GUI DED VEHI CLE TRANSPORTATI ON SYSTEM BACKGROUND OF
THE I NVENTION Field of the Invention The present
invention relates to a guided vehicle transportation
systemin which a vehicle supported by traveling
wheel s such as rubber-tires wheels for exanple

travel s on a gui deway, the vehicle being equipped with
an automatic steering nechanismand a fail-safe
mechani sGUASED G RGLEI TRANSIRRRTARION YSFEKAsS
occurred in the automatic steering nmechani sm or
strong external lateral force exerts on the vehicle.
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Description of the Related Art

In a new transit system, a vehicle which travels by
driving rubber-tired wheels is generally provided with
guide wheels which are guided along a guide rail laid down
on a guideway along the guideway so that the vehicle is
steered to travel along the guideway, and the vehicle is
usually steered mechanically.

The mechanical guide mechanism is superior in point of
view of safety and reliability, however, structure of
bogies to which the wheels and driving mechanism thereof
are mounted becomes complicated inevitably, is increased
in weight, and results in increased running costs. Further,
it is necessary to lay down the guard rail having enough
strength to support the guide wheels all along the guideway
with high accuracy, which results in increased

construction costs of the guideway.



systemnot requiring a guide rail is proposed in

Japanese Lai d-Open Patent Application No.2002-351544

(patent literature 1). The steering systemof a

gui ded vehicle disclosed in the patent literature 1

I's conposed such that a plurality of on-ground

devi ces which nenorize and send out information

necessary for the operation of the vehicle are laid
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device installed on the vehicle in accordance with the
signals. With the steering system, a guide rail for
steering the vehicle is not required, construction and
maintenance costs can be reduced, and also vibration and
noise are reduced.

A plurality of on-ground devices without electric power
sources is located along whole length of the track at a
predetermined spacing with specific information being
memorized in each of the on-ground devices. The specific
information includes the discrimination number, position
information, track information, and control information
of each concerned on-ground device.

Position information (geographic site information) is
information concerning the position of each on-ground
device such as the absolute coordinate point and distance

from a reference point. Further, +track information



concerning conditions of the track at the site of each
on- ground devi ce such as the gradient, curvature,
cant, ramfication of the track are nenorized in each
of the on-ground device as necessary. Although each
of the on-ground devices is not exited, i.e. has not
been provided with a power source, it emts signals
of the information nmenorized upon receiving electric
copowenimg neand i6fl areli of wahes .t ek oatgtdinds i teviode each
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on-ground device upon receiving the electric power, and
a controlling device which performs prescribed data
processing based on the operation information received by
the receiver and sends a speed directive to the drive motor
for driving the wheels and a steering directive to the
actuator for turning the wheels by means of the tie rod.

However, according to the steering system disclosed in
the patent literature 1, as mechanical steering by means
of the guide rail and guide wheels is not provided, it is
difficult to secure safety of vehicle traveling against
runaway and running out of track when malfunction occurs
in the steering system and under abnormal circumstances
caused by strong wind, rainfall, snowfall, etc. Further,

there occur gradual deviations of the vehicle from the

running course caused by changes in the road friction



3 coefficient, the nunber of passengers, and wear of
the tires, so it is needed to correct such deviations
in order to secure safe and efficient high speed
traveling of the vehicle. The applicant of this
pat ent application proposed a fail-safe nmechanismto
nmeet such a need in Japanese Laid-Open Patent
Appl i cation No.2006-175962 (patent literature 2).
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schematic elevational view of the prior art guided vehicle
transportation system, and FIG.13B is a side elevational
view of FIG.13A.

In FIGS.11 to 13, a letter 'a’ is added to each of
reference numerals of constituent parts and devices
composing the front wheel part of a vehicle 01, a letter
‘b’ is added to each of reference numerals of constituent
parts and devices composing the rear wheel part of a
vehicle 01, and when not discriminating between the front
wheel part and rear wheel part those letters are omitted
and indicated only by reference numerals.

In FIG.1l1l, the vehicle 01 travels along a guideway 08
on which a guard groove 03 is formed to extend along the
guideway 08. The vehicle 01 is supported by a pair of
rubber-tired front wheels 04a and a pair of rubber-tired

rear wheels 04b with. These pairs of front and rear wheels



rear wheels 04b with. These pairs of front and rear

wheels 4 can be turned in lateral horizontal

direction by shifting tie rods 05 in the |ongitudina

direction thereof. The tie rods 05 can be shifted by

actuators 06. As shown in FIG 12A showi ng a front

wheel part, the actuator 06a is controlled according

to an automatic steering system 09 disclosed in the
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th:émﬁe%@édlpothﬁelaeea&wﬂw GBLEpgtiophthgrgagy The tie

t he, actu r 06,to.dire t| a
rodg o PR oS PAE Y5 PYoR o PRHCT O SuRdgkd 08 FAC - 12
shémth@fﬁJ@@méinlséreor@&ese@c@uaw% 85ar fs gmoyﬁo@zaea
and “the arm 021. FI G5. 12A, 12B, 12C, 13A, and

ac@sedshawbo &hemﬁtamhtmﬁelt qwingfsyhmmema cd£s Glos'Ehis in
steering nechanismand fail-safe nechanism 02 of the
thevaghatestOl idreratompoded the sane in the front and
rear wheel parts, and their qgperations w be

éklplaé““hé’@lb)}:q a‘(ﬂ?%@htﬁep?%ﬁn?f gregd ﬁ’éﬁe%& Ja% attached
as Joemla r :Lsa %ctel?iet%cttﬂgt cth q:d 0 that
IR %%

ed o a ogird Wa"'sappor ting € ve

thé”gym'6?1F1§§%&§nebnb§|@ﬁelacﬂdﬁ%6f906r98 @§ﬁebi in the
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actuator to be capable of being shifted inits
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composed the same in the front and rear wheel parts, and

their operations will be explained by taking the front

wheel part as an example in FIGS.12 and 13.

The actuator 06a is attached to a bogie 0la supporting
the vehicle 01 as shown in FIGS.13. In FIGS.12, the tie
rod 05a is composed of a connecting rod 0lla which is
connected to a moving part not shown in the drawings of
the actuator to be capable of being shifted in its
longitudinal direction and left and right steering rods
0l3a, 13a which are connected to the left and right wheels
0O4a, O04a respectively. The steering rods 13a are connected
rotatably to both ends of the tie rod 05a by means of pivot
joints 0l2a respectively, and the steering rods 0l3a are

attached to the front wheels 04a respectively so that the

longitudinal direction of the steering rod 013a always



attached to the front wheels 04a respectively so that

the longitudinal direction of the steering rod 013a

always 5 coincides with the turning direction of the

front wheel 04a, that is, the steering rod 013a turns

together with the front wheel 04a. Wth this

construction, the vehicle 01 travels along the

gui deway 08 with the wheels steered through shifting
coiheitles mdd105SEhéytubeiag WhioecOéancorft ridie etiroptt wheel

automatic steering system09. In FIGS. 12 and 13, the
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of high strength, since they experience reaction forces
from the front wheels 04a and guard wheels 022a and 023a.
FIG.1l4 is an enlarged plan view of the arm 02la and
associated parts, and FIG.1l5 is a perspective view of the
guard wheel 022a or 023a. As shown in FIG.14 and FIG.1l5,
the guard wheel 022a(023a) is composed of a central shaft
026(027) made of aluminum for example. The tire 1is
preferably made as a self-sealing tire consisting of
urethane rubber which is highly resistant to vibration and
wear and a steel belt used for a rubber tire, etc. The guard
wheels 022, 023 are attached to the arm 021la on the under
side thereof to be received in the guard groove 03.
The tie rod 05a is connected to the moving part of the
actuator 06a. However, the moving part of the actuator 06a
and the tie rod 05a shift in the longitudinal direction

of the tie rod, whereas the arm 02la rotates about the



actuator 06a. However, the noving part of the actuator

O6a and the tie rod 05a shift in the |ongitudina

direction of the tie rod, whereas the arm 021la

rotates about the 6 support shaft 024a and an end of

the arm02la follows a circular arc trajectory as the

arm 02la rotates, so a conversion nechani sm of

rotation to translational notion O07a is provided so
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As shown in FIG.13A and 13B, the guard wheels 022a and
023a are received in the guard groove 03 formed along the
guideway 08, and such a clearance is retained between each
of the side walls of thevguard groove 03 respectively that
it is smaller than a clearance with which the vehicle 01
does not deviate than a permissible deviation in its travel
direction.

