GUI DED VEHI CLE TRANSPORTATI ON SYSTEM BACKGROUND OF THE
| NVENTI ON 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 travels
on a gui deway, the vehicle being equipped with an
automatic steering nmechanismand a fail- safe
mechani sm for coping with a case nal function has
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Description of the Related Art In a new transit
system a vehicle which travels by driving
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vehicle is usually steered nmechanically.

transportation system in which a vehicle supported by
traveling wheels such as rubber-tires wheels for example
travels on a guideway, the vehicle being equipped with an
automatic steering mechanismand a fail-safe mechanism for
coping with a case malfunction has occurred in the

automatic steering mechanism or strong external lateral

force exerts on the vehicle.

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.



The mechani cal gui de nmechanismis superior in point of
view of safety and reliability, however, structure of
bogi es to which the wheels and driving nmechani sm

t hereof are nounted becones conplicated 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

wheel s all al ong the guideway with high accuracy,

ich results in.ncrease onstructio ts_o .
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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. Al t hough 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
power by neans of radi o waves. The on-ground device
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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



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 nechanismto
nmeet such a need in Japanese Lai d- Open Patent
Appl i cation No.2006-175962 (patent literature 2). This
fail-safe nechanisn1mﬁ|| be explained with reference

11t = Ney c V. f

C?ﬁfgﬁfﬁgP%arg gU| J’d%h.c|%gfggﬁggg%{af?%ﬁQEV%fg%f the

tEEES, 194\ tBi saméle fedl o ToeBd t Gudmaeviiawiohd ha order
prior art guided vehicle transportation system for

texptaunenepe cend ref HiciaetriubgbrspepédtTaval indeef sthe
FIG|13A is a schematic el evational view of the prior

V%Pfcgﬁlded vehicle transportation system and FI G 13B

| Sprie Sdgler LN at benah 1\ gﬁ%@éngl Spp3Acation HHdgesdd a

to 13, a letter 'a'" is a d to each of reference
falhesaks (ufecdmmmmuetmx paets sareh devintesd cérpokipapese

the front wheel t of hicle 0 Th i
LAUGcUPED cBEFoBE L BPRYLAAE Tathoy 2Ugd LTAdEE  patént
15?@ }.étaeg FeViges: GATROSIAE WienEAsneeh pardxPlafned

and when not discrimnating between the
wimrrteﬂ/&mlcqoarot}?aes Laaro \Mﬁ!eeFIGarltl m@sechemtaens mkan
omtted and indicated only ref erence nunera

view pfcthe PEHRT @i aPédef Y? vete %lr%%ﬁparﬁaitaew%em
rfds wo,gh g gggdcg egvs raascfcorﬂ”ﬁdn L0 SXtEAT 1 d OB o

gU|demay & veh e 01 i's supported by a pair
aPf dgubled-vérnediér 0ﬁhnwbee:|t$1t(14:m ary tepaior ce.‘xplalnlng
rubber-tired rear wheels 04b wth. These pairs
steQRingmeif rde BRI - tizad %EOPErﬂBEGFﬁ IaF%FaF3A is a

Ltf}?édlégg%l naq}g{sﬁg 5-] \g_yetvﬁglff{%gg%ﬁe ti e r O§§déa J%Cle

ongl dlrec I on ereo 05 can be
tzsikh:ﬁﬁ@ﬂtbylaﬁt saseem,08naABIchesB ib &|4E dd 24 eshowiomal

a front wheel part, the actuator 06a is controlled
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i|1Jr¥ié§qffttgiH%ﬂagyrfegter ‘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.11, 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



An arm 021 to which a pair of guard wheels is attached
as nentioned later is connected to the actuator 06 so
that the arm 021 is turned by the actuator 06 to
direct in the sane direction as the pair of front or
rear wheels 04. A fail-safe mechanismis conposed by
the guard groove 03 and the arm 021. In FIGS. 12A, 12B,
12C, 13A, and 13B are shown the front wheel part of
the vehicle 01. The steering mechani sm and
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rod 05a is composed of a connecting rod 0Olla 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
0l13a, 13a which are connected to the left and right wheels
O04a, O4a respectively. The steering rods 13a are connected
rotatably to both ends of the tie rod 05a by means of pivot
joints 0l12a respectively, and the steering rods 01l3a are
attached to the front wheels 04a respectively so that the

longitudinal direction of the steering rod 0l13a always



FIG 14 is an enlarged plan view of the arm 02l1la and
associ ated parts, and FIG 15 is a perspective view of
the guard wheel 022a or 023a. As shown in FIG 14 and
FI G 15, the guard wheel 022a(023a) is conposed of a
central shaft 026(027) made of alum num for exanple.
The tire is preferably nade as a self-sealing tire
consi sting of urethane rubber which is highly
resistant to vibration and mear and a steel belt used
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guard wheel 022a or 023a. As shown in FIG.14 and FIG.15,

the guard wheel 022a(023a) is composed of a central shaft
026(027) made of aluminum for example. The tire is
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 02l1la 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



Wth the fail-safe nechani sm provided, the vehicle 01
travel s along the gui deway 08 while the actuator 06a
is driven by the automatic steering nmechani sm

di sclosed in the patent literature 1 and the front
wheel s 0O4a are steered by the actuator 06a. As the arm
021a is noved to direct in the sanme direction as the
front wheels 04a, the guard wheels 022a and 023a
travels in the guard groove 03 wi thout contacting the
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t A gharwch ghoPE6. 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 thelguard 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



However, with the fail-safe nechani smdisclosed in the
patent literature 2, when external force c 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 side walls of the guard rail
03. Wen the cross wind is very strong, the side wall
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‘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.16A, the vehicle 01 is initially moves

