
- 1 - DESCRIPTION  TRACK TRANSPORTATION SYSTEM 5
Technical Field The present invention relates to a
transportation  system for a vehicle which runs on a
predetermined track by  means of, for example, running
wheels of a rubber tire type.  10 Background Art A
vehicle in new transportation system, having rubber
tires which carries a vehicle body and which are
adapted to  be driven for rotation so as to run the
vehicle, is different from a railway vehicle running
on rails, and is  15 normally provided with steering
guide wheels for steering  the rubber tires serving as
running wheels along a predetermined track.
Accordingly, the guide wheels make  contact with a
guide rail provided along the track in order  to
mechanically steer the vehicle. 20 For example, Patent
Document 1 (Japanese Patent Laid- Open No.
2003-146204) discloses a bogie for a guide rail
vehicle, having guide wheels which are provided to the
distal ends of arms projected from a vehicle body and
which  are mounted on eccentric shafts so as to enable
easy 25 adjustment for a degree of projection from the
vehicle body  in order to steer the vehicle body.
Further, Patent Document 2 (Japanese Patent Laid-Open
- 2  No. 2003-104198) discloses the configuration that
a gap is  obtained between a guide wheel which is on
the rear side as  



viewed in the running direction of a vehicle, and a
guide  surface of a track, and the vehicle can be
turned within 5 this gap. There has been known other
Patent Documents, U.S.  Patent No. 6,520,303 (Patent
Document 3), U.S. Patent No.  6,364,215 (Patent
Document 4), and W000/53480(Patent  Document 5) which
disclose the prior art that a vehicle 10 runs being
mechanically steered by such a way that guide  wheels
make contact with a guide rail which is laid along a
track. However, the above-mentioned mechanical guide
mechanisms which are though excellent in safety and
15 reliability, cause the configuration of a bogie of
a vehicle, on which wheels and drive mechanism are
mounted,  to be complicated, and as a result, the mass
and the  running costs of the vehicle are increased,
and further, a  guide rail having a strength which is
sufficient for 20 supporting the guide wheels, should
be laid with a high  degree of accuracy over the
entire length of a track,  resulting in the
disadvantages that the construction costs  of the
track becomes extremely high. Thus, in order to
overcome the above-mentioned 25 disadvantages, there
has been proposed a vehicle steering  system which
does not require, in particular, any guide  rail or
the like for steering a vehicle (Patent Document 3). 3
The steering system disclosed in Japanese Patent
Laid-Open No. 2002-35144 (Patent Document 6) has
several  



ground elements which store therein data required for
driving a vehicle and transmit the same are laid along
a  track on which the vehicle runs, a control unit
mounted on  the vehicle consecutively delivers
steering instructions on  the basis of the data
transmitted from the ground elements  during running
of the vehicle, and accordingly, a steering  unit
mounted on the vehicle steers the vehicle in response
to the steering instructions, thereby it is possible
to  eliminate the necessity of a guide rail for
steering a  vehicle so as to be aim at reducing the
construction costs  and the maintenance costs. Thus,
there can be offered the  advantage that vibration and
noises caused by guide wheels  making contact with a
guide rail can be reduced. Explanation will be made of
the steering system  disclosed in Patent Document 3
with reference to Figs. 24A,  24B and 25. Fig. 24 is
views illustrating the configuration  of the steering
system, that is, Fig. 24A is a side view  and Fig. 24B
is a front view, and Fig. 25 is a plan view
illustrating a steering unit. Referring to these
figures, a  vehicle 03 in a new transportation system
runs on a track  01. The vehicle 03 is supported by
rubber tires 05 carried  by bogies 04 which are
provided respectively to the front  and rear parts of
the vehicle 03 through the intermediary  of air
springs, and runs being driven by rotating motors 06
while the vehicle 03 is steered by an actuator 07. - 4
The steering system comprises ground elements 02, a
transmitter 08, a receiver 09, a control unit 010 and
a  



