrgg SOPVESD £n PRLL CLRbsE ERERRY angl e table
in the enbodi nent;

Fig. 7 is a plan view for explaining an automatic
steering control mechanism in a conventional track type
transportation system;

Fig. 8a is a sectional view along line C-C in Fig.
7; and

Fig. 8b is a view for explaining a variant form of

the example shown in Fig. 8a.

Best Mode for Carrying out the Invention

Explanation will be hereinbelow made of an
embodiment shown in the figures. It is noted that
components explained in this embodiment should not be
intended to limit the present invention thereto, in view
of their dimensions, materials, shapes and relative
positions unless otherwise specified.

An embodiment of the present invention will be

hereinbelow made with reference to Figs. 1 to 6. In this
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Fig. 6 is a flowchart for indicating process steps
10 of the steering control in the enbodinent; Fig. 7
is a plan view for explaining an autonmatic steering
control mechanismin a coen¥éntional track type
transportation system Fig. 8a is a sectional view
along line GCin Fig. 15 7; and Fig. 8b is a view

emb it 2l e s ¢ alvdioffowfis tdp eX8dPte ghewackn
Fig. 8a. Best Mdde for Carrying out the Invention 20

typX R @i p e a1 dn hey hesiei Nhed Syoretien §f a abai Brbate nent
shown in the figures. It is noted that conponents

mechd @ afhich thicophoiieen mhwidct ot treackntandeon
tolimt the present invention thereto, in view of
thd h®iad durfstonst arstmackl sandhppeseanton eviaeele 25
positions unless otherw se specified. An enbodi nent of
pravigiest eyelernenidnta orelwi¢le prnd RV EeR| by Fade LeRJ
reference to Figs. 1 to 6. In this - 22 enbodi nent,
the mrofrestiann i Haghk i ofiide dppls &d léta Wexe Eox% ype
transportation systemincorporatin fail -safe
exnﬂ@}?aﬁﬂ%fm vwdni'&h } HAIFH AR af %%r%&gae%fi ¥ YHE¥RI]| ai d
on .the road. surface of a track,, angd. protection, wheel
ensfmiifoe it ki Jetp B th e 1ol ol HP RS
al on t.he prptecti.on c j | s ie Okas
end et o R PR EC  Er bl Lot ByRTel T 0P g,

2 #$%§w&’dﬂ@r%im§ﬂf§§ﬂ9§% Lonft81 dystem.

rating
Referring to Fig. 1, like reference numerals are

used to denote components like to those shown in Fig. 7
without zero (0) attached to the heads of reference
numerals used in Fig. 7, and accordingly, explanation to
those components identical to those shown in Fig. 7 will
be basically omitted. Referring to Fig. 1, the steering
mechanism of the vehicle will be explained as to the front
wheel side as an example. A motion of a movable rod 38a
of an actuator 36a is transmitted to a front left tire
wheel 18b through the intermediary of a spherical joint 34
and a steering arm 39 in order to steer the front left
wheel 18b.

The motion of the front left wheel 18b is
transmitted to a front right tire wheel 18a which is
therefore steered, through the intermediary of a tie rod
32. It is noted that the tie rod 32 and rear steering

arms 30a, 30b constitute the so-called Ackermann-Jeantaud
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the conventional track type transportation system and
Fig. 10 2 is a block diagramillustrating a contro
system Referring to Fig. 1, |ike reference nunerals
are used to denote conponédts |like to those shown in
Fig. 7 wthout zero (0) attached to the heads of
reference nunerals used in Fig. 7, and accordingly,

typ%miwme%énq#_fﬁio%mrarg@ isanitealid® those

shown in Fig. 7 wi be basically omtted. Referring
stde@ifigd-anbld e sieridmt aedhanglsth wheébe gehinyeturhing.
be explained as to the front wheel side as an
exanpkethéd pameomiamk,athevabltdonodf3@he dfroart detfdrattdre
36a is transmtted to a front left tire 20 wheel 18b
whetellr dugh itsheriamtsarineidaryo of profwtionlaimidd Burowgl
a steering arm39 in order to steer the front |eft
thewigdlert@idliare ofotd diindd nak 4¢ i that Wraragriion
transmtted to a front right tire wheel 18a which is
armd42 He dhgestadbdiedhe Hang) s terring SRR A Lhat
tierod 32. It is noted that the tie rod 32 and rear
of dhgefinept FMRS1FL830b constitute the so-call ed

Ack -J taud - 23 .t Li_nk ' f
?BPE gﬁng§S§28%ﬁPPoW Fﬁ&s¥ﬁ§ a?%e@%ﬁ%%%ﬁkggétor t he
eft, .a | ght I j '
S T e
opﬂﬂéTan%#dgjﬂﬂﬁﬁgﬁqpte@ﬁboﬁre%gbﬂgohh&ﬁﬂgﬁs 20t Bee

Internediary o ink rod”46 so that the protection
1oct%rt@d4%dxs B E Wi thid e Brst e idy ehd@ction asd

hat of the front wheels 18.

are not made into contact with the left and right side
walls l4a of the protection track 14 whenever the
automatic steering mechanisms is normally operated, but
the protection wheels 40 are made into contact with the
left and right side walls l4a of the protection track 14,
that is, the protection wheels 40 are engaged with the
protection track 14 if the automatic steering mechanism is
malfunctioning. Thus, it is possible to prevent the
vehicle from coming off from the track. As stated above,
the protection track 14 and the protection arms 42 each of
which is mounted at the opposite ends thereof with two of
the protection wheels 40, constitute the fail-safe
mechanism 11.