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



force exerts on the vehicle. The invention
proposes a gui ded vehicle transportation systemin
whi ch a vehicle travels on a pre-established gui deway
havi ng a depression as a guide track, the vehicle
bei ng provided wth automatic steering nmechanisns for
steering front wheels and rear wheels respectively by
nmeans of actuators each being provided for steering
the front and rear wheels, the vehicle being provided

wIth rd s in its under. side ro {a
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oof tbaoggamdnar@pwaqsﬁaam%rfezme%w %Il%'rw%?ne% khe

or arge for t.he Y
road 98h| g ?% téﬁﬁ?&ofé%eéﬁﬁg i fﬁ%kﬁg Fat8fa1
r¥beeksegaptaealy EE%nSkﬂ% wahEdO&héB@sgrneweveE thﬂen the

guard rail. When the lateral external force is verg
senrghghe m@nnemax/élpnngeélbﬁfthm paherdadi §ateEadstepce

be raised, for the veh| l.e tend el e
i Tt o B MRS o PR e Cr e d Srat Eing o
tRE é@&r&'ﬂ?eetbﬁﬂrﬁrthé hies & Wasiedivany gﬂaé@d\MWEEE&noment
provi ded on the guard wheels cone under the flange of

mipe Guae d biyathe vaeidic¢ie wiedghdf, the wadhicle topples down.
prevented by the engagenent of the subsidiary guard
wheel s with the underside surface of the flange.

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



When exertion of |ateral external force ceases, the
vehicle is recovered to its normal position with the
guard wheel s positioned in the central portion of the
groove of the guard rail by the automatic steering
mechani sns. 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 sane

effect of preventing t.o i ng down of the vehicle can
f8§c8bte€ﬁeﬁé% A gtd}ﬁpg"s?lh gJS%Ch that the guard rail has

a %ﬁémﬂ%@w&%&%waheuiaeaaféﬂlﬁags e d el Pgation

laterally toward both sides at its top (T-shaped cross
sgeteimonn, vhichyuardehaclebérayelai @ndavp orgitathbished

center line of the guide track, and guard mhggls re
Ip&EEMFIINARLIBP R FEP TGTHRP Wit R BHtIF @S malPE BF T RE®

d 12 i i €n gUIndRHd G

b%??h plrxgi‘}allg%grggglﬂo%u%%rﬂr%dlil %%Eéfhgggui deway vﬁ hfor

s €beBLARC B &et Uvkee Dot waen tdrer pehepher yesfpadiel vrigy dby
wheel and the side wall of the |I-shaped guard rail and

mepgre of pREUGHOFS easdk Peing RLPHifed cBle Storhing bhe
£EDRLIUNEC LA % SRS £RSYyEY189APHENG ] - Al e M@l Ln

shapéd ¢ross section, an e guard wheels are

ghigeaimesk 18 ihot bsoivyes ifqy redatiabl ybbh fa Shdesadfpliee
guard rail and both sides of the guide track, .
respegilvietly .ofe e Tdinaishf@ying frereye in whigh the

R R B N R L R e R

1vndes sitthe ghibbet ¥ebk ¢lL cnelaataalleebeing satarali pd twmeen
about first support shafts fixed to the vehicle, and

eaphepifockidsy wrehts ¢6r theneadvry ¢hethper stagidyrapl. 2

th t ' h that, t f.i
RSN LR R NGRS N
ah@¥ n¥heehsarespectyNel¥inWbeiai guseaondiarnasaseflange

supported via second support shafts rotatably in a
exherdahgpktanerdt thet arenyepaft $hef geath vpidhatiFpgrtop

rnms_respectivel and ard wheel 5 ar ttac
°€oterf"§hd SF&% sW8¥1eacﬁa_ga t?lléajé‘gcownaeeaf_rr%arsot gggﬁ%&’ﬁ n®
@b aehal BLARE WASRACKMEINer alf dMEKSt & PERARAEh AT of
springs each for energizing each of the second arns so
thdaguahd gheerd whebksratedebde ttodsediherndl arfke @guard

wlg%%fdo;réq%resr%g %n s\"’}féﬁﬁ:?{?%tu%?a Qv%teglsgg%e\éalrgghgfuﬁgeer
said flange when the vehicle is moved laterally pushed by
lateral external force exerting on the v_ehicle 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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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 oadi ng spring presses the guard wheel s agai nst the
gui de surfaces with a spring force not so strong so
that the automatic steering nmechanismis not affected
and wear of the guard wheels does not increase, which
wWill result in reduced durability of the guard wheel s,

by _t exertiqn of .the ring,fo T
RIS e RBBA TGt Cad e L 1 &0 CeRBPLEHE Bedand aia e
1800 148v8la dhkeghhen whebhe yehtsbe tise priaferabllyoBOthe
or smaller when the guard wheels attached to both end

gpeote af thee gswguhdadlm PboemathebbrhespdeeXberaadiferee

_guard rail respectjvely so that even I.f .stepped

1 Sy FETpa RSP TE I HE L AP aTE Gudpd etas

cdhgels 1 Lacesd  aliNg it 1 @R%AOE o e nBAlG babk dbut
I mpact to the guard wheels fromthe stepped parts can

tihe gahisnrdedntthicaughinat af itdre bfavheeé inacenee brafi dgai asde .
energi zing force of the preloading:é$ring. ¥%th 4
Hewip¥CEoristd atbisdnll atie AupHidel AP xR At 4P Qe tRe guar
eXe{Ls epjg! | § k- 26 1v.€Bhal©116s
Wrb%%%%dmtq%v\grgg‘el\éeghéi%’egywui%]ioltfr g}gtghé of the guard V\hleel lsng
of£O0BhactydHicl€eisi @dagrimicedubfadtheof ehbagguand rodl | the

As the spring force of the preloading spring_is
sefes bAHRAEAI BT BevhiRR 18 7R It UPH@r§érEfﬁ1c§“%|fﬁwcies°f the
£ otated easily until the guard wheels contacting the
U8 surface of windward side come to contact the
Ouinds dxdaeconf oFeawaed 4l dextern¥beolrateercalases, the

external force is very strong, the tfayelig%imheels of
vehhaharis siegoveanfl to bEsmeseal Hail s yéiifcFBe s
to be heel ed over. ahqut f : i £
b FOThE PRAGe ng st St e SThe . Be Fhobhes”
t15d g €athersubsbei ane girdhateel stpspyndetleohahhems.

guard wheel s are engaged under the flange of the guard

r &ble, g8 ddei tai hdaarichd GppF PAYSOFS PR eaHPdT SBaRCHes toh
tﬁggﬁfgﬁ%%ge 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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When exertion of the lateral external force ceases,
the normal traveling attitude of the vehicle is
recovered by the autonmatic steering nechani smand the
vehicle travels with the guard wheel s contacting both
gui de surfaces of the guard rail respectively pushed
by the preloading spring by way of the second arns.