With the fail-safe mechanism provided, the vehicle 01
travels along the guideway 08 while the actuator 06a is
driven by the automatic steering mechanism disclosed in
the patent literature 1 and the front wheels 04a are
steered by the actuator 06a. As the arm 02la is moved to
direct in the same direction as the front wheels 04a, the

guard wheels 022a and 023a travels in the guard groove 03

without contacting the side walls of the guard groove 03



steered by the actuator 06a. As the arm 02la is noved

to direct in the sane direction as the front wheels

O4a, the guard wheels 022a and 023a travels in the

guard groove 03 without contacting the side walls of

the guard groove 03 7 as the vehicle travels al ong

t he gui deway 08. Wien mal function occurs in the

automatic steering system 09 and there occurs a fear
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operation can be achieved with the very simple
construction, not only simplification and weight saving
of the vehicle, but also simplification of on-ground
facilities and cost reduction of infrastructure can be
achieved.

Further, the guard wheels 022a, 023a do not contact the
side walls of the guard groove 03 as far as the automatic
steering system 09 functions normally, so extra forces do
not exert on the vehicle due to friction between the guard
wheels and side walls of the guard groove.

However, with the fail-safe mechanism disclosed in the
patent literature 2, when external force c due to a gust
of cross wind of instantaneous wind velocity of 60m/s or
larger exerts on the vehicle 01 in the lateral direction
as shown in FIG.1l6A, the vehicle 01 is initially moves

laterally and the guard wheels 022, 023 contact one of the



patent literature 2, when external force ¢ due to a

gust of cross wi nd of instantaneous wi nd velocity of

60m's or larger exerts on the vehicle 01 in the

| ateral direction as shown in FIG 16A, the vehicle 01

isinitially noves laterally and the guard wheels

022, 023 contact one of the 8 side walls of the guard
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roadbed, the side wall does not be deformed by the lateral
forces exerting from the guard wheels, however, when the
sum of the moment d produced by the external lateral force
é and a moment e produced by reaction force g exerting on

the guard wheel from the lee side wall exceeds the moment

m produced by the vehicle weight, the vehicle topples down.

SUMMARY OF THE INVENTION

The present invention was made in 1light of the
background as mentioned above, and the object of the
invention is to provide a guided vehicle transportation
system in which a fail-safe mechanism is constituted by
providing automatic steering mechanisms and guard wheels
to the vehicle and a guard rail on the guideway such that
fear of toppling down of the vehicle is eliminated with

compact system construction even when lateral external



systemin which a fail-safe nechanismis constituted

by providing autonmatic steering nechani sns and guard

wheels to the vehicle and a guard rail on the

gui deway such that fear of toppling down of the

vehicle is elimnated with conpact system

construction even when | ateral external 9 force

exerts on the vehicle. The invention proposes a gui ded
fovehi elkertranspothat vehislystemin which a vehicle

travel s on a pre-established guideway having a
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£ BB ngreorce AT ut Bty 1 nEhBuEPE Sl 0o IR5G AR fflaR it

gu%f‘hlwhg\’ggrseiﬁ] @4 % & i E‘é;h.;'aa;t?bi%aﬂgea lﬁ)ﬁte%rﬁji Bl ane

ward the groove o e guar the top of

refpebtsadaiyal 4, geaird &*éﬁr.ﬂ nieehghas grtd@onNia which the
subsidiary guard wheel smaller in dianeter than that

guatd wheejdsaadewheek ive dberataflalild dosyeaieon giitite cleamter
guard wheel, and said subsidiary guard wheel cones

11mf=g<hii m@wl%.tﬁ%n@e%ﬁ@%e wesessagumﬁeaetween
B ARl e R e SARE T RS SR Ky
faffngacftesm%%a‘ﬁlérh%éiﬁﬁ dehbk€ituted by the guard wheels
and the guard rail, wherein said guard rail has a flange
extending toward the groove of the guard rail at the top
of each side wall, said guard wheel has thereon a
subsidiary guard wheel smaller in diameter than that of
the guard wheel to be rotatable together with the guard
wheel, and said subsidiary guard wheel comes right under
said flange when the vehicle is moved laterally pushed by
lateral external force exerting on the vehicle until the
periphery of the guard wheel contacts one of the side walls
of the groove of the guard rail so that heeling over of
the vehicle is prevented by engagement of the subsidiary
guard wheel with the lower surface of the flange.
According to the invention, when the vehicle receives
lateral external force due to a gust of cross wind of

instantaneous wind velocity of 60m/s or larger for example
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of the groove of the guard rail so that heeling over

of the vehicle is prevented by engagenent of the

subsidiary guard wheel with the | ower surface of the

flange. According to the invention, when the vehicle

receives lateral external force due to a gust of

cross w nd of instantaneous wind velocity of 60ms or

| arger for exanple 10 while the vehicle is traveling,
whibe tishivelhel ¢ e npv &d atvenviai nlg , | Bee yiedel ahd dshmogieat §oward

wheel s contact the side wall of the roove_ of the

legunkde reenq:] theagnand vheels ceptadiathordde walhkf the
str t t I f d

o= SR 80 RS AR AL B R o Ol ABLEREISE LB shee

is SI%%G r.hﬁ‘x&r g %é‘i%n@ohﬁteeqf olthgihaveld ”d deheehas

mever e “subsi diary guard wheel s

to ReOYaded dN fdie thiaké h WEe | te €@8E dIbdch elelle d loarge ablout
the guard rail, and tilting of the vehicle is

thegevwam édcdyt abé pojagentritheft tdeel snbsvieadyofuisaelside.
wheels with the underside surface of the flange. Wen
Howgepri. ohhofs nhs éAdiark oaaidl ks dpekdefpn the guard

IRIHENCN eI N T
of 9L RQVE O i chle ﬂgabgré'@éllltgﬁ the @Hteor@ﬂgﬁg%h%%r’d Ngf the

nmechani snms. The guide rail havi'ng a groove is
sulpé efeaall yushapaths4Ld wibntthRefhrage spad septfancks of the
toward the groove horizontally fromeach of upper
flamges of both side walls respectively. The sane effect
of preventing topglln domn of the vehicle ca

Hen nedeby 1Bhpd tﬁéttet%algu PACE T2REE o t
el R AR PR RIS O b g
wheels positioned in the central portion of the groove of
the guard rail by the automatic steering mechanisms.

The guide rail having a groove is preferably shaped such
that a flange part extends toward the groove horizontally
from each of upper parts of both side walls respectively.

The same effect of preventing toppling down of the
vehicle can be obtained by composing such that the guard
rail has a I-shaped cross section having a flange extending
laterally toward both sides at its top (T-shaped cross
section), the guard rail being laid down along the center
line of the guide track, and guard wheels are received in
grooves formed with both side walls of the guard rail and
both side walls of the guide track which is a depression
formed along the guideway with clearances secured between
the periphery of the guard wheel and the side wall of the

I-shaped guard rail and that of the guide track.
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section) , the guard rail being |aid down along the
center line of the guide track, and guard wheels are
received in grooves forned with both side walls of
the guard rail and both side walls of the guide track
which is a depression forned along the guideway wth
cl earances secured between the periphery of the guard

wheel and the side wall of the 1-shaped guard rai
and tinbs ohstkhe fprmenyr adk.the dwidki sadakelsfopadiengasy
of the guide rail is made easy by adopting the guide

by adepbing- §hepelideosaide Of drr shaRedacrPRE §HSLFOn - and

eel s are receiyed_in both grogves farned j bat
as PR SRt eI 8 PAR TARP EOCH ShaBl el HieLYEs detmed
wi{ﬁaﬁkthr%'i'cﬁ@é!btfytﬁfe R d@iLasaf Gniss doen easads B the
systemof the invention is preferably conposed such
guidat trhexrehi&l eabs 1arGy iciedt et hafil-sla e nbs i Intlheased.
underside of the vehicle rotatable in a | ateral plane
Aot y i ers to & dyyso i vaTef t gn f i x @k e He rab lvefo@ip® s ghguch
interlocking gears for connecting the first arns to
thahe the e¥ehif hechdni BREVIGahat iitle FArST afflSyrgn the
irected _in the.same dir [ as_t f
un‘gﬁﬁsﬁgfroﬁh@é gel}%gg%cﬁ?]%fg?,gﬁ %Pg%asie%%\ﬂ;?%ségrbeout

fifé‘@pogﬁ‘}'ﬁ)&% seaP el sSURPGEdashalt s ¢Rkat lyiéNed and

ateral "plane at both end parts of each of the first

in BB oSt goeky, fand aimidc twhegelthearinstaahed ttow the
both end parts of each of the second arns rotatably

sté@ranigamechapiane sespgdmt vehe famgt danejare directed

i DA 00, SRS PIED O EEr 900, 2eh O LM e
<o §pg i34 S pBEL R p P BB AL a i D sccona
support shafts rotatably in a lateral plane at both end
parts of each of the first arms respectively, and guard
wheels are attached to both end parts of each of the second
arms rotatably in a lateral plane respectively, and
wherein preloading springs each for energizing each of the
second arms so that the guard wheels attached to both end
parts of each of the second arms contact both side walls
of the guard rail respectively.