A controller 70 receives a track condition, a

running condition, a vehicle condition, an instant vehicle

position computed from a number or revolutions which are
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Four protection wheels 40 are nounted to the
protection arns 42 on both front and rear wheel sides
at 10 opposite ends thereof. The protection wheels 40
are located for running wi 24in the protection track
14, and are not made into contact with the |eft and
right side walls 14a of the protection track 14

de tHIBNSY &y theai AURBERIEL S eI S8k NEL NG SEB wH11 be
normal |y operated, but 15 the protection wheels 40 are

detBideed MO HONtAEIm WiH ddigartiefd poicht ) gitd stite Wbtd s
14a of the protection track 14, that is, the
andrdyEid o avneadar Uy aires tangsaigisch Wwdded hepompridiecabhare -
track 14 if the automatic steering nechanismis
memtaildnedttdaird ngto Tthes ,agttuatompodsi B evancegnieaehttype 20
vehicle fromcomng off fromthe track. As stated
disgiacementhangirent el iioh attachad undprnratpr okt i on
arms 42 each of which is nounted at the opposite ends
Profegiesin \@umh 4 tofthe (remrer &f i it \ieks sl yge 44a. The

constitute the fail-safe nechanism11l. 25 A trol
nongEIAs VaPS FhRIGCRRRI WREOR 00 (i SRIRRFRR (7on, FoF

exe\;e”i cl 233 C]Eapﬁdﬁiﬁt étoi]ﬁﬁ‘rziirsi Sé(?%{'ﬁﬁ/‘ﬁe?rﬁileg‘lr%er vﬁﬁﬁgi‘—lhﬁ ;oi(;tl”zis;nic
etect i st . . 24
B I SR BRES Rl hhohe

12) 1% tafild A&l 1488 S P StAR] | @%i&@%ﬁh@%@%ﬁ%

t he above- nentioned data, to e actuator 36.

trd NNt A pedfiredisp| are B cdbt £t 6yps @fdFrd@sment

underneath the protéction arm42 at the center of the
serddi® d0 e A43eviBeed value of the vehicle 12 widthwise
of the track can be calculated from these detected values.

Next, explanation will be made of the configuration

of the steering control mechanism in this embodiment with
reference to Fig. 2. In Fig. 2, a storage means 81 which
constitutes a start preparing means 80 is stored therein
with known conditions including a track condition (the
presence of straight lines and curves, and the presence of
cants and slopes or the like) from a departure point (stop
station) to a destination point (a next stop station), a
running condition (a speed pattern and the like), and a
vehicle condition (wheel base (a distance between the
centers of the front and rear wheel axles), a vehicle
weight, dimensions of the vehicle, tire characteristics
and the 1like).

The known conditions are classified into the fixed
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noncont act type displacenent neter 60 is conposed of,
for exanple, a laser type displacenent neter or an
ultrasonic type displacenment sensor. During running
of the vehicle 10 12, distdhces to the left and right
side walls 14 of the track 14 are neasured by the
noncont act type di splacenent sensor 60. A deviated

con@l ey ditg wwhigle thadit B SEio®f WHECH raek 18eeh be

cal cul ated fromthese detected val ues. Next,
befOddRR iHbrd libenamdssfaddaneid j candttion vdbhiale
the steering control nechanismin this enbodi nent with
cond@fteianc &sddh Fg.thie tehialpe wighistandge disinendd
which constitutes a start preparing neans 80 is
coestfuirceicertthe véiirch \hiave Kream dsretitednsn i aclaglt nigurning
track condition (the presence of straight |ines and
blaak \efordhehalqpasstiame aid dTmeameenrie LeapERed by Hde
like) froma deEgrture point (stop  station) to a
compingmesn o Ahe( ¥ehdglesed Iftadisorhhre sUm hithg dry
condition (a speed pattern and the |ike %Q}
verjehe: MG b RS R (B Friddetantea
centers of the front nd rear wheel ax|es
Eroft SR o o o VTR, {asf il fofea

for n %“H ec!o %:tfo |nr?&]oqtr¥14]ejfi ?ft%%%@%&@é‘ﬁhiﬁé’ S

are C aSSI condi t1ons such as

pefdi® %ﬁ@f}ﬂ! L), g WU £ A2 SH HESP ﬁMOéf e St F sk

In the storage neans, and the varlab conditions

the Wdbas 6ﬂ19cﬁ(=§h}éﬂﬁ:1/@|a€im Askeaa i st ance

coefficient, which have been detected in a | ast
runnirpg alblt@ﬁk:eb choerEildiendepar tadad tardd foaveds@rting

determ ned by the

detection pulses from the distance pulse sensor into an
actual distance, that is, it is indicated by a ratio
between a known distance from the departure point to the
destination point in the last running block, and the
distance of this running block into which a number of
pulses counted by the distance pulse sensor during the
last running is converted. Thus, the actual distance from
the departure point can be precisely obtained by
multiplying the number of pulses detected from the
departure point by the distance coefficient.

