
GUIDED VEHICLE TRANSPORTATION SYSTEM BACKGROUND OF THE
INVENTION Field of the Invention     The present
invention relates to a guided vehicle 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 mechanism and 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.     In order to eliminate the above problem,
a steering system not requiring a guide rail is
proposed in Japanese Laid-Open Patent Application
No.2002-351544 (patent literature 1).     The steering
system of a guided vehicle disclosed in the patent
literature 1 is composed such that a plurality of
on-ground devices which memorize and send out
information necessary for the operation of the vehicle
are laid down along the whole length of the track on
which the vehicle travels, the control device
installed on the vehicle emits signals based on the
information sent out from the on-ground devices when
the vehicle travels along the track, and the vehicle
is steered by the steering 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 device such as the gradient, curvature,
cant, ramification of the track are memorized 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 emits signals of
the information memorized upon receiving electric
power by means of radio waves. The on-ground device
has for example an electronic circuit including ROM
for memorizing operation information.    The steering
device mounted to the vehicle is provided with a
transmitter for supplying electric power to the
on-ground devices by means of radio waves, a receiver
for receiving the operation information emitted from
the 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 number 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
patent application proposed a fail-safe mechanism to
meet such a need in Japanese Laid-Open Patent
Application No.2006-175962 (patent literature 2). This
fail-safe mechanism will be explained with reference
to FIGS.11 to 13. FIG.11 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.I3A is a 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.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   can be turned in lateral
horizontal direction by shifting tie rods 05 in the
longitudinal direction thereof. The tie rods 05 can be
shifted by actuators 06. As shown in FIG. 12A showing
a front wheel part, the actuator 06a is controlled
according to an automatic steering system 09 disclosed
in the patent literature 1. 



An arm 021 to which a pair of guard wheels is attached
as mentioned later is connected to the actuator 06 so
that the arm 021 is turned by the actuator 06 to
direct in the same direction as the pair of front or
rear wheels 04. A fail-safe mechanism is composed 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 mechanism and
fail-safemechanism02 of the vehicle 01 are 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 Ola supporting the vehicle
01 as shown in FIGS.13. In FIGS.12, the tie rod 05a is
composed of a connecting rod 011a 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 013a, 13a which are connected to the left and
right wheels 04a, 04a respectively. The steering rods
13a are connected rotatably to both ends of the tie
rod 05a by means of pivot joints 012a respectively,
and the steering rods 013a are attached to the front
wheels 04a respectively so that the longitudinal
direction of the steering rod 013a always  coincides
with the turning direction of the front wheel 04a,
that is, the steering rod 013a turns together with the
front wheel 04a.     With this construction, the
vehicle 01 travels along the guideway 08 with the
wheels steered through shifting the tie rod 05a by the
actuator 06a controlled by the automatic steering
system 09.     In FIGS.12 and 13, the arm 021a is
attached to the bogie Ola via a support shaft 024a
rotatable about the support shaft. A pair of guard
wheels 022a and 023a is provided rotatably to the arm
021 on the under side thereof at positions sandwiching
the support shaft 024a. The tie rod 05a and support
shaft 024a are preferably made of metal of high
strength, since they experience reaction forces from
the front wheels 04a and guard wheels 022a and 023a. 



FIG.14 is an enlarged plan view of the arm 021a and
associated parts, and FIG.15 is a perspective view of
the 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 021a 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 oftheactuator06a and the tie
rod 05a shift in the longitudinal direction of the tie
rod, whereas the arm 021a rotates about the   support
shaft 024a and an end of the arm 021a follows a
circular arc trajectory as the arm 021a rotates, so a
conversion mechanism of rotation to translational
motion 07a is provided so that the moving part of the
actuator 06a and the tie rod 05a can be moved in the
longitudinal direction of the tie rod 05a
accommodating the circular arcuate motion of the end
of the arm 021a.     As shown in FIG 12A, the support
shaft 024a of the arm 021a is located on a line b
connecting the centers of the front wheels 04a, and
the connecting rod 011a, the steering rods 013 which
are integral with the front wheels respectively, and
the line b constitute a parallelogram, so the front
wheels 04a are turned to the same direction as the arm
021a by the actuation of the actuator 06a.    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 the guard 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
021a 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  as the vehicle
travels along the guideway 08.     When malfunction
occurs in the automatic steering system 09 and there
occurs a fear of running off of the vehicle 01 from
the guideway 08, the guard wheels 022a, 023a contact
the side walls of the guard groove 03 to prevent
running off of the vehicle 01 from the track.
Therefore, the vehicle does not deviate than a
permissible deviation in its travel direction and
deviation exceeding the permissible deviation and
derailment of the vehicle 01 can be prevented with
certainty.    Therefore, safety and reliability of
guided vehicle transportation can be secured even when
malfunction occurs in the steering system of the
vehicle. Further, fail-safe 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.16A, the vehicle 01
is initially moves laterally and the guard wheels 022,
023 contact one of the   side walls of the guard rail
03. When the cross wind is very strong, the side wall
03a of the guard groove of the guard rail 03 is
deformed by lateral forces exerting from the guard
wheels 022, 023, and a moment d is produced about the
ground contact point f of the rubber tire of the front
wheel 04 of the lee side due to the lateral force c as
shown in FIG.16B. Although a moment m is exerting due
to the vehicle weight about the ground contact point f
in the direction reverse to the moment d, there occurs
a possibility that the vehicle 01 heels over about the
ground contact point f in the direction of wind and
topples down.    When the side walls of the guard
groove 03 are rigid or the guard groove 03 is formed
as a depression on the 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 c 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 light 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 