With this composition, the subsidiary guard wheels
always contact both the guide surfaces, i.e. both the side
walls of the groove of the guard rail. The preloading
spring presses the guard wheels against the guide surfaces
with a spring force not so strong so that the automatic
steering mechanism is not affected and wear of the guard

wheels does not increase, which will result in reduced

durability of the guard wheels, by the exertion of the
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Wth this conposition, the subsidiary guard wheel s

al ways contact both the guide surfaces, i.e. both the

side walls of the groove of the guard rail. The

prel oading spring presses the guard wheel s agai nst

the guide surfaces wth a spring force not so strong

so that the automatic steering nechanismis not

af fected and wear of the guard wheels does not
spriwgefisecenhi ch will result in reduced durability of

the guard wheels, by the exertion_of the 12 s

Ihecanghe @ﬁ&ﬁehﬁ%ﬂﬁ%@t%@@ﬂ%?ﬁ@%?ﬂ&lﬁ%rqﬁ? %?lgﬁ the
| d
BRI i S R
preg%%%QSI gGBtOG Pgt Qm%ﬁ_qhe[larv&ﬁe tﬁgegﬁ%%@%r?é@igoé‘ﬁﬁﬁhhed

e guar rail “respectively so

to bbalh ewenpilrtsi 6EPEHe PaEbS EAUirat cah tiaeithbog paide whlls
the guard rail the guard wheels proceed along the

of grivevguafrd heaglarespeidtivielyi myacthad eivergubf dstepped
wheel s fromthe stepped parts can be absorbed tgrou

Pa#¥ﬁ5ﬁ¥bﬁtoﬁttH@%ﬁ%ﬁﬂmP%FﬁFa§§|ﬁ§@ QHﬂﬁﬁlE?ﬁé FBpcguard

of . the prel oadi rin hi e
WhefeaJ(%r erpe%&e ngﬁ%fn(ﬂ?c%h% gexer % 8% ﬁ%ﬂ éH%%JIdg%\A%ﬂ the
1mﬁ£@¥e£gn he Pﬁdﬁﬂ“#ﬂé%i§ pushedhd Wl ot §ep&krd® can be

unt oth of the guard wheels contact the ee side
abgpivedsurhacaghl tbeaguarml of | thes sbeosyt i agm fagednst

of the preloading spring is determned to be not so
enetgbajngt Fomezonl she |£sr¢b@atié@9ea§?1ryn9m| | the

uard wheels contacting the f w rd
idd ddhks %nesml&&lq e % Pgeiéﬁ St a%?‘i%éswﬂ&rgwce c

exergs ‘on t%% l/ghg. e %151 r@? erQerr?g' %:ﬁ’@@éﬂéf@g.s bﬁ%hed

toward lee side until both of the guard wheels contact the
lee side guide surface of the guard rail. As the spring
force of the preloading spring is determined to be not so
strong, the second arm is rotated easily until the guard
wheels contacting the guide surface of windward side come
to contact the guide surface of leeward side.

When Jlateral external force 1is very strong, the
traveling wheels of windward side tend to be raised, for
the vehicle tends to be heeled over about the ground
contact point of each of the traveling wheels of lee side.
But in this state the subsidiary guard wheels provided on
the guard wheels are engaged under the flange of the guard
rail, so tilting and toppling of the vehicle can be
prevented.

When exertion of the lateral external force ceases, the

normal traveling attitude of the vehicle is recovered by
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traveling wheels of windward side tend to be raised,

for the vehicle tends to be heel ed over about the

ground contact point of each of the traveling wheels

of lee side. But in this state the subsidiary guard

wheel s provided on the guard wheels are engaged under

the flange of the guard rail, so tilting and toppling

of the vehicle can be prevented. \Wen exertion of the
the aetamaditestder bngemechaad sn mnd e ialel tngvels

attitude of the vehicle is recovered. b

h
el b S0 e G e CRATE i ol bRén G fe Trasecss of
endt GydF uarel PSRl CapL Gt IR boRh Ll RS F8888 aing

e guard rarl “respec Yy pus

spPiBLORY Rehy SHEI RADK SN @f athg .second arnms. As the
guard wheel's are always contacting the guide surfaces

&fs ttieeggarat- d avheplshedrdyalivayy etontdacd isyy i tligs guide
and the subsidiary guard wheels are always ri ght under
surfiacelsonért ke gred reflk pashiethgysthereppeding sREENJIS

f th bsi. di d. wheel i ght .und t
ond bl LSS R S 2 ST Ay e
b i t t '

Lof P08 BURARE 0 o PEaBUST S S JOEcken P e

sub$s €A ArY gh@ rid @ niedvieN tiodle riilyd tyuaié F dhle Lowedr BB face
to have a flange part extending laterally from each of

of tttee HYladgesuff deessdldet wd thuaut fail forbguedpagetdheith
uard wheels, a subsidiary guard wheel, which is a

theli LRweRABUBE A G ThA diqenls I Shi 98 WhANGERRereRicle
iSthag th%} of th guard wheel, is provided on each of

A% 88ar§Wﬂﬁél§eFos frotatabl e together with the

Wﬁﬁ&&@@ﬁﬁlt&”ﬁhéhfnvention, the guard rail is formed
to have a flange part extending laterally from each of the
guide surfaces of the guard rail for guiding the guard
wheels, a subsidiary guard wheel, which is a disk made of
rigid material and smaller in diameter than that of the
guard wheel, is provided on each of the guard wheels to
be rotatable together with the guard wheel, and the
subsidiary guard wheel is engaged with the lower surface
of the flange when the periphery of the guard wheel is
brought to contact with the lee side guide surface of the
guide rail at the initial stage of lateral movement of the
vehicle when strong external lateral force exerts on the
vehicle, so tilting and toppling down of the vehicle can
be prevented at an initial stage the vehicle begins tilting
tilting and toppling of the vehicle can be prevented with

requisite minimum force exertion on the guard rail as

compared a case tilting and toppling is prevented after
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subsi diary guard wheel is engaged with the | ower
surface of the flange when the periphery of the guard
wheel is brought to contact with the | ee side guide
surface of the guide rail at the initial stage of
| ateral novenent of the vehicle when strong externa
| ateral force exerts on the vehicle, so tilting and
toppl i ng down of the vehicle can be prevented at an
the nie¢hatlst agesbmewhshi dliel bedi, nwithlouthgieceivinggimpact
pling of the vehicle can be prevented wth
du@egalépﬁgﬁﬁQHrnnnforce exertion on the guard rall as

TRy 5 Tom chy M ahaoria B G uction.
anégﬁﬁéX'QQéﬂH¥gﬁ oguﬁhgolé?gféf-egggrﬂﬁﬂ‘¥ﬁf%et88ases

I nvention Is conpact 1 n constructi on,

thexerdnpp1el &b | abatahwxt amarelonge w&:&&esthet hformal
vehicle can continue traveling with the norma

travaléhigngtatittivdel@wnnaticedly. Farthermore,. evem when
when the rubber tire of the guard wheel is damaged by

th%\ﬁyﬂt&m’éé‘slre PHet g sugafiewfffaﬁéﬁ-“oﬁ%s%% HapRYaraBges -

d bsi.di d wheel.s.. B
§eﬁ ﬁﬁ%%? BB E%wgﬁﬁpF§%§%i:£% E?b henfiotd
Suﬁ%f&ﬁngHQhﬁy§§mwﬁgeqsf|rst enbodi nent of the present

I nventi on ow ng the vehicle and fail-safe
mechanism and FIG 1B is an enlarged view of the part
surrounded by a circle i in FIGIA FIG2 is a

BREER cRESCRIPTION| OF DRAWINGS st enbodiment. FI G 3A
is a schematic_front eIevatlonaI vi ew of _the

i 150 1135 & e chedint Sl TARF el eV A Odtibb I Hehit© eg]faoiflrst
embog E%En%fugﬂ rb?ésgﬁke %%eﬁ?igﬁsshgdfﬁbV@Hécbghlcle

and fail-safe mechanism, and FIG.1B is an enlarged view
of the part surrounded by a circle i in FIG.1A.