steering unit 020, and turns the rubber tires 05 in
order  steer the vehicle 03. The ground elements 02
are those 5 which have no electric source, which are
laid at  predetermined intervals along the overall
length of the  track 01, and on each of which inherent
information is set.  Such inherent information
includes an identification number  of the ground
element, position data, track data and 10 control
data. The positional data (on-ground position) relates
to  the position of a ground element 02, that is, for
example,  absolute position coordinates or a distance
from a  reference point. Further, there are set on the
ground 15 element 02, as necessary, track data such as
a gradient, a  curvature, a cant, a turnout portion
and the like which  exhibit a condition of the track
01 at the point of the  ground element 02, as the
above-mentioned inherent data. Such a ground element
02 is electric-powerless, but  20 is adapted to
deliver a signal indicating the thus set  driving data
when an electric power is fed thereto. The  ground
element 02 is composed of, for example, an electronic
circuit including a ROM in which the driving  data is
stored. 25 The transmitter 08 is adapted to feed an
electric  power to the ground element 02 through radio
wave  propagation, and the receiver 09 receives drive
data - 5  transmitted from the ground element 02 to
which the  electric power have been fed. The control
unit 010 carries  



out a predetermined data-processing on the basis of
the  drive data received by the receiver 09, and
delivers a 5 speed instruction and a steering
instruction to a drive  motor 06 and an actuator 07.
The steering unit 020 which includes the actuator 07
to be operated in response to the steering
instruction, is  adapted to turn the rubber tires 05,
and is composed of an 10 arm 011 pivotally attached at
one end to the bogie 04  through the intermediary of a
pin 012, the actuator 07  which is attached to the
distal end of the arm 011 and  which may be electric,
hydraulic or pneumatic, a link rod  059, levers 056a,
056b for the left and right rubber tires 15 05 and a
tie rod 057 coupling these levers therebetween.  With
the above-mentioned units, when the actuator 07  is
operated by the steering instruction from the control
unit 010, the arm 011 is rotated around the pin 012 as
a  center in response to the instruction, and
accordingly, the 20 motion of the arm actuates the
levers 056a, 056b through  the intermediary of the
link rod 059 and the tie rod 05 in  order to turn the
rubber tires 05 leftward or rightward. This steering
system steers the vehicle 03 on the  basis of drive
data stored in the ground element 02 with no  25 use
of any guide rail, and accordingly, it is possible to
eliminate the necessity of the guide rail and the
like,  thereby it is possible to greatly reduce the
construction - 6  costs of the track 01. Further,
since no guide wheels are  used, consumables thereof
are not required, resulting in  



reduction of the maintenance costs, and further, since
no  contact between the guide wheels and the guide
rail is 5 caused, there may be offered the advantage
that vibration  and noise can be reduced. However, the
steering system disclosed in the Patent  Document 3
does not use a mechanical steering mechanism
including guide wheels and a guide rail, and
accordingly, 10 requires safety measures for
protection against runaway or  come-off of the vehicle
from the track in the case of a  failure of the
steering system or emergency caused by  environment
disturbance, that is, strong wind, rain, snow  or the
like. Moreover, since deviation of the running 15
position of the vehicle which runs on the track
gradually  increases, being caused by a variation in
the frictional  coefficient of the road surface of the
track due to a  variation in the environmental
disturbance, a number of  passengers, abrasion of the
tires or the like, it is 20 required to compensate
this deviation in order to carry out  a safe and high
speed operation with a high degree of  efficiency.
Thus, it is extremely important to ensure the safety,
and to compensate a deviation of a running position,
and so  25 forth for the transportation system having
a track on which  a vehicle runs, being automatically
steered along a predetermined running course without
using any mechanical 7  steering mechanism including
guide wheels and guide rails.  The -above-mentioned
conventional track transportation  



system has been insufficient for ensuring the safety
compensating a deviation of a running position with a
simple and lightweight configuration, and also capable
of  diving at a high speed with a high degree of
accuracy.  [Patent Document 1] Japanese Patent
Laid-Open No. 2003- 146204 [Patent Document 2]
Japanese Patent Laid-Open No. 2003- 104198 [Patent
Document 3] U. S. Patent No. 6,520,303  [Patent
Document 4] U. S. Patent No. 6,364,215  [Patent
Document 5] WO00/53480 [Patent Document 6] Japanese
Patent Laid-Open No. 2002- 351544 Disclosure of the
Invention The present invention is contrived in
consideration  of the above-described problems, and an
object of the  invention is to provide a track
transportation system in  which a vehicle runs on a
predetermined truck, being  automatically steered,
having a simplified and lightweight  structure so as
to surely ensure a safety, and to be  capable of
carrying out efficient and high-speed operation
without using a mechanical steering mechanism such as
guide  wheels and a guide rail. In order to obtain the
above-described object,  according to the invention
stated in claim 1, there is 8  provided a track
transportation system in which a vehicle  runs on a
predetermined track, comprising: a steering  