force exerts on the vehicle.     The invention
proposes 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 respectively, a guard rail having a
groove in which the guard wheels are received being
laid down along the center line of the guide track, a
clearance being secured between each of side walls of
the groove of the guard rail, 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.    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  while the vehicle is traveling,
the vehicle is moved toward lee side and the guard
wheels contact the side wall of the groove of the
guard rail. When the lateral external force is very
strong, the traveling wheel of windward side tends to
be raised, for the vehicle tends to be heeled over
about the ground contact point of the traveling wheel
of lee side. However, the subsidiary guard wheels
provided on the guard wheels come under the flange of
the guard rail, and tilting of the vehicle is
prevented by the engagement of the subsidiary guard
wheels with the underside surface of the flange. 



When exertion of lateral external force ceases, the
vehicle is recovered to its normal position with the
guard 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.      In this case, forming of
the guide rail is made easy by adopting the guide rail
of I-shaped cross section, and as the guard wheels are
received in both grooves formed with both sides of the
guard rail and both sides of the guide track,
reliability of the fail-safe is increased.     The
system of the invention is preferably composed such
that 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. 



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  spring force.    The angle
made between longitudinal direction of the second arm
and travel direction of the vehicle is preferably 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 so that even if stepped parts
exist at joining parts of the guard 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 is 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  the automatic steering mechanism and the
vehicle travels with the guard wheels contacting both
guide surfaces of the guard rail respectively pushed
by the preloading spring by way of the second arms.
As the guard wheels are always contacting the guide
surfaces of the guardrail 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 exertion on the guard rail as compared a case
tilting and toppling is prevented after  



the vehicle is somewhat tilted, without receiving
impact due to inertia.     The system of the invention
is compact in construction, and when exertion of the
lateral 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. 1A 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 1 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  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.    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 is 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.11 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.14 is an enlarged plan view of the arm 021a and
associated 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 transportation system.     FIG.16A is a
schematic elevational view of the vehicle and
fail-safe mechanism in the prior art guided vehicle
transportation system for explaining action of
external forces to the vehicle, and FIG.16B is an
enlarged view of the part surrounded by a circle h in
FIG.16A. DETAILED DESCRIPTION OF THE PREFFERRED
EMBODIMENT 



Preferred embodiments of the present invention will
now be detailed with reference to the accompanying
drawings. It is intended, however, that unless
particularly 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.1 to 3. FIG.1A is a
schematic front elevational view of the vehicle and
fail-safe mechanism, FIG. 18 is an enlarged view of
the part surrounded by a circle i in FIG.1A, 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
fail-safe mechanism disclosed in the patent literature
2 is provided.     Referring to FIG.2, a vehicle 1 has
a front bogie la provided with a pair of rubber tired
front wheels 4a and a rear bogie lb provided with a
pair of rubber tired rear wheels 4b. In FIG.2,
reference numerals indicating constituent parts and
devices of the front wheel part of the vehicle 1 are
added with a letter 'a' and those indicating
constituent parts and devices of the rear wheel part
of the vehicle I are added with a letter 'b'. However,
as the rear wheel part is composed the same as the
front wheel part, letters 'a' and 'b' are not 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.1, 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
and 23 do not contact the guide faces 32 of the guard
rail 31, i.e. side walls of the groove under normal
conditions while being steered by an automatic
steering mechanism (not shown). The guard wheel is
comprised of a shaft made of metal with urethane
rubber tire adhered to surround the shaft and attached
rotatably to the guide wheel shaft 26 arm 21 via a
bearing. The guide wheel shaft 26 is fixed to the arm
21.    A subsidiary guard wheel 33 made of metal and
smaller in diameter than the guard wheel
22(23)(smaller by 5mm for example) is provided between
a special washer 28 and the guard wheel 22 ( 23 ) .
The diameter of the guard wheel 22(23) is smaller than
the distance between the guide surfaces 