Referring to Fig. 2, the pressure value of the air
suspension (AS) is measured by an AS pressure sensor 61 at
a stop station, and a signal therefrom is transmitted to

the computing means 82 which therefore computes pattern

steering angles for the front and rear wheels at every a
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conmputi ng neans. The vehicle weight is the sumof the
dry vehicle weight and the passenger weight, which is
detected froma pressure value of an air suspension
(AS) nonitored for notch é8ntrol and the like after
it is determned 10 before a start at the departure
point (for exanple, after the doors of the vehicle

chadie Pdasad)or T disdancenelfd cienitisi gdapi e foito a
converting detection pulses fromthe distance pul se
curseN d rdurwe iraad ualstdisiginc el iddator gt idversy change
indicated by a ratio 15 between a known di stance from
pointe memardaurthequuaft, tThe hpesideisin e i dre pehiange rpeimwt is
 ast running block, and the distance of this running

obtgigeld ifinam whidis tannarfgromftheg # e sakten By the
di stance pul se sensor during the Jlast running.is
aboyementtdpnerh gannefe adpugl Mgessasde frromreparieg and

departure point can be precisely obtained b )
STORIRG A AT 4T FHAARRMSGANAAS CERIR o RF 1R (Freering

oo S I AL G T A e A e
. Al [ d AS. 6
1o SRS N 2 A58 RO SRR e el

Stetpela}t&ingr) n%{'}]!ébg W%}%ﬁg@ Cfoi hﬁg%f PEENEOGRY B8ar wheels,

steering or the front and rear wheels

indlpeRINt From®adha@fepoi nt of the track, that is, a
straight line into a curve or a curve into a straight

linea patabravekiethiagdanghel bh keceryed hemenf isThe

position of the change point is obtained froma
compiutiein &y faddiidh e Jeamestimiicaln streding angle obtained
from the radius of curvature of the track and the wheel
base of the vehicle, to slip angles due to affections of a
speed of the vehicle passing through the curved track and
a cant. Referring to Fig. 3, as to the vehicle 12 running
on the track 1 in the direction of the arrow a, steering
angles fa, fb of the front left and right wheels 18a, 18b
and steering angles ra, rb of the rear left and right
wheels 22a, 22b are computed in consideration with the
radius R of curvature, the wheel base (the distance
between the centers of the front and rear wheel axles) Lt
and slip angles caused at the tires by affections of the
speed of the vehicle passing through the curved track and
the cant. Thus, the steering angles S of the protection
arms 42 are also determined.

Referring to Fig. 4 which shows a process of
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5 above-nenti oned manner. In a nmeans 83 for preparing
and storing a pattern steering angle table, a pattern
steering angle table on which pattern steering angl es
are listed up, is prepared’and stored. It is noted
that the pattern steering angles are prepared for the
front and rear wheels, 10 independent from each
caRéiBitiry Peld epdic el & Pge BNy CaRgl s ¢ UamERgt s@CEras
conput ed by adding a geonetrical steering angle
ruibing Nelbcks oM tdel o afiois of stop vatat tonfAthe araekt
and the wheel base of the vehicle, to slip angles due
stop sifdEeiodn ds ofdendtespeesitvdight vehnthe bhgsknghile y
t hrough the curved track and a cant. Referring to
derites 33 menning Helechi ef ea 1branshthgn - fromhe $Ewakght
in the direction of the arrow a, steering angles fa,
tragk gknthea fewnied cf¥agihd Frghtisihed| 5TaRaitigh CuRye
steering angles ra, rb of the rear left and right 2&
ruRiing PLogk Whre e oFpYRETR tondradrat %ncaﬁ”f‘ﬁe he

di f h I '
oo U, SRS G SRR A
t n ' th i f '
cubfor B S14P ALEL uENERE) 8058 B ot

of C&Hé[/ e\gel'g%fé( O 1 2Ps LEE G8N £ nd hﬂ%&téﬂ? §F§§ﬂ.-ﬂ§ angle

angl es the protection arns are a

is O84S Nethe REERLT 4G :E&:Fixg? ¥186k CHu B NQWs o o Beass
of - 27 <calculating the pattern steering angles,

thél NS, eIt indg Wdéw H| ocks 1 to 10 froma stop

station Ato a next stop station B, x denotes a

strarFglt. BuRhowg Mheclpatttidre steering angle table on
which pattern steering angles in the running blocks 1 to
19 between the stop station A and the next stop station B
shown in Fig. 4 are listed up. It is noted that different
steering angles as indicated by ol to a5 or Bl to P5 are
obtained by linear interpolation (proportional
interpolation) between zero and aor f.

Thus, the pattern steering angle tables
independently prepared respectively for the front and rear
wheels, are transmitted respectively to a front wheel
computing means 9la and a rear wheel computing means 91b
in an on-running steering control means 90. Further, the
front wheel computing means 9la receives a deviated
position which is a track widthwise position of the

vehicle 12 detected by a noncontact type displacement

meter 60a provided on the front wheel side, and the rear
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denotes a running block of a transition-froma
straight 5 track into a curved track, that is, a
transition curve running block where the curvature is
gradual | y changed, and z &&nhctes a curved running

bl ock having a constant curvature over this entire

bl ock. In the case of running of the vehicle on this

whdd P Womgiei Rpthedis S§ Be @ B €a ldev BaZed Opo st then
strai ght running block but is a or (3 in the curved
whildnisga bt dk zawvidilgri$e Shovbstide @At ties nvel bete ni2
angle table on which pattern steering angles in the
detraatredpiblaaksndontactl St e wikbsp ldeemsemp mebey o0 and
the next stop station B 15 shown in Fig. 4 are listed
prayiddad dars ot exkathathegX fsk@mt steering angl es as
indicated by al to as or (31 to (35 are _obtained hy