FIG.2 is a schematic plan view of the first embodiment.

FIG.3A is a schematic front elevational view of the
vehicle and fail-safe mechanism in the first embodiment
for explaining action of external forces to the vehicle,
and FIG.3B is an enlarged view of the part surrounded by
a circle j in FIG.3A.

FIG.4A is a schematic front elevational view of a second
embodiment of the present invention showing the vehicle
and fail-safe mechanism, and FIG.4B is an enlarged view
of the part surrounded by a circle in FIG.4A.

FIG.5 is a schematic plan view of a second embodiment
of the present invention.

FIG.6A is a schematic front elevational view of the

vehicle and fail-safe mechanism in the second embodiment
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and FIG 3B is an enlarged view of the part surrounded
by acirclej in FIG3A FIG 4Ais a schematic front
el evati onal view of a second enbodinent of the
present invention showing the vehicle and fail-safe
mechanism and FIG 4B is an enlarged view of the part
surrounded by a circle in FIG4A. FIG5 is a schematic
pl an view of a second enbodi mrent of the present
for nvepladnindg GSAL 08 afsekepahnial ffadesl evathemakhicle,
view of the vehicle and fail-safe nechanismin the
and&dtbad6Bnbsdame s lang¢dr varp Qifnithe @&@ntorswfrounded by

external forc tog.the vehicle, and FIG 6B is an
a %ﬁ?gﬁ&ed—’ \i‘irbvfi‘l; 8ﬁe part surrounded by a circle o in
%ﬁo% :ﬂ;% %é‘h thad 1 S&gtﬁf@ﬁ \918kanfV' W&%.é%&giment

di ment pres I nventi on,

of Pahld aprekesst awdmnw et @f 761 Qs 74 spawitA& it heross
guard wheel s engaged into the groove of the guard

sectibnadndiEBwCo £7EIGS 7an shidwiusg ridie guathé@whdelguandaged
wheel s noved to one side in the guard rail due to
1n%ﬁe¢ﬂﬁnﬁ§PQ&&e?ﬁmth%tﬁﬂﬂrqoréél¢oaﬂmaEéﬁkapelS an

LS a hemaj | c de at onal th
LLISTFEehR STt R AUARE (TS0 BBBd L P sife 1n
e
the ﬁg%&?é%éﬁéﬁ%g%@h the gﬂdéfﬁé K sTadl Mt etdeokoroe
to rmé vEh®&ci@® js a schematic side view showing a pair

of guide wheels of FIG9 and associated parts. FIG 11
FdGa &Gchenm | sqileama View ifde he lgvatiantlguwiled of the

fajl-safe mechanism in the third embodiment.

FIG.9 is a schematic plan view showing a pair of guard
wheels of FIG.8 engaging with the side walls of the guard
rail.

FIG.10 is a schematic side view showing a pair of guide
wheels of FIG.9 and associated parts.

FIG.1l1l is a schematic plan view of the prior art guided
vehicle transportation system.

FIGS.12A, B, and C are schematic plan view of the prior
art guided vehicle transportation system for explaining
steering of the rubber-tired front wheels.

FIG.13A is a schematic front elevational view of the
prior art guided vehicle transportation system, and
FIG.13B is a side elevational view of FIG.13A.

FIG.1l4 is an enlarged plan view of the arm 021la and
associated parts of the prior art guided vehicle
transportation system.

FIG.15 is a perspective view of the guard wheel 022a
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vehicle transportati on system FIGS. 12A, B, and C are
schematic plan view of the prior art guided vehicle
transportation systemfor explaining steering of the
rubber-tired front wheels. FIG 13A is a schematic
front elevational view of the prior art guided
vehicle transportation system and FIG 13B is a side
el evational view of FIG 13A. FIG 14 is an enl arged
or pdafavicdiv et heimmaRiagunde dassoiiafled franspof tafd on
prior art guided vehicle transportation system
SY§Ftenis5 is a perspective view of the guard wheel 022a

LR B A o o TR BD AT il g, me vensene
an@lfﬁ§&L%%¥e\ﬁ &59Bi§qpiﬂﬂﬂﬂégpr§ﬁq i@l -d@&f{ §ed venicle
mechanismin the prior art guided vehicle

trdf3porRedtddPNs gy sbamrlodr axpl aiAiAG it Don06f external
external forces to the vehicle, and FIG 16B is an

forakar yedtiieeviebficliehe guat tF ur t 6Bndedabyenlengdd viigw of
FI G 16A. DETAI LED DESCRI PTI ON. OF THE PREFFERRED

thenpaptveNrrPifedr &Y Shifvhr feht & o thECplédent
invention will now be detailed with reference to the
acconpanying drawings. It is intended, however, that

DET‘X#’.EE% RAHdEEHPREDY oW okt | PREFPEIBNSH OBRBOBRIMINT! S,

relative positions and so forth of the constituent
pafd Se t Aeihempohadioreid ® Shakl prbeent eéhpreatteoawill now

illustrative only not as limtative of the scope of
be tdwt pidednw iithy sefegrengFheof thet aesoodiannt pIAAFARINJS .
Iteﬂggdlggggggeéhe ﬁgsggg&jI“%%%Lonuwagsguwﬁarticularly
specified, dimensions, materials, relative positions and
so forth of the constituent parts in the embodiments shall
be interpreted as illustrative only not as limitative of
the scope of the present invention.

[The first embodiment]

A first embodiment of the present invention will now
be explained with reference to FIGS.1l to 3. FIG.1lA is a
schematic front elevational view of the vehicle and
fail-safe mechanism, FIG.1B is an enlarged view of the part
surrounded by a circle i in FIG.1lA, FIG.2 is a schematic
plan view, FIG.3A is a schematic front elevational view
of the vehicle and fail-safe mechanism for explaining
action of external forces to the vehicle, and FIG.3B is
an enlarged view of the part surrounded by a circle j in
FIG.3A. The first embodiment is based on the premise that

the vehicle is provided with the automatic steering

mechanism disclosed in the patent literature 1 and the
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be explained with reference to FIGS.1 to 3. FIGIAis

a schematic front elevational view of the vehicle and

fail-safe nmechanism FIG 1B is an enl arged view of

the part surrounded by a circlei in FIG 1A FIG?2

is a schematic plan view, FIG3A is a schematic front

el evational view of the vehicle and fail-safe

mechani sm for explaining action of external forces to
faihesadld olecshamilsfl Gi3B licsednimriize geat ehdwl dttetipture 2
~ part surrounded by a circle j in FIG3A The first
is chBOYLEH: i s based on the prenmise that the vehicle

. A X ! ! ! _
FREFSELEE 1Y i Gatend MabrStEr I bl g TREORY, BBG1e 1a
prééihé%amﬂf?q‘fgﬁﬁm gkseliped ilthteh@ PALRR whiskarsata &ina

I's provided.” Referring to FIG 2, a vehicle 1 has a
a fd&RtbbgYkelbaprpravdei®dynth ha appairodfrabbber ttiivesll rear
front wheels 4a and a rear bogie Ib provided with a
wheals oftbr.ubBer FilG® rearefohedlos 4bumer#] s 2indicating
reference nuneral s indicating constituent parts and

corgyitde it RHeCFront dR¥HICTAQL dihe thECRENIEPE L PARE OF
thggglgﬁql V\é}_Q al lg%tse’eraéaéganvgi“?o%et %'e@@'e&at :/\Eg and those

C |Jtuent par an vicesS O e rear eel part

in®ichRe nFBbeIsa it QLR tAGELEsWMEE BV EELGMofkhe rear wheel
However,” as the rear wheel part is conposed the sane

pa¥s dhaHg erthiabeda apar hddeal drth aaleaner bb'ar Howetver,
added to the nunerals in FIGS.1 and 3, and al so
as |gheerearavheel 'martrés eamposed thees@vscaspthen front

her eunder when not i scrim_nati bet t f t
WhaRboP A ¢ JRFSEr wieel ShBar AE GoF afdadnBe the

nurhérgﬁ.tsaigeplﬁgt.alt %l?lld/ 3V,i And ﬁlig%orltetters ‘a’ and ‘b’ are

omitted in the description hereunder when not
discriminating between the front wheel part and rear wheel
part.