As the guard wheel s are always contacting the guide
surfaces of the guardrail pushed by the prel oadi ng

I I
ThiHrferetne THRRLINPE, Y GUIREINELGLE RS cacy

by RRESp EUR fagles ffiddeasubsicdiasyagedr droseessctanm, and
ri ght under the |ower surface of the flange of |ee
asi thewtaodt wheell st 6Tlse rergdgat vint PatHe Jerwyes ufeared

W{.gl‘}\a{gat*ﬂegl La%goffl %tr]x%e Vt\l'%er rhae Vehli]&lt?of:ﬁ\‘ %‘P&SQ ?ﬁethe

cor I ng I nven
gg¥aedirakk i §ef3.%rm<ilttqr havea e fdanges s tiexdentk dged.

laterally from each of the gui de surfaces of the guard
r alhle bystgm dfrghe h@mmmpsef&rm gpapysgdasdch

. Which is a dis i d rlal and
thRE e | HORaher oi® cHAMVLRSE of Phe oy GRRE 11 gthe
uPhO¥598d £ 8RRl ciBe PUBFLh b es § ltaQ:ebJ.&aI Qtl&tn@béﬁout

together wth the guard wheel, and the subsidiary
finatd whegornts evigafes wﬁukaﬂmat@methsurW@Q;Qﬁexheand

fl ange when the periphery of the quard whe IS
LB SEUAPRLOTBRAG SR KOPRET TP e obd Het saF PackO oFhe

st & 9H dﬁe%ﬁlahlg'inst I%% Rt AHneStades ©fadid edPd directed

nnvene e vehicle when strong external | ateral
if aioe sevned 109 rere ttihen wehitblee froo tt wheeAg and reppl Wlmgels
down of the vehicle can be_ prevented at an init

respgetiNelvenfkeEehbRrFarOR PFf“ﬁgar? |S1"tﬂl%fg”a$‘?j Vt-’-&p?ﬁ??]@d
%}?6{1@ YRDEELe xR0 0% 1) Qe ﬁ%ﬁ@fﬁ SO S 1€ 3 fhNURR

exertion on the guard rail as conpared a case

pdrtéiog aadnt oppthegfusSpr evenst et safdcrively, 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

12



the vehicle is sonewhat tilted, without receiving

i mpact due to inertia. The system of the invention

is conpact in construction, and when exertion of the

| ateral external force ceases, the vehicle can

continue traveling wwth the normal traveling attitude

automatically. Furthernore, even when the rubber tire

of the guard wheel is damaged by any causes, the
fail-safe function can be maintained by the rigid
Ssu_b3|d gr%eguard wheel s. BRI EF DESCRI PTI ON OF DRAW NGS
@9 1A°7%%a schematic front elevational view of a

fiphgt iR v tddén PIEsgDtulinMaNt dafestAWMP 1 e
vehicle and fail -safe nmechanism and FIG 1B is an

seardral gednvi ewdof trhwepar disectdgndedfbythe civat e s
oA R 0 o5 eSS G it e iR, i Pnge
PPl otk s smatnriem g
off ofleesgti@ard heatehirelspe caridr G 88 tBatnevphaided bARRed
of the part surrounded by a circle j in, FlG3A

parts exist at joining parts of the duard rail the guard
wheels proceed along the groove of the guard rail the
impact to the guard wheels from the stepped parts can be
absorbed through rotation of the second arm against
energizing force of the preloading spring.

With this construction, when lateral external force c
exerts on the vehicle when traveling, the vehicle is pushed
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 lateral 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

13



FIG 4A is a schematic front elevational view of a
second enbodi nent of the present invention show ng the
vehicle and fail -safe mechanism and FIG 4B is an

enl arged view of the part surrounded by a circle in

FI G 4A. FIG5 is a schematic plan view of a second
enbodi nrent of the present invention. FIG6A is a
schematic front el evational view of the vehicle and
fail-safe mechanismin the second enbodi nent for

tgggggkgh\ggiecgkeerqﬁgfg%gﬁgﬁhsino?ﬁastﬁg Lhe; yehi &gv%ls

( 'S an en view of the part surrounde
whyhateier guara wheklls GAdntactildy Mots fubadesmifacpsaost
view of a third enbodi nent of the present invention.
tRpGIRNG napdr tiedretbsee ke cPUsHEd Rewtse mxeleading
show ng_the_gu wheel s engaged i nto the groove of
s?ﬁénguﬁydwﬁiléyknﬂfFﬁ?f %%ggﬁ'illustration when t he
guy denbegharaDvwead d1s Qe Sdtgays tBatgealithd aile dg@ide

to exertion of external |ateral force to the vehicle.

surfaces of the guard rail pushed by the preloading springs
and the subsidiary guard wheels are always right under the
lower surfaces of the flanges, the upper surfaces of the
subsidiary guard wheels come right under the lower surface
of the flange of lee side without fail to be engaged with
the lower surface of the lee side flange when the vehicle
is moved toward lee side.