mechanism for automatically steering front and rear
wheels  of the vehicle by means of actuators, a
protection guide  rail laid on a road surface of the
track, protection guide  wheels traveling along the
protection guide rail without  making contact with the
latter, and provided at least in  one set in each of
front and rear parts of the vehicle  underneath the
vehicle, a link mechanism linked to the  steering
mechanism so as to turn the protection guide  wheels
into one and the same direction as the steering
direction of the front or rear wheels during running
of the  vehicle, and a control means comprising a
track data  determining means for determining a
straight portion, a  curved portion, a turnout portion
or the like of the track  in view of a vehicle
position data, for controlling an  automatic steering
instruction delivered to the steering  mechanism in
response to the track data determined by the  track
data determining means. With the invention stated in
claim 1, the track data  determining means determines
the straight portion, the  curved portion, the stop
station, the turnout portion or  the like for
controlling the automatic steering instruction
delivered to the steering mechanism in response to the
track data so that a section of the track that
requires the  automatic steering is properly
controlled, thereby it is  possible to enhance the
safety and the reliability of the  transportation
system during running of the vehicle under  automatic
steering, and to enable the vehicle to run with a 9  



high degree of efficiency and at a high speed.
According to the invention stated in claim 2, there
is provided a track transportation system as set forth
in  claim 1, in which the automatic steering is
controlled in  accordance with a predetermined
steering pattern if the  track data determining means
determines a normal straight  or curved portion. With
the invention stated in claim 2, especially for  the
straight portion or the curved portion of the track
without the station portion, the turnout portion or
the  like thereby the position of the running vehicle
does not  change much, it is possible to carry out the
driving of the  automatic steering smoothly in
response to the  predetermined steering pattern stored
in the control means. According to the invention
stated in claim 3, there  is provided a track
transportation system as set forth in  claim 2, in
which the control means includes a fail-safe  means
for interrupting the control for the automatic
steering when the steering mechanism is abnormal
during the  control for the automatic steering, and
steering the  vehicle with the use of the protection
guide wheels in such  a way that the protection guide
wheels make contact with  the protection guide rail.
With the invention stated in claim 3, when the
steering mechanism is abnormal during the control for
the  automatic steering, the control for the automatic
steering  is stopped by the fail-safe means, and
vehicle is steered  by the use of the protection guide
wheels in such a way  



that the protection guide wheels make contact with the
10  protection guide rail. Thus, due to the provision
of the  fail-safe means, even though a failure or the
like of the  steering mechanism in the vehicle occurs,
the vehicle can  be safely protected, and passengers
can be surely  transported, thereby it is possible
ensure the safety and  the reliability. Moreover,
because the fail-safe means is  achieved with such an
extremely simple feature, not only  having a
simplified and lightweight structure of the  vehicle
but also reduction of infrastructure cost and also
simplifying the structure of ground equipments such as
track facility can be achieved. According to the
invention stated in claim 4, there  is provided a
track transportation system as set forth in  claim 1,
comprising a vehicle position correcting means for
interrupting the steering by the steering mechanism if
the  track data determining means determines a station
portion,  a turnout portion, a point just therebefore
or the like,  and for forcing the protection guide
wheels to be  positioned on a travel path defined by
the protection guide  rail so as to correct the
position of the vehicle. With the invention stated in
claim 4, when the track  data determines the station
portion, the turnout portion,  the point just
therebefore or the like, the steering by the  steering
mechanism is stopped by the vehicle position
correcting means, and the vehicle position correcting
means  forces the protection guide wheels to be
positioned on a  