In FIG.2, an arm 21 is attached rotatably via a support
shaft 24 to the bogie la(lb) below an axle 11 connecting
the pair of rubber-tired wheels 04 at the central part
between the wheels. Guard wheels 22 and 23 are attached
to the arm 21 at both end parts thereof respectively.

In FIG.1l, a depression 10 is formed as a guide track
3 on the surface of a guideway 8 on which the vehicle 1
travels. A guard rail 31 having a rectangular cross section
with its upper side open thereby forming a groove on the
guide track 3 along the center line thereof. The vehicle
1 travels along the guideway 8 with the guard wheels 22
and 23 positioned in the groove formed by the guard rail

31. The vehicle 1 travels in a state the guard wheels 22
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shaft 24 to the bogie la(lb) below an axle 11
connecting the pair of rubber-tired wheels 04 at the
central part between the wheels. Guard wheels 22 and
23 are attached to the arm 21 at both end parts
t hereof respectively. In FIG 1, a depression 10 is
formed as a guide track 3 on the surface of a
gui deway 8 on which the vehicle 1 travels. A guard
and a3 & npviaepkactcthagatadecfose s83% odnthe ghaind rail
upper side open_thereby form ng a groove on the ui de
31t riack- Shfiengathe egnFéP PrREOVIHEDERT meyemJLnFepgitions
avel s al ong the g e I e
wh L8Vt T e g i iyttt dea Y iy R Lom

(nb@l ého%i‘lg The evghisal® whd & BVEL Scodhp2isld @ Resauadtdmade
wheel s 2 18 and 23 do not contac? the gui de faces 32

of afe ttdie wiikteti chrredthandlrubber siige adhlexeai tioheugireoed the
under normal conditions while being steered by an
shafit oanfli 8 t&aadrd hgr oreehahilymt o rfdre sqmm wh¢ﬁé g@@rfot 26
wheel is conprised of a shaft_nade netal w
armr ¢ h¥Ae rauﬁ’c?earr%‘ilge e B 19 @BPP&uﬁd‘%ﬁw‘% ZéhéFt fixed
attac rotatably to the gui de wheel shaft 26
toaPHe &Vlgﬁg beari ng. The gui de wheel shaft 26 is

fA &%si@la@ ah@x?dl wHeSub3bdinalge Guamtbvheehnd3simdaer
netal and snall in diameter than the guard whee

in Ma&ﬁétésnﬂhhnrt}bg @rmrﬂmheexazmkep Ji(smablédddy 5mm for
bet ween a speci al washer 28 and the guard whee
exappre). iphergivdmde@rbetwega guabde ket washe) 28 and the

ou R Eho} LD, I AL EaBEISER L, AL, SRS (20
1o 481 Ses0lorde G181 g1l o LT DL R0 oo
32 Pe3d Mherhe guard rail 31, i.e. the width of the groove
of the guard rail 31, by 100mm for example so that a
clearance of 50mm is secured between the outer periphery
of the guard wheel and the side walls of the groove when
the guard wheel is positioned at the center of the groove.
The guard rail 31 is formed such that a flange 34 extends
substantially horizontally inwardly from the top of each
of the side walls by 15mm for example.

Influence of lateral external force c exerting on the
vehicle 1 will be explained referring to FIG.3. When the
vehicle 1 experiences lateral external force c¢ while
traveling due to a gust of cross wind(cross wind of
instantaneous wind velocity of 60m/s or larger), the
vehicle 1 is pushed laterally and the guard wheels 22 and
23 contact the guide face 32 of the guard rail 31.

When the external force ¢ 1is very strong, the
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of the guard wheel and the side walls of the groove
when the guard wheel is positioned at the center of
the groove. The guard rail 31 is forned such that a
flange 34 extends substantially horizontally inwardly
fromthe top of each of the side walls by 15nm for
exanple. Influence of |ateral external force c
exerting on the vehicle 1 will be explained referring
rubbefFGized\wdree het Q/%Mim@wéréxpéﬂieeﬁ@@ﬁﬂ‘l étoebél raised
external force_c_ whi travellng due to a gust

fortdig ‘thjd?&ﬁoést%ﬂa BP beReah Qn888§ /PR t\/@ih@cﬁtrfund

e r t h| she
cor?{ g?gk?ﬁ%andtatcﬂg %rbar%]g égl S%ZIE dﬁ gg 20% teetﬁlde
HowW 88 ,fece Adb ol qtikewyandd @hbeils 3%hen dhe gdrel %Ieels
force c is very strong, the 19 rubber-tired mhee
22 adndv n8waonesiuadeideniset Dlhageaissedf tlos glh&rxielmadlle 31,
1 tends to be heel ed over about the ground contact
angdihm subidheryuphard whee ek} reegiveergpgéion force

However, the subsidjar uar els 33 of the ar.d
k S| Che pbOueT SRAREL o hend dnge s Sy §F FRATING of

th(gl'@égl[':fal.' 13’51 pr gnttlgsed Wsﬁl'gé XaQH:q_roql éé §3 Thus,

recerve reaction rorce romt e lower surface of

a dd@ntbanadntse tiid t;{(ﬁadefcedt hey vehbChe dst 6 eVeBree k
by the reaction force k. Thus a counter nonent | is

agqpimdticed hppkingaaémantorde prodgaedstby thgpl Lageral
monent d produced by the lateral external force c _and
exr¥pppl fRF IRONENA rﬁfo’éj%EEéllW dnomahnér g DEddFed by a

1t R f PaBoeiryhe %%e"ﬁn% B Er TRrne=a) RE A 22

and  PrEVERL thil g;'urih 1]{1 ?Xghb‘él,eatln@q;l{@rcd‘ﬁﬁberamoment
nmoment m due t e ve wel ght.

I works to prevent tilting of the vehicle together with

a moment m due to the vehicle weight.

When exertion of the external force c ceases, the normal
traveling attitude of the vehicle 1 is recovered by the
automatic steering mechanism and the vehicle travels with
the guard wheels 22 and 23 positioned in the central part
of the groove of the guard rail 31. It is necessary that
the diameter of the subsidiary guard wheel is larger enough
than that of the special washer 28 in order to secure
sufficient contact area between the upper surface of the
subsidiary guard wheel and the lower surface of the flange
34.