According to the invention, 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 exertiomn on the guard rail as

compared a case tilting and toppling is prevented after

14



FIG8 is a schematic side el evational view of the
fail-safe mechanismin the third enbodi ment. FIG9
is a schematic plan view show ng a pair of guard
wheel s of FIG 8 engaging wwth the side walls of the
guard rail. FIG 10 is a schematic side view show ng
a pair of guide wheels of FIG 9 and associ ated parts.
FIG 11 is a schematic plan view of the prior art

gui ded vehicle transportati on system FI GS. 12A, B,

tlizl%hvegr:lerf? ;%ggg?r{l %aﬂ: % SiieeciN lettln)%tf)rﬂe%elq;lnggli'nq:%

I%n "system for aini ng steering
a@d theifspbeg-tired front wheel s. FIG13A is a
schematic front elevational view of the prior art
gihdedysekincd £ threanspenttdoroh ssyeneas t aifd CPRE TSR 10Ty

side el evational view of _F
and when exertion of %ﬁe laLerai external force ceases,

the vehicle can continue traveling with the normal
traveling attitude automatically. Furthermore, even when
the rubber tire of the guard wheel is damaged by any causes,
the fail-safe function can be maintained by the rigid

subsidiary guard wheels.

BRIEF DESCRIPTION OF DRAWINGS

FIG.1lA is a schematic front elevational view of a first
embodiment of the present invention showing the vehicle
and fail-safe mechanism, and FIG.1B is an enlarged view
of the part surrounded by a circle i in FIG.1lA.

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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FIG 14 is an enlarged plan view of the arm 02l1la and
associ ated parts of the prior art guided vehicle
transportation system FIG 15 is a perspective view of
the guard wheel 022a or 023a of the prior art guided
vehicle transportati on system FIG 16A is a
schematic el evational view of the vehicle and
fail-safe nmechanismin the prior art guided vehicle
transportati on system for explaining action of

fexterngl if_orces 0 the ve}lg' cle, . apd E'Gé(?%igv% icle

2hi SFYeatOEBY BFEERB PhIS J%‘El’??%ﬁn RECHY B° Cilt%l eqﬁc’i n

and & 167 8 DEd Al k- BO) DESGEE R N &F & FhRFRRRRAdndea by
EVMBODI VENT

a circle o in FIG.6A.

FIG.7A is a schematic plan view of a third embodiment
of the present‘invention, FIG.7B is a partial cross
sectional view of FIG.7A showing the guard wheels engaged
into the groove of the guard rail, and FIG.7C 1is an
illustration when the guard wheels moved to one side in
the guard rail due to exertion of external lateral force
to the vehicle.

FIG.8 is a schematic side elevational view of the
fail-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.1ll 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.1l3A.

FIG.14 is an enlarged plan view of the arm 02la and
assocliated parts of the prior art guided vehicle
transportation system.

FIG.15 is a perspective view of the guard wheel 022a
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Preferred enbodi nents of the present invention wll
now be detailed with reference to the acconpanyi ng
drawings. It is intended, however, that unless
particul arly specified, dinensions, materials,

rel ative positions and so forth of the constituent
parts in the enbodi nents shall be interpreted as
illustrative only not as limtative of the scope of
the present invention. [The first enbodinent] A

ot BPAPnBA e B chide 45 o b THER 1" el fon

?g@gﬂatlc front elevational view of the vehlcle and
safe mechanism FIG 18 is an enlarged vi ew of

t h@'Imrltﬂsmsr@Lmdmjnatﬁyl@ e@wt@qn@h VHie® oA tip gehigle

a_schematic plan_view, a _schemat i.c f Qnt

a5 ot F ORAF S PBRPER e Delihs BAtE Fd] ceaed Venicie
t%g@@ak%gﬂ% sg&elt@wf%& @%u%aann@g&rlrai Jordase il

Icle, and FIG 3B is an enl arged view of the
£ @B és SUs roindet iyl o, andcFad. lieB EsGaglenTargédretew of
enbodi ment i s based on the prem_se, that tg vehicle is
the RREEdSHFERUPAE dabiorfatdic Stedt i Hy htlh fhem
di sclosed in the patent literature 1 and the
fail -safe mechani smdisclosed in the patent literature
DE'TA SLRD ODESEH I PTIONROFE IMHIN PREF FRERED BMBEDIMENT1 has

a front bogie |la provided with a pair of ruhber tired
f rpmfemee«f Smpg AP eﬁrtlb%é’ir@ﬁeﬁ”pllb‘%eﬂ‘é&% Yhig nov

b$a4gt£{le qht fee%édr?@é M%%e a%ta:onlﬂhrﬁ}ﬁg?’draw:mgs

erence nurrera S I'ndi cat1 ng constituent” parts and

1devigesi Rfehddeafr onbwwoeel pahttof uhhe s\wehipalre ikwarly
added with a letter "a' and those indicating
smsfwéerﬂlw-‘ﬁsoaﬁd webtertales FRbatéyf E&%Je‘fl%%ﬁand

sqgfgot hcgl Pga Iclzelw%eoleqsatr‘e adlgg%av}flttsh 1% Jcﬁ%%%bo&ﬁmex’f@ﬁ%ll

par i S “‘conpoSed the sane as

bd IiHte et c@odd i 1 RIdEFStiAe Ny Botade Inoii talciede tof
the nunmerals in FIGS.1 and 3, and also letters 'a' and

th@ seppeonft thd Presiedtdddeantiddh- her eunder when not
3 rlglunlrg%b é{ﬁﬁ@tﬁhe front wheel part and rear

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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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

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 mhich the vehicle 1 travels. A guard rail 31

hﬂi 2 eg%&g%%m%l%fc%%e%e%' Qﬁﬁ%sbegkslyeggagaasgez

pen roove on the gul trac
lglgggvﬁa@dcenter I|ne thereof The vehicle 1 travels
al ong the guideway 8 with the guard wheels 22 and 23
pds f¢onkegi hot REGgRoowe viedvirded by hare qykient He9de. 1a
The 1 travels_in state_t e-gua d 2
pﬁﬂﬁléggdglﬁgt cBﬁfﬁc?ftﬁ%§BU|délfagesg t Yﬁhﬁf 4§ argrd
al@ddrHogie p P Y@ & SvOfn tahﬁag&oe?ferHBQSE‘ ﬂﬂf@&' rear
conditions while being steered by an automatic

witedsi ngbmechaniBIG (2ot mncah@w@lm@adi@ating

d of haf t d t iLth
CRBBeFIEPEoPAdE: 8% ACTHFPOUR R SHAPE SNGCH: PAEReRS

%Qt el d 01t Rg HULEG WAl t15hAf 1 e38 AT M 21 W@ athose
earing. The guide wheel shaft 26 is fixed to the arm