travel path defined by the protection guide rail so as
to  correct the position of the vehicle. Therefore,
the  position of the vehicle can be corrected to be on
an 11  original position on the track or a desired set
position.  For example, adjustment in order to obtain
an appropriate  space with respect to a platform in
the stop station, or  adjustment the position for
carrying out a smooth movement  at the turnout portion
is possible. According to the invention stated in
claim 5, there  is provided a track transportation
system as set forth in  claim 1, characterized by
further comprising a protection  arm extended
longitudinally of the vehicle and pivotally  supported
at its center to the lower part of an axle of the
front or rear wheel, and is provided at its both front
and  rear end parts with the protection wheels, the
steering  mechanism includes a tie rod coupling the
left and right  wheels, and the actuator for applying
a steering force to  one of the left and right wheels,
and the link mechanism  includes a link rod for
linking the protection arm to one  of the left and
right wheels. With the invention stated in claim 5, as
the steering  mechanism includes the tie rod coupling
the left and right  wheels, and the actuator for
applying the steering force to  one of the left and
right wheels, thereby the steering  force applied to
one of the wheels by the actuator impinges  to another
wheel as well reliably, and thereby it is  possible to
construct so-called an Ackermann link mechanism  



for the vehicle to turn smoothly. Moreover, since the
link  mechanism comprises a link rod for linking the
protection  arm to one of the left and right wheels,
it is possible to  simplify and trim weight of the
link mechanism. According to the invention stated in
claim 6, there 12  is provided a track transportation
system as set forth in  claim 1, characterized in that
a protection arm is extended  longitudinally of the
vehicle and pivotally supported at  its center to the
lower part of an axle of the front or  rear wheels,
and is provided at its both front and rear end  parts
with the protection guide wheels, the steering
mechanism includes left and right tie rods linking the
protection arm respectively to the left and right
wheels,  and the actuator for turning the protection
arm. With the invention stated in claim 6, since the
steering mechanism includes left and right tie rods
linking  the protection arm respectively to the left
and right  wheels, and the actuator for turning the
protection arm, a  tie rod for linking the left and
right wheels is  unnecessary. Further, as the left and
right tie rods  combine the function of the link
mechanism, it is possible  to further simplify and
trim weight the steering mechanism  and the link
mechanism. Furthermore, since the protection  arm is
directly operated by the actuator, it is possible to
reduce control delay or control error resulting in
accurate  control According to the invention stated in
claim 7, there  



is provided a track transportation system as set forth
in  claim 6, wherein the actuator is incorporated in a
rotary  support bearing portion of the protection arm.
With the invention stated in claim 7, since the
actuator is incorporated in a rotary support bearing
portion of the protection arm, it is possible to
construct the equipment itself compact and can improve
the steering 13  accuracy. According to the invention
stated in claim 8, thee is  provided a track
transportation system as set forth in  claim 6,
characterized in that the rotating center of the
protection arm is located at a middle of a center
axial  line of the left and right wheels, and a
vertical distance  H from the center axial line to the
coupling point of the  left and right side tie rods
with respect to the protection  arm is set to be
greater that a vertical distance H' from  the center
axial line to the coupling points of the tie  rods
with respect to the wheel side (H > H'). With the
invention stated in claim 8, the rotating  center of
the protection arm is located at the middle of  the
center axial line of the left and right wheels, and
the  vertical distance H from the center axial line to
the  coupling point of the left and right side tie
rods with  respect to the protection arm is set to be
greater that a  vertical distance H' from the center
axial line to the  coupling points of the tie rods
with respect to the wheel  side (H > H'), thereby
so-called Ackermann style steering  



mechanism is formed, and the steering angles for the
left  and right wheels are appropriately set, and
turning  function is ensured. According to the
invention stated in claim 9, there  is provided a
track transportation system as set forth in  claim 5
or 6, characterized in that the protection guide  rail
is formed of a U-like steel bar, the protection guide
wheels are arranged in the U-like steel bars without
making  contact with side walls of the protection
guide rail, and 14  the protection wheels are arranged
respectively at both  front and rear ends parts of the
protection arm, two for  each end part, on the left
and right sides of the  protection arm, as viewed in a
plane view. With the invention stated in claim 9, the
protection  guide wheels are arranged in the U-like
steel bars without  making contact with both of the
side walls of the  protection guide rail, and the
protection wheels are  arranged respectively at both
front and rear ends parts of  the protection arm, two
for each end part, on the left and  right sides of the
protection arm. Therefore, the side on  which the
protection guide wheels are made into contact the
side walls is fixed, , the protection guide wheels are
rotated in one and the same direction if the advancing
direction is fixed, thereby it is possible to enhance
the  durability of the protection guide wheels.
According to the invention stated in claim 10, there
is provided a track transportation system as set forth
in  