| i nedr numberp Sfarivdsespisieatieshdly the difdhianceopulse

bet ween zero and a or P. Thus,_ the pattern steering,
senfaﬁﬁ&r e5h3( a’iﬂ% e | Herkp ety Ibr%‘baﬁéﬂ PESTRRE i Fpying

or. the front., and rea t 1tted
pos:dhisit che, 5L 16Ped b dRR mon D et foe i Elag e

a rear_wheel c t ' - [
15,30 ir_nega]f:owr%er% cu%%%%e&gn%$%%egr%gt ﬁg Oprcr)ﬁ?n:/vlqgel

conput.i.n n r ' jat i

wni GEPEC ErBRE S, (RIS R A% kP T 1,

whedalt %Hnﬁgl@ﬁm? MOREON AStcdiper &l %@Efﬂ%n&ngi@é efréfa
ed on

provid the front wheel” side, and the rear - 28
inpMiaald GRIILEU S B SBadsi G bs 1 §ie€i & £Sama Gyl Bbefl plosi thaes

which is a track wi dthwi se position of the vehicle 12
computed steering angles to a front wheel control means
92a and a rear wheel control means 92b, respectively. The
front wheel control means 92a and the rear wheel control
means 92b deliver steering instructions Xa, Xb computed
from the computed steering angles, to the front wheel
actuator 36a and the rear wheel actuator 36b, respectively
so as to operate these actuators.

The motions of movable rods 36a, 36b of the front
wheel actuator 36a and the rear wheel actuator 36b are
detected by position sensors 63a, 63b provided to these
actuators so as to carry out feed-back control.

Next, explanation will be made of process steps of
the steering control in this embodiment with reference to
Fig. 6. In this case, the vehicle 12 runs in the direction

of the arrow a, as an example. Referring to Fig. 6, at

first, the present running distance from the departure
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detected by a noncontact type displacenent neter 60b
provi ded on the rear wheel side. 5 A nunber of pul ses
detected by the distance pul se sensor 62 fromthe
stop station Ato the presé&® running positionis
delivered to both front wheel conputing nmeans 9la and
rear wheel conputing neans 91b. The front whee

po LPFPU A Gs FE NSt Plforr ) t1he dEeEctd@ Bhiethe CQIBYANBE
means 91b conpute steering angles from inputted

puléd i suissslet €Ft { Sresi DNal Nexand wirldhear the dunising
conputed steering angles to a front wheel contro
direainton 328 el velibtale wheehppoopr batearansndlbis
respectively. The front wheel control nmeans 92a and
detdmniread (Wissyp Zbnt Nelxtl5 tiearson@itided imeansst&eri ng
instructions Xa, Xb conputed fromthe conputed
calgwkater anffent wheehesideorpatherr sheeuingrangheanygac
the rear wheel actuator 36b, respectivel SO as to
angperzRar (el ttdatRpktenpes et g %gxﬁv’é‘é}? edF of¥ery

36a, 36b of the f 20 wheel
ol e G B oL E L ASHAELS TSBPT

R U CUECIKER YN (SRS
ool oL BEPERT SFLFOS OLic 6 ShORE | D0aEOTLE QhobrphohE.

ruddife Y eNi! Ehd 2 £ L {ok Neusbs eethor, ofntheigbhew a,
the gy

as an exanple. Referring to Fig. 6, at first, the
int¥ SN £ 140N NG4St adcout o the HeRA&EUsBown29n Fig. 4

point (the stop station A) is detected by the distance
so as to calculate pattern steering angles. Thus, the
wheels are steered with the thus calculated values.

Next, deviated values Ya, Yb of track widthwise
positions of the vehicle 12 are detected on the front
wheel axle sides and the rear wheel side by the noncontact
type displacement sensors 60a, 60b, respectively (step 4).

Next, whether the vehicle 12 runs in the direction
a or in the direction b is determined (step 5).

Next, a front wheel side correcting steering value
AXa and the rear wheel side correcting steering value AXb
are calculated with the use of a formula which depends
upon the advancing direction (direction a or b) of the
vehicle 12. The deviated values correspond to the
relative widthwise differences between the positions of

the centers of the axles of the vehicle 12 and desired

positions on the track side (the side walls 1l4a of the
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pul se sensor 62 (step 1). Next, whether the running
direction of the vehicle is appropriate or not is
determined (step 2). Next, the conmputing neans 82 5
cal cul ates a front wheel -sB8e-pattern steering angles
Xao and a rear wheel side pattern steering angle Xbo
at every change point in the above-nentioned nethod

prdt&c@i o) -trHuk viehy claqadl?adéoﬁﬁegp{i bierk ) G PEG@EE UpPNa

the pattern steering angles cal ated at every
propuaitgondli jain Kb RHd e devidiced redbids Ofa cWWyeis

track, the linear interpolation is carried out in the
addahner tHwowrddudl of 4 dGariasmtiveaain Hé qgad tEre time

steering angles. Thus, the wheels are steered with
dififlegrenthisalc AdYau &t edi¥pidie f Nehe | defeldatte@dvakilesstala, Yb