iﬁdlcatlAg&ubssdiauyngummdtmhnﬂid@SlnadeOﬁﬁﬂnerahrammeel
smal ler in dianeter than _the guard wh

raot 2f theayeRiche Bahe sAdEFHFR)2 | §t§F5vu Bed HRBISERR
a%h SR CL AL - WASDET ﬁ§r@”§st9§%§H?é %ﬁ@eéaﬁg 4s28hd front
e eel 22(23

dianeter o e guard is smaller than
whéel dipstrancel et eeen 'taHe and debsukfiracesot added to the
numerals in FIGS.1 and 3, and also letters ‘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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32, 32 of the guard rail 31, i.e. the wdth of the
groove of the guard rail 31, by 100mm for exanple so
that a clearance of 50mmis secured between the outer
peri phery 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 fornmed such
that a flange 34 extends substantially horizontally
inwardly fromthe top of each of the side walls by
f . f e a t I
opdrEy 48 S ERRSacy thY GHERGPERGeLR P (B FLBRe s
3peferel ngid® Wwd1G 3.0 kaR Qbeovthﬁﬁerln@Kﬁ&LI@mm@ﬁtlons
| ateral external force c while traveling due to a gust
Wb#lér@§§nﬂrﬁﬂﬁﬁﬁﬁﬁ QYn@noﬁUtﬁ§PéﬁFaﬁ§ﬁﬁ¥%ﬂguWeChanlSm
ocC Onis or the vehi c | h
(Pa%erié %y u%ﬂ%rw E\’9\?1 PR THT eé’; oc:flora}lt %18 %hrggde
ofudeat aﬁe;rsar@fthtalﬂ% guabdrr @ii:e ?aldheww@@ tdguexben@the
force c is very strong, the rubber-tired wheel 4 of
SMﬂﬁuMand stUQCheﬂdsotgtbélwatgedhefguiﬁheWhéhﬂcsbait 26

to be heel ed ov about. th ont act lnt
aFRof L hEar ABEREEPFad tedt LAb MG, HhRE e hfcbertifta
tdhensuhsindbary guard wheel s 33 of the guard wheel s 22
and 23 cone under the flange 34 of the guard rail 31,
ard stdbesnsukmhdigarqm@um@emmrsaee oot vl remdtsonller
force k fromthe | ower surface of hﬁ fhﬁgge iﬁ, SO
13 [ iRt of RS TBAI FeT Fel At Gl By el v e 2k PBR for
efBh58ek i %%@V?ﬁ&@uﬁégﬁegﬁngné Lcig1PhR0He®d2BYakBetne
reaction force k against a toppFlng nonent d produced
glyrd hirdedt 22 4R 3¢xt eThald famekter cefthea dgweppl whgedohz623)
g produced by a |ateral reaction force g which exerts

lwrg%}armév sthe dhgtazcer Hatrineyditfe Wirdacinaces
3ANG 4 NG GRUNLEE %ﬁ Rty bﬁwoaké t@herﬁ geh 5Jf|%1'1é‘gg1°<§ove
oget her wt

the vehicle a noment m ue to
offebhel guariqgghtail 3Wherpyexeotnnn foir tdamxter nal Hharicea
c ceases, the normal traveling attitude of the vehicle

CJie%aﬁl%%o%rféHﬂw% (RS ATt 7Rt R e P ek R STRBATEY
| t |
°‘4p2°§?t| onecffl n 1‘:%%%"{1{% %g‘%‘?%%ﬁt%r%%e %‘%@V%%hen

tiglgih d@ivhedl. i$tposinecreaady timicenterdodnehergmiove.
the subsidiary guard wheel is larger enough than that
Thst qupr sg@dilaB 1v®§h’éPrQ8d| fAughdehatoa sekan ge sif faxt s

su%%égr?{lgifg lpc?{‘ %Eﬁx Eﬁﬁfar%li #¢6m0 hghgoP ?f]eeach

drar uard I surface o

off g es Bde wallé\CBS?r dsng trext hecargmsi ment, toppling
of the vehicle can be prevented by neans of the guard
ranﬁlgrn§Wd0§uéﬁ&$ﬁﬁée@§tﬁrn4&§ﬁﬁr@#rﬂNQSertlng on the

SJtC J.I(?L;i 8?2%%‘ ag.dngetcil hee' | n190 q-yl% 19f VShen 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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stage the vehicle begins tilting, tilting and toppling
of the vehicle 1 can be prevented with requisite

m ni mum force exertion on the guard rail as conpared a
case tilting and toppling is prevented after the
vehicle is sonewhat tilted, w thout receiving inpact
due to inertia. Furt her, when exertion of the

| ateral external force ceases, the vehicle can
continue traveling with the normal traveling attitude

r&‘#ﬁﬁ@%ﬁtt&%' d % eﬁrihc?f et g@%ﬂ@@r{érﬁ% EBbgﬁrréiégd,

Uard wheel anage y any causes

fcﬁﬁlﬂhé;azfeeufmtn Qﬁn@&ntbebﬂ&léﬁmcm&ﬂrem/ abl@tsuhsi gh-iiyd
guard wheel s 33. [The second enbodi nent ] Next, a
certond reabbdli fenf Eﬁeth@bPﬁVeﬁﬂF@ﬁ Whiele lpé @ﬁpl%?n%ﬁde

referrl to 6. FI.G 4A | a hemati ¢ fron
nEFETRET o Symen i ThorRe bRt e S BRd TS R e g €hLs

zmﬁ@nzssraora@duﬁ&%ésmangel a19ed Vh@%@ir&hﬁaﬂﬁril
surrounded by a circle in FIG4A, FIG5 is a schematic

arpil dheisals iHi@ry @masl yhecliamdti cefedne eéavbiennfetce
ew of the hi cl df h f
L ool Tk ef nbhor b 8BES 51t HED Ve EFRY OF
t@@dvéh&ii@ L8 9%%@5%9@@5»/&% He 461 P S4M NOUNEIGES ,
by a circle o1In A Referring to FIG 5, in t he’