claim 5, characterized in that the protection guide
rail is  formed of a U-like steel bar, the protection
guide wheels  are arranged in the U-like steel bars
without making  contact with side walls of the
protection guide rail, and  the protection wheels are
arranged respectively at both  front and rear ends
parts of the protection arm, two for  each end part,
on both left and right sides of the  protection arm,
being longitudinally shifted from each  other. With
the invention stated in claim 10, since the
protection guide wheels are arranged in the U-like
steel 15  bars without making contact with both of the
side walls of  the protection guide rail, and the
protection wheels are  arranged respectively at both
front and rear ends parts of  the protection arm, two
for each end part, on the left and  right sides of the
protection arm, when the protection  guide rail has
one and the same width, the diameter of the
protection guide wheels can be increased, thereby it
is  possible to further enhance the durability of the
protection guide wheels. According to the invention
stated in claim 11, there  is provided a track
transportation system as set forth in  claim 5 or 6,
characterized in that the protection guide  rail is
formed on an I-like steel bar, and the left and  right
protection wheels and the protection arms are
arranged so as to interpose the I-like steel bar
therebetween, the left and right protection arms are
linked  



to each other by a protection arm link rod so as to
cause  the left and right arms to be operating in
parallel with  each other. With the invention stated
in claim 11, since the  protection guide rail applies
the form of I-like steel bar,  the structure of the
protection guide rail can be  simplified. Further,
bending the protection guide rail so  as to form a
curved portion can be facilitated, and  accordingly,
the protection guide rail can be readily laid.
Further, the place where the protection guide rail is
laid,  can be shifted from the center of the track.
According to the invention stated in claim 12, there
is provided a track transportation system as set forth
in 16  claim 5 or 6, characterized in that the
protection guide  rail is formed of an I-like steel
bar, the protection guide  wheels are arranged back
and forth so as to interpose the  I-like steel bar
therebetween, being shifted back and forth,  the front
and rear protection guide wheels are linked to  each
other through the intermediary of protection wheel
link rods, and the protection guide wheel link rods
which  are arranged back and forth are linked to each
other by  means of the protection arm. With the
invention stated in claim 12, since only one
protection arm 42 is used, the structure of the
protection  arm 42 can be simplified, and accordingly,
the weight thereof can be reduced. According to the
present invention, there can be  



provided a track transportation system in which a
vehicle  runs on a predetermined truck, being
automatically steered,  having a simplified and
lightweight structure so as to  surely ensure a
safety, and to be capable of carrying out  efficient
and high-speed operation without using a  mechanical
steering mechanism such as guide wheels and a  guide
rail. Brief Description of the Drawings Fig. 1 is an
explanatory plan view illustrating a  tack
transportation system in a first embodiment of the
present invention, Fig. 2A is a sectional view along
line A-A in Fig. 1,  Fig. 2B is an explanatory view
illustrating a variant - 17  Further, by arranging the
link rod 46 and the  actuator 36 on one side of the
vehicle 12, the vehicle can  accept any countermeasure
even though the distance between  the left and right
wheels is short, the size of the 5 actuator 36 is
large or the center positions of the vehicle  12 and
the protection guide wheel 14 are shifted left and
right from each other. Explanation will be hereinbelow
made of the  attachment of the steering mechanism 26,
the protection arm  10 42 and actuator 36 onto the
front wheel bogie 16, with reference to Figs. 3 and 4.
There is provided an axle housing 60 including a
differential mechanical portion 56 for receiving a
drive  force from a drive motor (not shown) and an
axle portion 58 



15 for transmitting a drive force to the left and
right wheels,  which are integrally incorporated with
each other. Further,  a bogie frame 62 is provided
above the axle housing 60. The protection arm 42 is
located at its rotating  center to the center of the
axle, and is attached thereto  20 with a support
bracket 64 supported to the lower part of the
differential mechanism portion 56. This support
bracket  64 is attached in its upper part to the bogie
frame 62,  being turned around the differential
mechanism portion 56  and extended underneath the
latter, and has a protection 25 frame portion 66 for
rotatably holding the protection arm  42 in its lower
part. Further, the protection frame portion  66 has a
double-side support structure in which a rotatable -
18  support shaft for the protection arm 42 is held,
between  both upper and lower side part thereof.
Further, the  protection frame portion 66 is formed
with left and right  longitudinal walls 68, 68, with
which the turning range of 5 the protection arm 42 is
limited. As shown in Fig. 4, the actuator 36 has an
electrical  power motor 72, a clutch 74, a ball screw
76, and a limit  guide 78 which are assembled in an
L-like sectional shape  frame 70 so as to have a unit
structure. Thus the frame 70 10 in which the
above-mentioned components are incorporated so  as to
have the unit structure is attached to the bogie
frame 62 by means of bolts. The ball screw 76 has a
feed  nut part 80 which is connected thereto with one
end part of  the movable rod 38 of the actuator 36,
and the other end 