Yb of track wi dthw se 15 p03|t|ons of the vehicle 12
so @se tgetadiadd dihe monresiingdenin® WS and ThRe

rear wheel side by the noncontact e dis Iacenent
£ oRn NS oI L ST V] YRG0 F0A R

th hicle 12 t he di
whegl; GORRRP IS SRASIR AP Léﬁf%ﬁé’r”%ocmﬁeaiafaecﬂ ont

wheel Sld correc in steerlng value AXa and the rear
lnqﬂﬂﬁﬁd%ﬁﬁj 8 7€ é% %eerlng value AXb are

calcyaugdn L VHE U35 el LB WLERAoRENSc g

upon the advanci n t1on ITéction a or

ste\é@Tn‘H %.njg%.esTh%geéﬂcﬁ;r{EQ.ﬁ’%i@S E 0158 RO t&F tiige 25

relative wi dt'hwise differences between the positions
devafat dh & 00 alsS At tthe ndls ©f) the &alitd@rileh aiwl which

desired positions on the track side (the side walls

thel$prorfedtionr alth 42 approaches the side wall l4a of the
protection track but is set to plus (+) in the direction
in which it goes away from the side wall 14a. Plus (+) is
set in the direction in which the movable arms 38a, 38b of
the actuator 36a, 36b are extended but minus (-) is set in
the direction in which the movable arms 38a, 38b are
retracted.

In order to enhance the running stability, the
proportional gain Kp is set to be variable, the higher the
running speed, the smaller the proportional gain Kp.
Further, in order to enhance the running safety, the
correcting steering angle for the rear wheels is obtained
by multiplying the correcting steering angle for the front
wheels by a coefficient a. When the running speed is

higher, o < 1 is set, but when the running speed is low

or when the vehicle runs on a curved track, o = 1 is set.
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protection track 14), and accordingly, the product of
a proportional gain Kp and the devi ated values Ya, Yb
is added to the product of a derivative gain Kd and
the tine differential dyaBdt, dYb/dt of the deviated
values Ya, Yb 5 so as to obtain the correcting
steering values. The front wheel correcting steering

angl enfi¥a, iandnlehe ot indhaRlanz0rgIe ! id1d Stigss igkktern
angle AXb are cal cul ated, independent from each

stedtialg diglids ntethddwd thetdieo fwlthl tice f eortbeting
correcting 10 steering angles, as shown in Fig. 6,
stddeimg ginglfed heo aeviatedloalatei desiéreflosirerudng- pnigdes,
a direction in which the protection arm 42 approaches
in tdepegidenam|ipdntavtuich Hehe prentrel onearack2aut 928 set
to plus (+) in the direction in which it goes away
deXirmn tHee et g vl truet ign g X4 +)Xb stq sthet Tegpepeive
direction in which the novable arns 38a, 38b_of the

actgrtnor3@ba, 3ABF AT Lt Bk MY FPATsVRE§1Fs set in
. the direction in which the povable ajyns ﬁSa gﬁb are. .y
indeRanfan F190 (AR P nhal e THeE r thnt TES bt BRI PEjicle
12,5080 R 98 DR B el e e
A e T s e e A

1iditia MR e eRlshi vy Q&H@éﬁé‘g(ﬁté@s&hé{:%éﬁyg H\?ﬁ desired

correcting steering angle for the front = 25 eel s by

sttt fAfd By may W nrdpieaded NirDeh Speedt i6nalbi §bfverted

< 1 is set, but when the running speed is low or when
valds yehi chast, UkkeOfofabley eddisr 38k, 38b bf tiset .
actuators are positionally controlled in response to
desired position instructions delivered from the
controller 70 and feed-back signals from the position
sensors 63a, 63b for the actuators. This steering control
is continued until the running of the vehicle 12 is
completed (step 6).

According to this embodiment, since the pattern
steering angle table from the known conditions has been
prepared before the start of the vehicle 12, the pattern
steering angle can be obtained through the linear
interpolation in accordance with a distance detection
signal exhibiting a distance from the departure point with
reference to the pattern steering angle table, and

accordingly, the control can be simplified. Further, the

correcting steering angle can be obtained simply by
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- 31 Thus, in the conputing neans 91a, 91b, the
pattern steering angles are added thereto with the
correcting steering angles so as to calculate desired
steering angles, in depend@nce upon which the contro
means 92a, 9-2b 5 deliver steering instructions Xa, Xb
to the respective actuators 36a, 36b for the front
dePFidEH WM Stind ePeRtedt adgDén £achndt hysitidn from
order to steer the vehicle 12. The desired steering
a @bl eSe@raneVver tiadid ntesitbsen | ean@oshé | Pnsnbfanderear
actuators which are nechanically 10 linked to the
whealnristige svheesd scqrat 1@t head j viehdepéideniesiren eatkertimgr,
angl es may be replaced with positional converted
themdhies)t fFhusgssieleovabs tnpbify 38ke G8btodl twkthout
actuators are positionally controlled in response to
corgsiglerat ysiaf orehicte Ueet RS deRel ed e da f Y3th ¥m@la 50T
controller 70 and feed-back signals fromthe position
theschidet s §98 COIPULGT1ORe Ca P& drideihmads tigruously

o UL ol oA L 5 R Bo Chphbod Bhe

nmbodi ' h |
o e I S T e L A

the shalt ofi ¢ h%h\éely&ﬂﬁircgcﬁr%fﬁ ﬁa.téted'ﬁ?ed ShfRfd NG he

angl € carf bé obtalné g i near

poéﬂ:’%@gﬁi | Qo ESO AP Cend £ R0t dhSl ARELr OPHEEL | SRl es

Sl gha Iting a distance fromthe departure point

caiM $ub Atari&f £1 B Co 1 Do NEp Peihé e4fa StReT safe aDgtEs t abhe,

and accordingly, the control can be sinplified.
widtHisy ,didiflacement range is settled to about =50 mm).
Thereby it is possible to eliminate the necessity of
increasing the track width, and as well to enhance the
drive comfortability.