a9®@mmdeenmodemﬁnﬂ,xssyxmmwcadnbylthg atetagdiiedh tfoxee hk
of both end ﬁarts of an arm_?2, and %uard wheel s 22 and

againgt 2t LRRRYLPEs JRRTEREl ¢ tREBEEReEndhafbe Jr ket
eéﬁefﬁ@ﬂsfsgeg %r@%d“% toppling moment g produced by a

lateral reaction force g which exerts on guard wheels 22
and 23 from the guide surface 32, and the counter moment
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 vehicle
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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As shown in FIG 4A and 48, according to the second
enbodi nent, a guard rail 45 having an |-shaped cross
section and the guard rail 45 is laid down on the
bottom of a depression 10( guide track 3) forned al ong
t he gui deway 8 along the center line of the
depression. Therefore, two grooves are fornmed in the
gui de track 3 partitioned with the |I-shaped guard rai
45 into two guide tracks. The guard wheels 22, 23

c econd. ;arm I I
R S R e L B

thetaahbsi ¢ a ¢he vt peevendedfwi tie reenningi B¢ mi4imum force
received in the other groove of the partitioned

eypEbies. ontthagyappd grathagygar®atad a5as¢ ot hdpgaand
fl anges 47 _ext.endi t.Quar Q S| f .

eoBRETRE Y S Y et S Uk R K65 4, BEhERhat i tea,

w$8ABudS rkbativahd hangddstaabesi ieettiand parts and
devi ces the same as the first enmbodi nent are denot ed
by utichsanewheh eexacsinonefaltheadd g arrstierpas force

om tted. The di ameter of the subsidiar.y rd
CRREEF 9T YelHA 1P AT ETR b RAPe A YR bha P SR ERR hormal
t22¢&3)ngSat £itlabhgutbhat i 8ARAY. MPALthERRoTLERBRBhen

bet ween the gui de surface 46 of the guard rail 45 and

théeupdephérg of thireggaadahdmwkli s2@¢R8yeddiwlanfecauses,

hori zontal protrusjion of the flange 47.from each of.
CR R A P S FARGS SR CER 19 B R Y She Gb ki ary
g8&8 {heses0kathe first enbodinent. When t he
vehi cl e experiences |lateral external force ¢ due to a
guStheofsegraosd emboldivént] the vehicle 1 is pushed
laterally and the upper surfaces of the subsidiar

ety 25 SRECBS TP UHIRRT (AE I'GVRr LBUFPALEPOM it b
eiﬁﬁw{?e%eﬁgﬁr%s' LOG €l s a6t OPREI. NG deWn fhdditic
vehi cl e can That

e preévented. I's, a counter nonent
flons gredaictonby viaetsloowing cehk wiei¢lagrod fidicl -safe
subsidiary wheel 33 fromthe flange 47, and the nonent

mgcharl gt oAt TGP tHSt B PEHIAHE eV HRY 8t THE (Rt
dff@&ﬁh&& bcﬂpgoéifglEQrpF%%ﬁt, ldIEr. gdi"é:%dsgﬂematic prlan

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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the lateral external force ¢ and a nonent produced by
the reaction force g exerting on the guard wheels 22
and 23 fromthe guide surface of the guard rail 45, so
heel i ng over and toppling down of the vehicle 1 can be
prevented. Therefore, the second enbodi nent effects to
prevent toppling down of the vehicle, as does the
first enmbodiment. [The third enbodi nent] Next, a
third enbodi nent of the invention will be expl ained

fef gf;;?% ggn e%sﬂ eoo%othglé@gféé§1§nscﬂ?£%f8¥9[apwo

artl al cross sectional view o

gf&@véé\ éb@m@ﬁné&elﬂuaﬁ@l e steigagedhddic ideed with
groove of the guardrail, FIG7Cis an illustration

thddn stna@egij aréngheeld Hoiadot bW@rgéleinéﬁaﬁktSheT’ga ggeprd

rai d e rti.o extern eral forc A
w}?l%ﬁjrﬁl ag%a§haq%gﬁe?rﬁfal S (1g 5'1ee\?aetclocr)lﬁia bl e%v g]f
ré@@rfr@ﬂl 1n5@1f18 seChAaR §FbolkE AnidS theS Gt vhdqd B 22,

vi ew showi ng a pair of guard wheels engaging with the
23|adt¢awaxleldst@ftrtehetgaa:r@r®ptf tmeelélotadl@rmé lalsmmwead

si de vieM/shomAng pai r of gui.de

inddGcPhPed Pareys of trF?eP@Fr‘ﬁ g Y Igé"f’ﬁ{ea%dAthh%\ top

oS ERANEL AF i 1§53 aeheld Qtﬂtaq@é/s Mi73e Bt SH@PRG It oward
shaft™52 to an arm 2 at both end parts thereof. CGuard

batieelided2taended8 . at@en et tachidnregdpec tiheal yhat alealtgumr@ti

wheel shaft 26 to each of both end parts of the second
abgYR i5Tthe same aRGWIAT FTFTRS G Gatd oo i mandy 8adiRAT ts

ad é\ﬁfcdeé Ocrf daﬁx@%rs S 396 A it AL 4.2 Rglo @
of I ng

a pre spring 55, an aclaw 54 is
b}DItQ‘éI sletle tre fidee nipp erunsirrd ac endf ek ptasetdod as mnﬁ:ttﬁeui.
hook the other end of the preloadlng sprln% he
3 J.S smaller

pEBEOAHRRGt eBrathg s uBE kS 1 Y9 RaEd gHe

than that of the guard wheel 22(23) as is in the first
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 £rom
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 ¢
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 d produced by
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t he guard wheels 22, 23 attached to both end parts of
the second arm 51 to the guide surface 32 of one side
of the guard rail 31, and press the other of the guard
wheel s 22, 23 to the guide surface 32 of the other
side of the guard rail 31. The prel oadi ng spring
55 presses the guard wheels 22, 23 against the guide
surfaces 32 with a spring force not so strong, for
exanple with a force of 10 kg or lower, in order not