15 part of the movable rod 38 is coupled to the upper
spherical surface part 52 of the twin spherical
surface  joint 50 so as to be connected to the front
steering arm  28a. Further, as shown in Fig. 3, one
end part of the  20 protection arm 42 and the lower
spherical surface joint  part 54 of the twin spherical
surface joint 50 are  connected therebetween by the
link rod 46 so as to be  coupled to the front steering
arm 28a. The rear steering  arm 30a is connected
thereto at its rear end part with the 25 tie rod 32 so
as to be coupled with the rear steering arm  30b for
the right wheel. In view of the structure of the
transportation system - 19  in the first embodiment as
stated above, since the support  bracket 64 attached
to the bogie frame 62 is used in order  to support the
protection arm 42 carrying the protection  guide wheel
40, to the lower part of the differential 5 mechanism
portion 56 in the axle housing 60 having a high
degree of rigidity, there can be eliminated the
necessity  of modification of the bogie for the
attachment of the  protection arm 42, thereby it is
possible to use the  existing bogie frame 62 for the
front wheels. Thus, it is 10 possible to aim at
commonly using the components of the  bogie frame 62
and reducing the manufacturing costs.  Further, since
the actuator 36 has a unit structure which  is
attached to the bogie frame 62, the assembly
procedure,  the replacement procedure for components
and the 



15 maintenance procedure can be efficiently made, and
further,  the configuration thereof can be simplified
due to the unit  structure, thereby it is possible to
aim at reducing the  weight of the system. Further, in
the first embodiment as stated above, the  20 actuator
36 is normally operated in response to a steering
instruction from a control means 82, and accordingly,
a  steering force is transmitted to the front left
wheel 18a  from the actuator 36, and is then
transmitted to the front  right wheel 18b from the
front steering arm 28a through the 25 intermediary of
the rear steering arm 30a and then the tie  rod 32.
Moreover, the steering force from the actuator 36  is
transmitted from the twin spherical surface joint 50
to 20  the protection arm 42 through the intermediary
of the link  rod 46, and accordingly, the protection
guide wheels 40 are  also turned in association with
the operation of the  actuator 36 in the same
direction as that of the front 5 wheels 18. Thus, the
protection wheels 40 travels in the  protection guide
rail 14 together with the vehicle 12 on  running
without making contact with the side walls of the
protection guide rail 14. Next explanation will be
made of the operation  10 control for the vehicle in
the first embodiment with  reference to Figs. 6 to 8.
As shown in Fig. 6 which is a control system block
diagram, the control means 82 receives an on-ground
position signal, vehicle position data, a contact
detection  



15 signal. The on-ground position signal (on-ground
position  data) is the signal transmitted from a
ground element 02 as  explained in the conventional
example, that is, a signal  transmitted from one of
the ground elements 02 with non 20 electric source,
which are laid at predetermined intervals  along the
track 01 over the entire length of the track 01.  The
transmitted data includes an identification number of
the ground element 02, position data, track data and
control data. The position data includes absolute
position  25 coordinates and a distance from the
reference point with  respect to the ground element
02. Further, transponders  similar to the ground
elements may be used, instead of the - 21 - ground
elements. The vehicle position data indicates a
position where  the vehicle is located, that is, the
vehicle position data  indicates a vehicle position
which is calculated by 5 complementing a distance
between the ground elements 02  with GPS (Gloval
Positioning System) data, pulse signals  indicating a
rotational speed of a tire, pulse signals  indicating
a rotational speed of the drive motor or the  like.
Further, the vehicle position data may be obtained 10
from a radio signal transmitted from a supervisory
control  center, a command center or the like. The
contact detection signal indicates the detection  that
the protection guide wheel 40 makes contact with the
protection guide rail 14, by means of a limit sensor 