According to the embodiment, toppling of the wvehicle
can be prevented by means of the guard rail 31 and guard
wheels 22, 23 of simple construction, and in addition,

heeling over of the vehicle 1 is prevented at an initial
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When exertion of the external force c ceases, the

normal traveling attitude of the vehicle 1 is

recovered by the autonmatic steering nechani smand the

vehicle travels with the guard wheels 22 and 23

positioned in the central part of the groove of the

guard rail 31. It is necessary that the dianeter of

the subsidiary guard wheel is |arger enough than that
stafetteespebiglenhslidn & it rdertidtdagupad toppling of

sufficient. contact area between the upper_ surface o

f
the Wéﬂ;js%%ildFéﬂ‘ybﬁlRa‘F%Vﬁﬂégld Wi i FedpdRdt s ifddppforce
. 4 i di L.
exégs%ﬁhaggetggegufé%%f”rdaﬂp 4 Jcﬂﬁp%ﬁga h”SQEF ?ﬁg%{%? and

e vehi can be prevent y neans o

topplLindli g gvand e ety 2Re ¢¥8n9k 1% WBl Somewhat tilted
construction, and in addition, heeling over of the

witiebuel eekdsvngvanpadt tatdwe toi tinert28. st age t he
vehicle begins tilting, tilting and toppling of the
Fatitther ] vhemheigetéane@fnithe rbatpsiatde e raml force
force exertion_on the guard ra as Qoq?are

ceq B i anFLOBE PAB G0 b Bent B8BTS pHid T G e e zmal
tr%ig??@@i&éﬂ#&g%%tg\dnglbglcl:talrlﬁfgl tﬁgh%zm@)g ,d%%etrpwhen

er, en exertio atera

th& et tfiERr eRasSPSartiRPhy el £ ALRdgEaNY Ay causes,
traveling with the normal traveling attitude

theaftanitat s afikl FunEtiitorecanr ke myventaliaed blyethebbebstiidiary
of the guard wheel is damaged by any causes, the
guand| whgrd & uhtti on can be maintained by the subsidiary

J8 FeREBt AIROTRERE T nvention w11 be  expl a
[ invention will be explained

WS 1109 dobh ESehdPa Pme At CoAAthe 4 $CBRTBUL will be
explained referring to FIGS.4 to 6. FIG.4A is a schematic
front elevational view showing the vehicle and fail-safe
mechanism, and FIG.4B is an enlarged view of the part
surrounded by a circle in FIG.4A, FIG.5 is a schematic plan
view, FIG.6A is a schematic front elevationnal view of the
vehicle and fail-safe mechanism for explaining action of
external forces to the vehicle, and FIG.6B is an enlarged
view of the part surrounded by a circle o in FIG.6A.

Referring to FIG.5, in the second embodiment, a second
arm 41 is attached to each of both end parts of an arm 2,
and guard wheels 22 and 23 are attached respectively to
both end parts of each of the second arms 41.

As shown in FIG.4A and 4B, according to the second
embodiment, a guard rail 45 having an I-shaped cross
section and the guard rail 45 is laid down on the bottom

of a depression 10(guide track 3) formed along the guideway
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front el evational view show ng the vehicle and
fail-safe nechanism and FIG 4B is an enl arged view
of the part surrounded by a circle in FIG4A, FIG5
is a schematic plan view, FIG 6A is a schematic
front elevationnal view of the vehicle and fail-safe
mechani sm for explaining action of external forces to
the vehicle, and FIG 6B is an enlarged view of the
8 ajamg silre mmd’eelrbi,zlaecofctbeodeprlélsam F%h@rmfﬁget.o two
FIGS5, in the second enbodi nrent, a second armi4l is
gro@Yachaget oMt oin bfo% @ dgatra sl %@aﬁm%lon&ﬁdmth

|'s 22 and. hed . |
R R L R S I
whd &1 5153 4A §@t éﬁch%%%dbm ko d Be $8e08d cABUdMaNt are

a guard rail having an |-shaped cross section and
reddevgdant roaié 045 tBel ard doyd @ndt baebepiaxd wheals 22,
depressi on 10 (guide track 3) formed al ong the
23 glitdehegd t@ltaem’ohgrtmd@e&uténe $epengfarmnetl is received
depression. Therefore, grooves are forned

10 Gifue et P i 17 AT ChELPRE S SERAYAR gl d e top
of Jz'gxl 4§r' nt &“ﬁ’s qul ‘%% tr#az?‘ésf1Zﬁ§r?%“25deﬁ¥f@ﬁﬁ'ﬁgz%oward

0 one en he sec arm

botfl?%%'d’@éj tmréx%@f ofcdher gleevesn arthdienavPt HaRehsioned
2, 23 attached to the other end of the second arm 41

abmSe riec eheeslamena  tth ot et theodi e saf embediardrit | @mliparts
grooves. At the top of the guard rail 45 is forned a
and |@ggbees7tbet sadien s oviee of 168thembeskinert cpre denoted

Construction other than that t h
by ERtos A% RAP egendi TRt AL ROOBI A Lo0AE Lof 48 ohAgted.

Q‘%V' ﬁi‘i‘imen:eeis%?tﬁ% EH%JM%}&;&E&’M‘%{%&%éjﬁ%oéﬁgller

Sane rererence nunera nation Is
th&_@fm Eha@ ofher Kt agakera afhébe 2wNSislj asy guarich wigel £3¥ st

is smaller
embodiment. The clearance between the guide surface 46 of
the guard rail 45 and the periphery of the guard wheel
22(23), and the horizontal protrusion of the flange 47 from
each of the guide surfaces 46 of the guard rail 45, are
the same those of the first embodiment.

When the vehicle experiences lateral extefnal force c¢
due to a gust of cross wind, etc., the vehicle 1 is pushed
laterally and the upper surfaces of the subsidiary wheels
22 and 23 come under the lower surface of the flange 47,
and heeling over and toppling down of the vehicle can be
prevented.

That is, a counter moment I is produced by reaction force
k exerting on the subsidiary wheel 33 from the flange 47,

and the moment I and a moment m due to the vehicle weight

act in the direction opposite to a moment 4 produced by

22



than that of the guard wheel 22(23) as is in the first
enbodi nent. The cl earance between the guide surface 46
of the guard rail 45 and the periphery of the guard
wheel 22 (23) , and the horizontal protrusion of the
flange 47 from each of the guide surfaces 46 of the
guard rail 45, are the sane those of the first
enbodi ment. \Wen the vehicle experiences |atera
thexiet aablf exterma U toe ac gusd afmaness m:nduc@td:.by, the
the vehicle 1 is pushed laterally and the uE
reggtigeef ogice @ e¥pEitding W%@éﬁsguzzdar‘@ %o?@ and 23

e ha AR TR o g

ov@F EYEA! @ngIli%tg lfwi OYHER 1. d8n p&é’%ﬁgﬁeg%ed .

reaction rce” k exerting on t sub3|d|ary

Thd FORLERE flkaRgesdton@nenidinl IREREt éFfaBEtds MR@ENprEvent
due to the vehicle weight act in the direction

toppposigt @ovn &f rdreemehd qreodacedoky tRE fhestamebafiiment.
external force c¢c and a nonent produced by the
A&dxe i Uairdr eabpd&ieerthg on the guard wheel s 22 and

t i d f f th d
§Bart ng s oot B ERBRAIRRE TRk o na i i8Ry 1 e
exlgf?ﬂﬁg\ﬁegg%@'rrﬂgfrﬂ @‘rIQ}S the seeong rerbodiieAtschematic

ects to preve toppl 1 ng down of the vehicle, as
planegikhe fRrst7eniedidagsirtibhInedde  dseahddment yiew of
Next, a third enbodi nent of the invention will be
FI@bethQWﬂnﬁeﬂhénguamdeE§€d$oengagﬁdaiﬁmvitha groove
schenatlc plan view,_ FIG is . a partial cross

of &&& pysAd Wév?r of IGRIT§ & §ﬁoﬂq&%58itﬁétgk%fe FhgRdhe guard
wh%ﬁ a%ﬁﬁg? a Ithe grogve thédguggargaﬁalhueFLSieZgrfion

o Rhen“the™ guar
of external lateral force to the vehicle, FIG.8 is a

schematic side elevational view of the fail-safe mechanism,
FIG.9 is a schematic plan view showing a pair of guard
wheels engaging with the side walls of the guard rail, and
FIG.10 is a schematic side view showing a pair of guide
wheels and associated parts.

Referring to FIG.7A and 7B, a second arm 51 is attached
rotatably via a support shaft 52 to an arm 2 at both end
parts thereof. Guard wheels 22 and 23 are attached
respectively via a guard wheel shaft 26 to each of both
end parts of the second arms 51.