che phleel, L0 auborat iLosteerid: I{J‘éﬁ%ﬁ@' BELANLCRODy  One

ncrease wear an UCG uar

réheelisn22oréd g exc@tATy R amd egdazkmtm&emé h®2 and 23
| ongi tudi nal direction of the second arm51 and travel

fdemetheogudfiet Rarfalsieclod thghamarie igk ¢t whetd q1opling

and 23_are contac the U|de surf ces 32 of
OYRE FRArPIRHE %f{qvgg&fgt ifelt HAM \?Deeﬁl PRy §Ited.
ThERAYELIFRY, 15 BQleorﬁ"mLah%rod%%etrh@t el tisl sbeppesrent
parts exist at joining parts of the guard rail 31 the

t gpipt dinghbets offr dre s hdldreg thedagodhe Hirshempadignent.
rail 31 mhlle absorbln the inpact to the guard wheels
wHdhe H i géss the stepped parts on the

SEUeqcec Suéf 5&%%%@%&958!&1%&“@5 | @ReOf; d-hith SE6ONGi8MMpe

agai nst energi zing force of the preloading spring
ebplainefansterci ngrt ©FIES .tThan ThatF Iteta dsead sadicea k¢
the sane as that of the first_ enbodi ment, and parts

PR WébVee¥Ifnd Bsdife aaspatlh%lﬂr%%ﬁba&?ﬁéﬁw% yiew of
n e e e n

e fEN2AEn B hUCcHBMERERHARE A At S SR A SR

ot hiedgiiAyantd DN, AIBRIVd atedmli 1axtsetmeel i JrowhenctBgeyuard

on the vehicle 1 when traveling, the vehicle 1 is
Wlb%l%h%dnqmrtd’ pee side ipthihe guard rail due to exertion

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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both of the guard wheels 22 and 23 contact the | ee
side guide surface 32 of the guardrail 31. As the
spring force of the preloading spring 55 is determ ned
to be not so strong, the second arm51 is rotated
easily until the guard wheels contacting the guide
surface of windward side conme to contact the guide
surface of |eeward side. When | ateral externa
force c is very strong, the rubber-tired wheel 4 of

wi ndwar I de tends to rai sed, for.the.vehigcle
thefias V%@%e%l%d &?e?ggt%%tedte%g é?gﬁn Egoﬁ agjf 0pfloitne
sdcOhat Len r3PbES -did efh e ufe e | 82 &f ddne asi @ reRdhe
explained referring to FIG 3 and FIG 6 of the first
gwe:]tdd Sﬁs(b:iohd lenbodi peass Tlespettdwelfy thBuguand iwiise k3 &%
t he subsidiary guard wheels 33 on _the guard els 22
2hiip SRS IARIERTERCT PangE SHOOPEPRE BHAPES die ST
réﬁitéit'ng and toppling of the vehicle can be
prevented. Tilting or toppling of the vehicle 1 is
prraeepredolyding spring 55 presses the guard wheels 22,

23 against the guide surfaces 32 with a spring force not
so strong, for example with a force of 10 kg or lower, in
order not to affect the automatic steering mechanism and
not to increase wear and reduce durability of the guard
wheels 22, 23.

Crossing angle p between the longitudinal 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 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 fbrcec:exerts(nlthe'vehicle].when

traveling, the vehicle 1 is pushed toward lee side until

24



reaction force fromthe flange to two guard wheels 22
and 23 in the third enbodi nent, |oad to one guard
wheel is halved as conpared with the first

enbodi nent s. When exertion of the |lateral externa
force c ceases, the normal traveling attitude of the
vehicle 1 is recovered by the automatic steering
nmechani sm and the vehicle travels with the guard
wheel s 22 and 23 contacting both the guide surfaces 32

th d
oBtBl BEATHE SIS IES 1F 4 (A G AP AR Lt Lee side
gﬁ@ﬁeegﬁﬁ‘fgtﬂ, 32 of Qh@bﬁa@ﬁbﬁgim; Aldhenguapdinhesdsce

and 23 are always contacting the guide surfaces 32
oﬁf thee pgedrohdiaid Sdrpughed by tibéepmdneghdimdgspréhgso

55 and t he sub3|d|ary uard wheel s 33 are al ¥S,
SEFgRE - uHR SRR g awEr S Edrs hekatst ?c‘h%l%mvgte‘sl £h¢%uara
c e P r f d
W R Ep Y ey O B R A T DEnBRaT L 20 come
tef cbheathtange Fhiofe |lnerddce of t hoewatai kitie.be

engaged with the | ower surface of the |ee side flange
wigren héa%ma& AL eENAby EPTGNaF d See” &FYe StTONG. "the

Tﬁﬁfef Qi Ged Shiahi hidy Af ae%y&'s%& ORR! 'dzgter@aefﬁw@a

unc 1 on can e |ncrease guard eel s are

fbACEIRaSAth i dl UMbehdRytb Ve hiedeaoveanpabed whélytdend
first enbodi mnent (4 guard wheels per 1 vehicle in the

céntactenpdaitnEnef ablde Srgplaen- iheefiswheplidvehi ke e,

cond an odi.nent.s) oad dg O,
a%d%%r%?gYh%x%gg%aeﬁhggggrwﬁgﬁ %?e@%ét?nagéef%eng gfdthe
£ipppl hha el ddi@r \ibsd and St Hatyefeasigenpar e tviih ties

first embodinent as is in the second enbodi ment, so

statet yhessumeieasey gnarfevkasdésod3tor Sheompahgheels
hlrg Sgbgggngg 2r 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 the second arm51 is preloaded by the spring 55 so
that the arm 51 is rotatable about the support shaft
24 supporting the arm51 at the center thereof, inpact
that will exerts on the guard wheels when the guard
wheel s pass the steps at jointed parts of the
guardrail or bifurcation area of the guard rail wl]l
be all eviated, so occurrence of damage to the guard
wheel s or other parts of the fail-safe nechanisn1can
be elimnated_or reduc ncrease

hERLFIAS e Gia s LG u%%ar.w g P BEE8 BT the
£PLHYHEGESE Q:feél%fm LV A%PLI CABI Ip & gyar¢awheel §£i sthe

prevent ed. According to
sﬁbelﬁmueytgmardV@Meelet$©pk£h@pnewemgh¢nuﬁdacttMWlkﬁﬂer
be |nproved by the fail -safe nmechani sm of si

suphacpuefi Hel filangsi déd oFeied & {9kt r%h”sy%‘i &
egg?g’g G DS Re oGt LhaYaks 8t AL 3R €188! ADLASDRthen