15 attached to the protection arm 42, a pulse sensor
detecting  the rotation of the guide wheel 40, a
steering torque  sensor provided in the steering
mechanism 26 or the like. The control means 82 is
mainly composed of, as shown  in Fig. 7, a track data
determining means 84, a normal 20 running means 86
which is energized in the case that the  track data
determining means 84 determines a normal  straight or
curved portion, a fail-safe means 88 in the  case of a
failure of the steering mechanism 26 or the like
during running of the vehicle by the normal running
means 25 86, and a vehicle position correcting means
90 in the case  that the track data determining means
84 determines a stop  station or a turnout portion. -
22  It is noted that the control means 82 may be set
either within the vehicle or any one of the
supervisory  center, the command center and the like
outside the vehicle  so as to build up a control
system for batch command 5 control. The control
procedure will be explained with  reference a
flowchart shown in Fig. 7. At first, the track  data
determining means 84 determines track data in
accordance with the on-ground position signal
(on-ground 10 position data), the vehicle position
data and the like (Si).  The track data determining
means 84 determines a position  where the vehicle is
located, and a portion of the track  where the vehicle
runs, such as a straight portion, a  curved portion, a
stop station or a turnout portion. 



15 Further, it can determine a distance (how many
meters) to a  next presence such as a stop station, a
turnout portion or  a sharply curved portion. When the
track data determining means 84 determines a  normal
straight or curved portion, the control by the 20
normal running means 86 is carried out. The normal
running means 86 detects a position where  the vehicle
runs from the vehicle position data, and then
compares the vehicle position with running data
previously  stored in the storage part of the control
means 82 so as to 25 determine a steering pattern
(S3). Further, automatic  steering is turned on (S5)
so as to transmit an automatic  steering instruction
in view of the steering pattern, to - 23  the actuator
36 in order to initiate the automatic steering  (S7).
Thereafter, the front wheels 18 are turned by means
of the actuator 36 so as to guide the vehicle. During
running under the automatic steering, whether  5 the
protection guide wheel 40 makes contact with the
protection guide rail 14 or not is determined in view
of  the contact detection signal (S9). That is, the
protection  guide wheel 40 would make contact with the
protection guide  rail 14 so as to deliver a contact
detection signal if, for 10 example, the vehicle 12
tends to go off from the track 01  in the case that
the steering mechanism 26 fails. If it is  true, it is
determined that the steering mechanism 26 fails,  and
accordingly, the control is carried out by the fail-
safe means 88. But, if it is false, it is determined
that 



15 the steering mechanism 26 is normally operated, and
accordingly, the automatic steering instruction with
the  steering pattern is held (S10) so as to continue
the  automatic steering. As to the control by the
fail-safe means 88, at first,  20 the automatic
steering is turned off (Sli) so as to release  the
steering carried by the actuator 36 in order to set
the  steering mechanism 26 to be free. Thereafter, the
protection guide wheels 40 make contact with the
protection  guide rail 14 so as to turn the front
wheels 18 through the  25 motion of the protection arm
42 along the side walls of the protection guide rail
14 in order to steer the vehicle 12.  That is, the
mechanical feed-back caused by the protection - 24
guide wheels 40 and the protection guide rail 14
guides the  vehicle 12 (S13). Further, the steering
instruction value  is reset (S15). Thus, due to the
provision of the fail-safe means 88,  5 even though a
failure or the like of the steering mechanism  26 in
the vehicle occurs, the vehicle can be safely
protected, and passengers can be surely transported,
thereby it is possible ensure the safety and the
reliability. 10 In the case of determination of a stop
station, a  turnout portion or a position just before
the stop station  or the turnout portion by the track
date determining means  84, the control is made by the
vehicle position correcting  means 90. 