Further, since the distance coefficient is derived
at any time before a start of the vehicle, there can be
eliminated errors upon distance detection, which is caused
by variation in the dynamic load diameter due to worn
tires. In other word, the degrees of abrasion of tires
can be detected, and accordingly, a cornering power
appropriate for the degree of abrasion can be precisely
set. Thereby it is possible to calculate the pattern
steering angle with a high degree of accuracy. Further,
the period of replacement of tires can be set in

accordance with the distance coefficient, thereby it is

possible to carry out efficient maintenance for the
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correcting steering angle can be obtained sinply by -
32 deriving a correcting steering angle at one
position from a deviated value at this position, and
the front and rear wheel- 33l es are controll ed,
i ndependent from each other, thereby it is possible
to sinplify the control without 5 consideration of
velYfi &l e notions such as a yaw angle or the like. The
conputation can be finely made continuously at a high

speeturtthRireb)iincd THROPH e & wydidanee ditfle Siseering
control with a high degree of reliability. Thus, with
cald€ldte@, cand rghimst st at&lcwbaving t tiee 1€oposctimas of
the centers of the front and rear wheel axles can
steahbt@ninglé ycdwl bovsap tmea asalhevabue vwbthydn (skheh a
w dt hwi se di spl acenent range is settled to about 50
ramgg . thdhearbyveérsheoposaisr@ by e nfomteol hdoes not
necessity of increasing the track width, and as we| |
affecenteor cthp cdnbvereemri @bhat by t | YT tikeF ¢ netncei Hee
t he di stance coefficient is derived, at

¢ any ti
conerot ebh MAde (TRF TR TRPRRFELVE rEFLetaniftependent from
elimnated errors_upon distance detection,. which
each, RERET byt‘%%r?%‘ﬁ’é‘ﬁf | AR pRe a%%ﬂJr%&l taPepiiles, couptea
& to wgrn gg tires. In other word, the degrees of
O 3748 dn*ST-tires can be detected, and accordingly, a

COT Y] 11Gh RO 1 AP 1 S Undite A6 Plis

abrasion can be precisely “set. Thereby it is possible
corgﬁoé@rh CoE 3 e1dder PEYET 1 551 86t aRetervbihan high
egree of accuracy

urther, 25 the period of
ul ¥ e GCEIeNYpOf dlsp EScEmdnPeEm&ér| Nthe accuracy of
detection and the responsiveness can be enhanced with no
problem of abrasion.

In addition, since the steering control in this
embodiment is applied to the track type transportation
system 10 incorporating the fail-safe mechanism composed
of the protection track 14 and the protection wheels 40,
the widthwise displacement of the vehicle body is detected,
at two front and rears positions of the vehicle, that is,
the positions of the centers of the front and rear wheels,
and as a result, the control is made in such a way that
the four protection wheels do not make contact with the

protection track 14. As a result, the control can be

smoothly made.



accordance with the distance coefficient, thereby it
is possible to carry out efficient naintenance for
the - 33 - vehicle. Further, since the pattern
steering angle is calcula@éd‘ the gain for
calculating the correcting steering angle can be set
to a small value within such a 5 range that an
IndVSESIWP I ApFLIEesb i tyhe control does not affect upon
the drive confortability. Further, since the contro
I S mMadeoirdinigha o adfee plrieserax |iaszen tnidependerd favwom
each other, the control can be applied to vehicles
trampreicht ian esedit e herthe I¥elFlicidecan st ein hgoth forward
di spl acenent nmeter 60 is conposed of a | aser type
andlimpthkwankrdireciions, aand seehsbhne ¢9pereol shhakchipnt
neter, the accuracy of detection and the
POl Merihe centers cvfabRedtipRh #Rd pFoRT cinesl axles
abrasion. 15 In addition, since the steerln ntro
car) (5T AN AT LT CiipI TR TRP {FEIE 1 LR %yﬁ%ﬂng
tran portation system 10 incorporatin |I-safe
%rﬁac%ﬂ%%‘%‘i JUOBINE e p??)? ?l%%r'?}%% “and the
protection wheels 40, the w dthw se dlsplacenent of
the vehicle body is detected, 20 at two front and
rears positions of the vehicle, that is, the
positions of the centers of the front and rear wheels,
and as a result, the control is made in such a way
that the four protection wheels do not make contact
wWth the protection track 14. As a result, the
control can be
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25 snmoothly made. - 34 - Industrial Applicability
According to the present invention, in a new
transportation system the vehicle can run in both
forward and backward di reéfi ons, and such fine
control that the 5 positions of the centers of the
front and rear wheel axles can substantially follow
one and the sane |ocus dutAtgs forward or backward
novenent, can be carried out. - 35 - CLAIMS 1. A
steering control nethod for automatically steering a
vehicle so as to cause the vehicle to run on a 5