_ eing steered automatically w thout
ths! Rﬂaﬂ'ﬁﬁﬁlhﬁnllcaisshﬁﬁfémg thwaise Déequaide Whadlesefittken,
guard rail, etc. and provided with a fail-safe
redbtAbhLE AV OFf ¥ebifilag t§i’Pé1§‘t9e@|re|’@fW¥é’rP U Gan

of S T U FrSS PE FRERRRLEN Adupat ety
t WOt &R P& JTRSEr HOSHL Bth &t he Cﬂﬂs’.\ﬁembodlment (4 guard
wheels per 1 vehicle in the first embodiment and 8 guard
wheels per 1 vehicle in the second and third embodiments),
load exerted on each of the guard wheels when preventing
tilting and toppling of the vehicle is halved as compared
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 1is

improved and occurrence of wear and damage of the guard

wheels is prevented.
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1. A guided vehicle transportation systemin which a
vehicle travels on a pre-established gui deway having a
dépression as a guide track, the vehicle being
provided with automatic steering nechanisns for
steering front wheels and rear wheels respectively by
means of actuators each being provided for steering
the front and rear wheels, the vehicle being provided
with guard wheels in its under side rotatably in a

| ateral plane, algfang rail having a groove in which
INRET8E A AR S LB e T8 cei ved with an anpl e
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the guide track, a fail-safe _mechani sm bein i
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pbBédaswabliisheshi d yahiselwayhas fvhide ar neegnyendi sigeeéned
| ongi tudi nal direction of the vehicle and attached
avbomesbopldy witbputarspaptmerhaniadf s iRevinaPy gee of
suspendi ng _eac ai_r f t I
TSHatar Pade: 200 ket A | LG A RA Pl aCaAE
ribhe_-bakh enssnahikhe fofStsaduriiid ealadfe osteeaiag when
second arm said guard wheel has thereon a )
malbyhditdrp ggeud swidethen@utoms til ¢lishfaeing HeCh Rt sm.
of th uard wheel tao be rotatable. e i th.
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higH8t 4YPdEH can be made possible.
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said flange when the vehicle is noved 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
heel i ng over of the vehicle is prevented by engagenent
of the subsidiary guard wheel with the | ower surface
of the flange. 2. A guided_vehicle transportation
system according to clwékﬁfmgherein said guard rail
has a |-shaped cross section having a flange extendi ng
|aterally toward both sides at its top, or T-shaped
1cr osB gedtdeah,vehecgeartad aredpo bed hgohaisy dosth Bnongich
the center line of the guide track,, and guard wheel
2aFENTECE ©E8 T BPBoTERT ForRed i L Borh ST e el 14 150
at%%gyéggiﬁﬁ|a§”¢gb@dld%dQﬂﬁﬂﬂﬁ ehet heellicde thagthy
which is a depression forned al ong the guideway wth
pelosdrdmt esw sebur ed tivetateen theepeiingheme @farhenguak@r

wheel, and_t he_si de 'l _of the |-shaped s all
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mieadES ROF t RELOR +3%Sd e bR WRIiGHYy et ke tfcawesseariag
pre-established gui deway having a depression as a

thel deartacind theavenieeéshethg pedvicded ke 1hJ a0 oFacied
steerin chanisns,for, steeri,ng fr.ont I . ear.
W\?d’?ibl%ugﬁggé'&q TyiBy Jﬁissan]éngfeg‘ilacstluCE]a o?g%ggkg{bgi %g a
lBrt%}&iéde%iQﬁeS;t geiguia-d heaf{ 1opbvand reajrobreel sn whech
vehi cl e being provided with guard wheels in its under

tbiede gwaatiabiwhéala | &4 al Tpraddeh guaEd r a1 halPd¢

in,which th d ' o kN
o eHe e (L aEhof ) THL BB LR S LEBREUSE o Ene

_ ( iy center 1 ne of
Jule Quikeelr acki ©nd aklidsafe MEChaalsE)beimgche groove

constituted by the guard wheels and the guard rail, |
okhthei guard 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 vehicle has first arms extending in longitudinal
direction of the vehicle and attached rotatably at a
central part of an axle provided for suspending each
pair of front wheels and rear wheels, and at least one
guard wheel is rotatably attached to the both ends of
the first arm directly or via a second arm,

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
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the vehicle is provided with first arnms in the
underside of the vehicle rotatable in a |ateral plane
about first support shafts fixed to the vehicle, and
interl ocking gears for connecting the first arns to
the steering nmechanisnms so that the first arns are
directed in the sane direction as the front wheels and

rear eel tively, wh [
Sa S Bl eBa S e DL TSI e ShEE T JEHA b1 rPashed
platefalapl &peedh NOER reRdoRRLLS Rf c8aEReOfch N1kl hatil
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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.

3. A guided vehicle transportation system in which a
vehicle travels on a pre-established guideway having
a depression as a guide track, the vehicle being
provided with automatic steering mechanisms for
steering front wheels and rear wheels respectively by
means of actuators each being provided for steering
the front and rear wheels, the vehicle being provided
with guard wheels in its under side rotatably in a
lateral plane, a guard rail having a groove in which

the guard wheels are received, the guard rail being
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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

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 rall respectively.

4. A guided vehicle transportation system according
to claim 3, wherein a <crossing angle between
longitudinal direction of the second arm and travel
direction 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
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is shaped such that a flange part extends toward the
groove horizontally from each of upper parts of both

side walls respectively.

31