As shown in FIGS.9 and 10, a claw 53 is provided to the
under surface of the arm 22 to hook an end of a preloading
spring 55, and a claw 54 is provided to the upper surface
of the second arm 51 to hook the other end of the preloading

spring 55. The preloading spring 55 works to press one of
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wheel s noved to one side in the guard rail due to

exertion of external lateral force to the vehicle,

FIG8 is a schematic side elevational view of the

fail-safe nechanism FIG9 is a schematic plan view

showi ng a pair of guard wheels engaging with the side

walls of the guard rail, and FIG 10 is a schematic

side view showing a pair of guide wheels and
thaspoerdtebepadrst 22 RefmatitachedFt & bdRhandd7Bardas of the

second arm 51 is attached rotatably via a support
segpmfit asm 63 &9 dhe 0widposHTERFe pt tQf tPRPedi decedr dhe

wheel s, 22 d 2 h [
gugkd ERhhed] - Hh tg%%Sgggﬁgcﬁ‘d—l}?&ggge%éxghéﬂ ghge 15,82
23 5§ q{}ge éls%lﬁ%a%eo SRl 40502 o‘fl @We5§uard

i's prOV| suﬂ%ace o the arm 2
rafpokian end of a preloadlng spring 55, and a claw 54
is provided to the upper surface of the second arm 51
T éh qke 1 beddhige s panich 9f 5 5 hprpselesadiig geprdngh&6ls 22,
The prel oading spring 55 works to press one of 23 the
23 perdndfiebhe Bnids sHrHeRes 57 POt ehFRBIRE §PTCRe ROt

second arm51 to t q? face 3% f ne si e of
Sot%‘eroﬁﬁar OfafEagp %ﬁ'ﬁl'b e§s ?h&®ofP ? It 85 gard
or&@?eﬁﬁ gﬁea%% tcg e giﬂ@&nélﬂ&fca%%e%ﬂ{gtrﬁ‘@cﬂhhgrsm and

I de o t rail 31. The preloading spring 55

no’@r€§sﬁéﬁc§:fé%é§_#aﬁéia%§ﬁ|ds rdduc@3dagabisti tneogutde guard
surfaces 32 with a spring force not so strong, for

whexhapke ,wizh. a force of 10 kg or lower, in order not

to affect the automatic steering mechani smand not. to
%Se%%’égv@élﬁlﬁna ‘P%EwééndEP@Olllolnt%/lde%ﬂélgﬂéFGCt1°n of

con%zarm ‘51 and travel direction of the vehicle 1
when the guard wheels 22 and 23 are contacting both the
guide surfaces 32 of the guard rail 31 respectively while
the vehicle is traveling, is 30° or smaller so that even
if stepped parts exist at joining parts of the guard rail
31 the guard wheels proceed along the groove of the guard
rail 31 while absorbing the impact to the guard wheels when
the guard wheels pass the stepped parts on the guide
surfaces 32 through rotation of the second arm 51 against
energizing force of the preloading spring 55.

Construction other than that mentioned above is the same
as that of the first embodiment, and parts and devices the
same as the first embodiment are denoted by the same
reference numerals and explanation is omitted.

As shown in FIG.7C, according to the third invention,
when lateral external force ¢ exerts on the vehicle 1 when

traveling, the vehicle 1 is pushed toward lee side until
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Crossing angle p between the | ongitudinal direction of

the second arm 51 and travel direction of the vehicle

1 when the guard wheels 22 and 23 are contacting both

the guide surfaces 32 of the guard rail 31

respectively while the vehicle is traveling, is 30 or

smal l er so that even if stepped parts exist at

joining parts of the guard rail 31 the guard wheels
bophooeedhdl angatfewheedse 2 4hé placdntraatt Blewhkelee side

absorbing the inpact to the guard wheels when the
gupdarsunfiesies 3ass the guapsedaddr 84 -oAst Reegapgdng force

surfaces 32 through rotation of he sego
of shaPndre kPR §Pg FPF R 8e 3 ith ?ﬁ%FBé&%ﬁ;@$rPﬁgn&§ S0
tr e t
steBRY. b Pl 8RR phFT g 20 niitHd RIS EPRUELL # Ol guara
wh@sytscs%tt%tm?&@é deadi s et rarBogdEMpnh daddend e ome
by the sane reference nunerals and explanation is
to otohttad:t Ashehguidien skifxX d€e adcdrediwmrdostide .t hird
i nvention, when |ateral external force c exerts on

Weemeﬂiadqeerqlmmtewa@elﬂmcet e f\‘/éhi‘f;frléYl Sltsr%%hed:he
toward | ee_si.de ot h _of rd. wh

rulRAToS it atSe hol 1o G avagd b obur PRds 45 BF tRased.
foguﬂ{g J%ic%% 178<HA8 Brllogghégﬁ.gﬁ ogtart QBlerteLt%%d'g%und

determned to be not stron

coﬁﬁﬁeﬁdp®mﬂﬁiE|6frﬁﬁ@1ﬁ6b63$4ﬁ&ﬁﬁd|WhéBQ gUaEdlee side,
wheel s contacting the guide surface of w ndward side
as caheeatly exptlacinéetier gfiede ig ftaw e DG . Beewdralﬁ die of the

~Wen lateral external force c is very strong
fl?ﬁﬁbérn—dti%%@oﬁﬁeémup%*m%ﬁémgﬁ’%élf’éﬂdfs t%u eln this

N o A R S
22 W858! 24 Afrd @en§bf€the flange 34 of the guard rail 31,
so tilting and toppling of the vehicle can be prevented.

Tilting or toppling of the vehicle 1 is prevented by
reaction force from the flange to two guard wheels 22 and
23 in the third embodiment, load to one guard wheel is
halved as compared with the first embodiments.

When exertion of the lateral external force c ceases,
the normal traveling attitude of the vehicle 1 is recovered
by the automatic steering mechanism and the vehicle
travels with the guard wheels 22 and 23 contacting both
the guide surfaces 32 of the guard rail 31 respectively
pushed by the preloading springs 55 via the second arms
51 respectively.

In this embodiment, the guard wheels 22 and 23 are always
contacting the guide surfaces 32 of the guard rail 31

pushed by the preloading spring 55 and the subsidiary guard
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as already explained referring to FIG 3 and FI G 6 of

the first and second enbodi nents respectively. But in

this state the subsidiary guard wheels 33 on the

guard wheels 22 and 23 are under the flange 34 of the

guard rail 31, so tilting and toppling of the vehicle

can be prevented. Tilting or toppling of the vehicle 1

is prevented by reaction force fromthe flange to two
wh@dasd3sheet sa PragsdrigBti andes thier d osrodiurdfiaces aal the

to one guard wheel is halved as conpared wth the
flénhgets efodrasmes:t Wehyexetheonupbetthesuatfaregs of the

external force_c ceases the normal travelin

subiiiady Gtk Weeetfe3d i 33reeBGergh oy the lower
t t t ' ' d_t '
suagta%ré?olfc t%ggf%%gg{ég%%aﬁglgg s'ila% ‘(ﬁhﬂr%‘ggt E%&;iﬁ'et% be

he guar contact’i ng

en§Hbee RYkhacgs 33wefr Lhe rHd b aiHe 3k 8IRRCIEIRIJe when
puShed by the prel oading springs 55 via the secon

thar eehbdleespecis velgvwedn tdwardnbbdenesntdet heThaaedore,
wheel s 22 and 23 are always contacting the guide
retiipbdddst BoHivehdcdeat® Rl 1ng1Preysioi @9 fHection can

r el oadi [ 55 dth bsi di d 25
be%ge%rga'e:%%af g WHAT S i S L cRF ot PRCFERSS St BIPSF bY
o Ein A ESBHL b S gPBRRGHSRTE (f prace

wht8esl pwer 1 SWHaEEe 0fint bRef FaRga: Hmwdal@ent d&d 8 guard
wi thout fail to be engaged with the |ower surface of

whébe sl persi deeiiabhgeimhdre sdrwonémnfalird embediments),

toward | ee side. Therefore, reliability of vehicle
loadppkewd ot eremadh ¢finkkpoausad whes herdagBdpreNenting

o1 TR, IS 2300 A ACL PR o CHIST D 8 L BB e
with the first embodiment as is in the second embodiment,
so safety is increased in the case of the second and third
embodiments.

As the second arm 51 is preloaded by the spring 55 so
that the arm 51 is rotatable about the support shaft 24
supporting the arm 51 at the center thereof, impact that
will exerts on the guard wheels when the guard wheels pass
the steps at jointed parts of the guard rail or bifurcation
area of the guard rail will be alleviated, so occurrence
of damage to the guard wheels or other parts of the
fail-safe mechanism can be eliminated or reduced. With the
increase impact damping performance, ride quality is
improved and occurrence of wear and damage of the guard

wheels is prevented.