1. i edaiearimqnembrtrack md oo d efvc| e oaorjpoar bk y ngteering a
steering nechanisns including actuators by nmeans of

vehiltleh o g tandcaussartwhemlsiedlam on 1ure an sk,
characterized by the steps of preparing a pattern

pregfief@umiqethdimadkab| the velHicke TPQRUGHRY cEFeeRing
angles for front and rear wheels are |isted for

me Ghageins \F;!“bl%g’@ Rt oS (e neaRk Yerhirh skxephpnd
in view of a track condition, a runnin ndi t.i on_ . and

rear yiliga® BB (OHF (TR dFEATNE TR hPY e Steps

of destination point in order to steer the vehicle in 15
accordance with pattern steering angles which are read

L oAbl nbasisth RERIAOAGIIKER IS Ui talicn
patdc%rq{: td Uk 1A g atg M AR SE-RPS | dd@ e r hite dBDI &
listed for respective change points of the track before
stating, in view of a track condition, a running condition
and a vehicle condition from a departure point to a
destination point in order to steer the vehicle in
accordance with pattern steering angles which are read
from the table at every change point while a travel
distance from the departure point is detected

detecting a track widthwise position of the vehicle
on running so as to calculate correcting steering angles
with which the track widthwise position of the vehicle
coincides with a desired position, and

adding the correcting steering angels to the
pattern steering angles so as to calculate desired
steering angles in order to steer the front and rear
wheels in accordance with the desired steering angles,

wherein the pattern steering angles, the correcting

steering angles and the desired steering angles are
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on running so as to calculate correcting steering
angles 20 with which the track wi dthw se position of
the vehicle coincides with a desired position, and
addi ng the correcting steeBfng angels to the pattern
steering angles so as to calculate desired steering
angles in order to steer the front and rear 25 wheels

calldh G daicand thediie-UBsd resbist efid NBe AN OhieSels,
wherein the pattern 'steering angles, the correcting

inddRelddi: ARtk dhe desired steering angles are -
3 calcul ated for the respective front and rear

wheel s, independent therebetween. 2. A steering
control nmethod for a vehicle as set forth 5 in claim
2. 1A sheeadhgr cpedriol medhodhd&opatat ereh istl@e@snge tadgpindd
in a curved track are conputed in view of a
in gdavimt rl c athantasrgnipethgiie Bnthi e pabienn rateexing
curvature of the track and a space_between the front
anglef imed HES tradpakp FORPIEteRniR | BNk iy on
the curved 10 track, and a sljip angle produced at_a
geometaiginl AeERIA HRILE chitained fFron ch i AL 95!

hod f hi cl f ' lajm 1. f h
ool B AT S o T
{ { ' t i
rodsf (a5, SSPUISke 810 o ED Sy i PR

tranéke, Whee!s Jdlgil atrﬂﬁéje;g&{ci&&é‘d PO Dt §Pe tHE3 CHPFYSLed by

ol'nt, and ving a di stance coefficient which

a Hibits a

3. A steering control method for a vehicle as set forth
in claim 1, further characterized by the steps of

obtaining a distance from the departure point to
each of the change points of the track from a detected
number of revolutions of the wheels from the departure
point to the change point, and

deriving a distance coefficient which exhibits a
ratio between a know distance from a departure point to a
destination point of the last running block and a number
of revolutions of the wheels which has been detected in
this running block, in order to correct a distance

detection error due to worn wheels.

4. A steering control method as set forth in claim 1,

characterized in that the pattern steering angles along a
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20 ratio between a know di stance from a departure
point to a destination point of the |last running

bl ock and a nunber of revolutions of the wheels which
has been detected in thirs37unning bl ock, in order to
correct a distance detection error due to worn
wheels. 25 4. A steering control nethod as set forth

trddb & AN durve B apd &t | Z efuived hetadibead@t 4 e§firaight
steering angles along a - 37 ¢transition curve between

tratiE e tdTacka Bdd By Si1méfhtint&RcKL et o ad £ ub bd exti by
linear interpolation of steering angles on the curved

andleéxion Xt dustedrirgckontrol nmethod for a vehicle as
set forth in claim1, characterized in that the
corrected steering angles are cal cul ated by addi ng
the product of a deviation between the track )
5.\l ditteesipoxintonl gie thed vEOX @ evelbicke @esseegforth in
position, and a pa;goytional ain to the groduct_lo of
claimeli Gharackpiizehdin hak the rerermeeed ofteselnd
devi ation. 6. A steering_.control netﬂgd for_a vghiclg.
angles @rg Gatriinted Hn SAEE R RTILECT n°F ndrdeptation
roportional gain is 15 set to be variable jn.
betiaihddtt o tsh WA S PRt TRl B1° TR Rernd @
t.he vehicle speed, .the poLt ]
aes ol FETH oomd of TEfReETTolat qRhPoR LhERroabee

of [P'ddrivhe Ak Cé@iﬂn ana ¢ afﬂ'?é edi £edréit 1 Ht of hene

correcting steering angle for the rear wheels is
dei@died by multiplying the

6. A steering control method for a vehicle as set forth in
claim 5, characterized in that the proportional gain is
set to be variable in dependence upon a speed of the
vehicle, the higher the vehicle speed, the smaller the

proportional gain.