32, 32 of the 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 c is very strong, the rubber-tired wheel 4 of
windward side tends to be raised, for the vehicle 1
tends to be heeled over about the ground contact point
f of the rubber-tired wheel 4 of lee side. However,
the subsidiary guard wheels 33 of the guard wheels 22
and 23 come under the flange 34 of the guard rail 31,
and the subsidiary guard wheels 33 receive reaction
force k from the lower surface of the flange 34, so
tilting of the vehicle is prevented by the reaction
force k. Thus, a counter moment I is produced by the
reaction force k against a toppling moment d produced
by the lateral external force c and a 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 



stage the vehicle begins tilting, tilting and toppling
of the vehicle 1 can be prevented with requisite
minimum force exertion on the guard rail as compared a
case tilting and toppling is prevented after the
vehicle is somewhat tilted, without receiving impact
due to inertia.    Further, when exertion of the
lateral 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 subsidiary
guard wheels 33. [The second embodiment]     Next, a
second embodiment of the invention 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 48, 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   8 along the center line of the
depression. Therefore, two grooves are formed in the
guide track 3 partitioned with the I-shaped guard rail
45 into two guide tracks. The guard wheels 22, 23
attached to one end of the second arm 41 are received
in one of the grooves and the guard wheels 22, 23
attached to the other end of the second arm 41 is
received in the other groove of the partitioned
grooves. At the top of the guard rail 45 is formed a
flanges 47 extending toward both sides thereof.
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.     The diameter of the subsidiary guard
wheel 33 is smaller 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 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 external 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 d produced by 



the lateral external force c and a moment produced by
the reaction force g exerting on the guard wheels 22
and 23 from the guide surface of the guard rail 45, so
heeling over and toppling down of the vehicle 1 can be
prevented. Therefore, the second embodiment effects to
prevent toppling down of the vehicle, as does the
first embodiment. [The third embodiment]     Next, a
third embodiment of the invention will be explained
referring to FIGS.7 to 10. FIG.7A is a schematic plan
view. FIG.7B is a partial cross sectional view of
FIG.7A showing the guard wheels engaged into the
groove of the guardrail, FIG.7C is 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. FIG.9 is a schematic plan
view showing a pair of guard wheels engaging with the
side walls of the guardrail, 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 



the 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
wheels 22, 23 to the guide surface 32 of the other
side of the guard rail 31.     The preloading 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 force c exerts
on the vehicle 1 when traveling, the vehicle 1 is
pushed toward lee side until 



both of the guard wheels 22 and 23 contact the lee
side guide surface 32 of the guardrail 31. As the
spring force of the preloading spring 55 is determined
to be not so strong, the second arm 51 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 c is very strong, the rubber-tired wheel 4 of
windward side tends to be raised, for the vehicle 1
tends to be heeled over about the ground contact point
f of the rubber-tired wheel 4 of lee side, as already
explained referring to FIG.3 and FIG.6 of the first
and second embodiments 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 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 pre loading spring
55 and the subsidiary guard   wheels 33 are always
right under the lower surfaces of the flanges 34
respectively, the upper surfaces of the subsidiary
guard wheels 33, 33 come right under the lower surface
of the flange 34 of lee side without fail to be
engaged with the lower surface of the lee side flange
when the vehicle 1 is moved toward lee side.
Therefore, reliability of vehicle toppling prevention
function can be increased. The guard wheels are
increased in number by two times as compared with the
first embodiment (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
guardrail 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.  INDUTRIAL APPLICABILITY    According to
the invention, vehicletopplingprevention function can
be improved by the fail-safe mechanism of simple
construction in a guided vehicle transportation system
in which the vehicle travels along a pre-established
guideway while being steered automatically without
using mechanical steering by use of guard wheels and a
guard rail, etc. and provided with a fail-safe
mechanism for securing safe steering when malfunction
occurs in the automatic steering mechanism, and safety
is increased and traveling of the vehicle at higher
speed can be made possible.  CLAIMS 



1.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 with an ample
clearance(clearances) between the periphery of the
guard wheel and the side wall (walls) of the groove of
the guard rail being laid down along the centerline 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 



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