26



wheel s per 1 vehicle in the first enbodi nent and 8
guard wheels per 1 vehicle in the second and third
enbodi ments) , |oad exerted on each of the guard
wheel s when preventing tilting and toppling of the
vehicle is halved as conpared wth the first
enbodi nent as is in the second enbodi nent, so safety
is increased in the case of the second and third
INEUPDRAURAIE HPPL PSABHE IFECONd arm 51 is prel oaded by the
spring 55 so that the arm51 is rotatable about the
dqpordispafe tve inysporiong veleiaimizipRi ipgcPEEHEgtion
thereof, inpact that wl] exerts_op. the _gquard wheels

g I
LURBEAOPHEPUaPE WHPAW $AsBY (¢ stEhL~ 5050 Saapasts of
. of .th il or, bifu i f .
sufarp o R b "BE TS y 2R EQ 8, e Bt ion
sydbe€mouagd whgglisror ether RaHscPé therabdils saffiong a

mechani sm can be elimnated or reduced. Wth the
pré neseadd idmpadt dagpidewssr f or vancke ri deefjoglitysiteered
i mproved and occurrence of wear and danmge of the
augemaldiogdel &iheubvening meshpROgERd AteeringApy (Yss of
According to the inventjon,, vehicle toppling . .
guard,¥heeds FhcRi SHaE rt?el}np?g\‘ied aﬁ'\?’o BEOYAAPAs Y sh 2
chani_sm aof | e st | in ui vai £l &n
faﬁagggcﬁ {T}gtgiccl)'lr?sdis%%t e€n&?n %ﬁ%ﬁ??ﬁe 3§ﬁigcl g'etgﬁavg}és: en
ma BF QA8 t3 oPIFe 88+ 8D S he@ Wi emay ivhishke dieing méenaad sm,
automatically wi thout using nechanical steering by use
andfsafeayd ischealsranded guet dcrave listgc.ofanthervehdede at
~with a fail-safe nmechanismfor securing safe steering
higper spgsdikanoReodAtes PASEARLILUt omatic steering
mechani sm
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and safety is increased and traveling of the vehicle
at higher speed can be nmade possible. 27 CLAIMS 1. A
gui ded vehicle transportation systemin which a
vehicle travels on a pre-established gui deway having a
depression as a guide track, the vehicle being
provided wth automatic steering nechani sns for
steering front wheels and rear wheels respectively by
nmeans of actuators eachChbAIM$ provided for steering
the front and rear wheels, the vehicle being provided
Wi th guard wheels in its under side rotatably in a

| at I \ . d l..h i
L P B Bl Py SR il o
oo, B LR o

de f:eb@%@ilaiéi arghiabeitradiaj dc Hewrealiasig: theingnpeovided
ine of the guide track, a fail-safe nechani sm being

witnnaMﬂQm@ﬂlbysﬁmergugrmaMh@hssmaifhe gl iagl front
wherein said guard rail has a_ flange extending toward
Wh@ﬁésgﬁﬁévéeaéfWhﬁ@1@U§ﬁ§HQﬁY13P1ﬂhBY1%5a8ﬁ Q%CﬁC§P@§°rS

d d
i WP ETERR A i
thnggilE egﬁ%ﬁb%@&ﬁdé&gﬁlgﬁr?ﬂhkﬁ.%W%é%@ﬁ§1ﬁhﬁﬁhnder

and sal sub lary guard wheel cones right under

sigdl Hothargs ywiew 4 heavekadl @ lane Moy egludatieralilly having a
pushed by l|lateral external force exerting on the
greetiecie whit¢h tthe gyery phdree b are nare tivedcelth an ample

contacts one of the side walls of the roove
C1EaRRBCS (1 SABAPRAS OB T TREByERC PO EAB AR G e guard

wh%?vggﬁegrl s:.%ng%%irie(%afist)hgfsgﬁﬁ' 85:%@(:@‘6%’ q:h\@%%ard
rail being laid down along the center line of the guide
track, a fail-safe mechanism being constituted by the
guard wheels and the guard rail, wherein

said guard rail has a flange extending toward the groove
of the guard rail at the top of each side wall,said guard
wheel has thereon a subsidiary guard wheel smaller in
diameter than that of the guard wheel to be rotatable
together with the guard wheel, and said subsidiary guard
wheel comes right under said flange when the vehicle is
moved laterally pushed by lateral external force exerting
on the vehicle until the periphery of the guard wheel
contacts one of the side walls of the groove of the guard
rail so that heeling over of the vehicle is prevented by
engagement of the subsidiary guard wheel with the lower

surface of the flange.
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surface of the flange. 28 2. A guided vehicle
transportation systemaccording to claim1l1, wherein
said guard rail has a |I-shaped cross section having a
flange extending laterally toward both sides at its
top, or T-shaped cross section, the guard rail being
| aid down al ong the center |ine of the guide track,
and guard wheel s are received in grooves fornmed with

2. bot A gsiide dwldisi @ettreagapod tradi lommsly bben arderdding to

of the quide track which is a depression_forned alo ng
claike dui dg‘wmelw 1592 %qd egpaFce T 3L UNEF bRt RS aRfd crdss

seqty EBﬁé i f;ahe R R T o it o
suﬂ%‘é i\(:@whgk SQH%. %td R oS AP Q:'hrkgfgh%rd rail
al e| n

e veRicle is provided With first

beiddBlaia abﬁnuamehsy dd eDicedrte v el sé eo f ot At aph edent@ack,
| ateral plane about first support shafts fixed to the

and/ghiat @, wheedlsi arer reckiinge Gdar gﬁqueanﬁecmbﬂgwm@ both
first arnse to the steering nechanisps so that_th

sige realapne fartd 9l 98a8r8d rainl 3R sBAL g iSHs i WH! 48 Pﬁethe

o S g RS L 09 Ky MO8
witl? té%ﬂﬂ%basasééh@réﬁ b%ltm@ttr@bléﬁ%eﬁﬁrdﬁ t@fe guard

each e first arns respectively, and guard wheels
whed B aaid ached itde heill ofdthar I s shfapeat lyweird e ise@ont that
arnms rotatably in a |ateral plane respectively, and
of witiee egnigdee|toa@itg springs each for energizing each of
the second arns so that the guard wheels attached to
both end parts of each of the second arns contact

3. bOtR SuQ%é%ﬂJéilé&etgfaggg %ﬂéﬂioHQ§P§EEbV§E$ordlng to

claim 1, wherein the vehicle is provided with first arms
in the underside of the vehicle rotatable in a lateral
plane about first support shafts fixed to the vehicle, and
interlocking gears for connecting the first arms to the
steering mechanisms so that the first arms are directed
in the same direction as the front wheels and rear wheels
respectively, wherein second arms are supported via second
support shafts rotatably in a lateral plane at both end
parts of each of the first arms respectively, and guard
wheels are attached to both end parts of each of the second
arms rotatably in a lateral plane respectively, and
wherein preloading springs each for energizing each of the
second arms so that the guard wheels attached to both end
parts of each of the second arms contact both side walls

of the guard rail respectively.
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29 4. A guided vehicle transportati on system accordi ng
to claim3, wherein a crossing angl e between
| ongi tudinal direction of the second arm and travel
direction of the vehicle is 30 or smaller when the
guard wheel s attached to both end parts of the second
armcontact both side walls of the guard rai
respectively. 5. A guided vehicle transportation
4. skspeamdeotovehihglieo trcdmspoltathicrei aysdieth guacdrddinlg to
havi ng a groove is shaped such that a flange part )
claimedds Wawae dnt Be QrovsenIhemiFont Retyemont @agh tydinal

upper. part i i .
dirggtio% o) tfebgctep:oildd%r\,\r’r?lellr?d {:%3 eeC.I.t Idvienlrgct?.gn of the

vehicle is 30° or smaller when the guard wheels attached
to both end parts of the second arm contact both side walls

of the guard rail respectively.

5. A guided vehicle transportation system according to
claim 1, wherein said guard rail having a groove is shaped
such that a flange part extends toward the dgroove
horizontally from each of upper parts of both side walls

respectively.
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