7. A steering control method for a vehicle as set forth in
claim 1, characterized in that the correcting steering
angle for the rear wheels is obtained by multiplying the
correcting steering angle for the front wheel by a
variable coefficient o which is set to a < 1 when the
vehicle speed is high, but is set to a = 1 when the
vehicle speed is low or when the vehicle runs on a curved

track.



correcting steering angle for the front wheel by a
vari able coefficient a which is set to a < 1 when the
vehicle speed is high, but is set to a > 1 when the
25 vehicle speed is | ow or 38en the vehicle runs on a
curved track. - 38 8. A steering control apparatus
for a vehicle, including a steering nmechanismfor

8. OB G | SorSt R8T | A d F #lis A6 4 e@enI0ee! Sifk14deng a

vehi cl e by actuators 'so to cause the vehicle to run
sty FhP i AT TEM eth # ragkom&hd AT ¢ $ ZeerDyg Hréntt and
preparati on neans including a storage neans storing
rediheiaidlsa off siienceshiclé rag kacomat éironso até ucausg the
condition and a vehicle condition froma departure
vehpictld tw munlest iagirade parmined arcad®, acharatcterized by:
conputi ng neans for conputing pattern steering angles
f or whethrénprapanaddonnmeains dinclugimacti ve change
points of the track fromdata stored in the storage
means so &s Sterggepieans Fdordmy dhexiqiny a digitencm &
on which the pattern steering angles for the 15 front
traghk qaditiin & FuRhng e‘é‘b"é‘gﬁ HAgR Pehrhtteare

| jsted, an on-running steerjng control ans, .
condidiifll Fom & ASRRE e RTHRLi 1) @ IYSERODr P RWPEEAt
osition of the vehicle, 20 a distance detecting neans
or detecting a distance froma departure point,

a first computing means for computing pattern

an

steering angles for the front and rear wheels at
respective change points of the track from data stored in
the storage means so as to prepare a pattern steering
angle table on which the pattern steering angles for the
front and rear wheels at the respective change points are
listed,

an on-running steering control means including:

a means for detecting a track widthwise
position of the vehicle,

a distance detecting means for detecting a
distance from a departure point,

a second computing means receiving steering
angle data on the pattern steering angle table, and
distance data from the distance detecting means, for
calculating a pattern steering angle at an arbitrary
running point, and receiving vehicle position data from

the vehicle position detecting means so as to calculate a
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a second conputing nmeans receiving steering angle
data on the pattern steering angle table, and
di stance data fromthe di stance detecting neans, for
25 calculating a pattern-sB8ering angle at an
arbitrary running point, and receiving vehicle
position data from the vehicle position detecting
cor TR IRP A RlaY R vt Wit cif HHSCitdtk SéREEhWilse
angle wth which the track wi dthwi se position of the
posM&NidH &£C AHHCiviasi oid fediifo st vetkh pasd tdeiredd a
control neans for controlling the actuators 5 in
posa@d@mdan@ei Wi th the pattern steering angle and the
correcting steering angle cal cul ated by the conputing
nmeans, whar eontirb@ oeansnfiomg condeoildd ngorrheolactw@iors
is provided to each of the front and rear wheels,
in jacdepsiaes with tthe aattesn. sieening angky) dvht ke
apparatus as set forth in claim8 characterized in
conmeqtt imee st derinm\anEle £akaikateddighithe RAMRY TR
means from which detection data is delivered to 15
meai¥e conputing nmeans in the start preparati on neans.

10. A steering control agpparatus.as set forth in cl.aim
8, WHSFS&PeF?‘?e&ni'EuPI‘? %t & SEFARNE GRS 58S tll%on

detecyi.ng neans is.no o) ' a [
ool R S 2P S M Ol Gy K penaent.
| L with respect to a ground structure which is
the&%ﬁﬁh% oﬁﬁ the track with such a positiona

relationship that the relative position

9. A steering control apparatus as set forth in claim 8,
characterized in that there is provided a vehicle weight
detecting means from which detection data is delivered to

the computing means in the start preparation means.

10. A steering control apparatus as set forth in claim 8,
characterized in that the track widthwise position
detecting means is mounfed on the vehicle, and is adapted
to detect a track widthwise relative position with respect
to a ground structure which is laid along the track with
such a positional relationship that the relative position

to the track is not changed.

11. A steering control apparatus as set forth in claim 10,
characterized in that there is provided a fail-safe

mechanism comprising a protection track laid on the track,



to the track is not changed. 25 11. A steering contro
apparatus as set forth in claim 10, <characterized in
that there is provided a fail-safe mechani sm
conprising a protection trdf laid on the track, - 40
and protection wheels provided underneath the vehicle
and adapted to travel along the protection track, the

and rgekt e ot Dbk Wilsee DO Spitded et @tdé fge aAtANshe Svenioledand
to the lower portion of the vehicle at a position

addmiced etb | trdwel 5along ecie préoteckicnm bsatk, dehectrack
track wi dthw se distances to left and right walls of

widtlevizeotpesition réeke¢hing deeans oisleneenteadt Fackhe lower
wi dt hwi se position of the vehicle.

portion of the vehicle at a position located in the
protection track so as to detect track widthwise distances

to left and right walls of the protection track in order

to detect a track widthwise position of the vehicle.