15 As to the control by the vehicle position
correcting  means 90, the automatic steering is turned
off (S17), and  as shown in Fig. 8, when the vehicle
12 comes into a vehicle position correcting zone 94
incorporating position  adjusting members 92 at the
opposite side surfaces of the  20 protection guide
rail 14, the vehicle 12 is forced to be set on a
running path defined by the vehicle position
correcting members 92, by means of the protection
guide  wheels 40. That is, an initial value is set in
the steering  system through mechanical constraint
feed-back, and 25 accordingly, the vehicle 12 is set
to a predetermined  position on the road surface of
the track (S19). Then, a  steering instruction value
for the automatic steering is - 25  reset (S21).
Thereafter, when it is determined that the  vehicle 12
passes by the vehicle position correcting zone  94
(S23) from ground position signals from the ground
elements 02, a new steering pattern is determined in 5
accordance with the vehicle position data (S25).
Further,  the automatic steering is turned on (S27),
and accordingly,  an automatic steering instruction
based upon the new  steering pattern is transmitted to
the actuator 36 so as to  initiate the automatic
steering (S29). 10 The width between both side walls
of the protection  guide rail 14 in the vehicle
position correcting zone 94 in  the vehicle position
correcting mean 90 is set to the value  that the
protection guide wheels 40 make contact with the  both
side walls of the protection guide rail 14. 



15 Specifically, the width is set to a value which is
slightly  larger than that of the protection guide
wheels 40 by 1 to  5 mm. Further, the longitudinal
length of the protection  guide rail 14 in the vehicle
position correcting zone 94 is  set to a value which
is at least not less than the overall 20 length of the
vehicle, which is preferably 1 to 3 times as  long as
the overall length of the vehicle. Thus, when the
vehicle 12 passes through the vehicle  position
correcting zone 94, the protection guide wheels 40
make contact with the position adjusting members 92
laid 25 along both side walls of the protection guide
rail 14, and  accordingly, the vehicle position is
corrected so as to  cause the vehicle to go along the
rung path defined by the - 26  protection guide rail
14. Thus, even though the vehicle 12  is positionally
deviated left and light due to various  disturbances,
or even though the vehicle causes occurrence  of a yaw
angle (the inclination of the longitudinal axis of 5
the vehicle with respect to the running direction of
the  vehicle) or the like, the vehicle position is
corrected to  an original position or a desired set
position by the  vehicle position correcting means 90.
The vehicle position correcting zone 94 is desirably
10 arranged at a position which is just before a point
from  which the vehicle enters into a stop station in
order to  obtain an appropriate space with respect to
a platform in  the stop station, or which is just
before a turnout portion,  a curved track or the like.



15 As stated above, in the first embodiment of the
present invention, the tack data determining means 84
determines a straight portion, a curved portion, a
stop  station, a turnout portion or the like from the
track data  so as to carry out the operation by the
normal running 20 means 84, the operation by the
vehicle position correcting  means 90 or the operation
by the fail-safe means 88,  thereby it is possible to
enhance the safety and the  reliability of the
transportation system during running of the vehicle
under automatic steering, and to enable the  25
vehicle to run with a high degree of efficiency and at
a  high speed. Further, the protection guide wheels 40
can make - 27  contact with the protection guide rail
14 so as to steer  the vehicle 12 by means of the
protection guide wheel 40,  that is, the vehicle 12 is
guided by the protection guide  wheels 40 and the
protection guide rail 14, and accordingly, 5 the
vehicle 12 can be safely protected so as to surely
transport the passengers even though the steering
mechanism  26 of the vehicle fails and so forth,
thereby it is  possible to ensure the safety and the
reliability of the  transportation system. 10 Further,
the steering mechanism is constituted by the  tie rod
32, and the front and rear steering arms 28, 30 so  as
to transmit a drive force to one of the front wheels
18  from the actuator 36, and accordingly, the front
left and  right wheels can be surely steered. 



15 Further, the protection arm 42 mounted thereto with
the protection guide wheels 40 is supported to the
lower  part of the differential mechanism portion 26
of the highly  rigid axle housing 60 so as to have a
unit structure, and  as well, the actuator 36 has a
unit structure which is 20 mounted to the bogie frame
62. Thus, the efficiencies of  working, replacement of
components, and maintenance for the  vehicle can be
enhanced, further the configuration of the  vehicle
can be simplified due to the unit structures,  thereby
it is possible to aim at reducing the weight of the
25 vehicle. [Embodiment 21 Next, a second embodiment
of the present invention - 28  will be explained with
reference to Figs. 9 to 10. The  second embodiment
will concern a variant form of the  steering mechanism
25 explained in the first embodiment.  Like reference
numerals will be used to denote parts like 5 to those
explained in the first embodiment so as to  abbreviate
the explanation thereto. Referring to Fig. 9 which is
a plane view, the basic  configuration of the steering
mechanism 26 is identical to  that explained in the
first embodiment, except that the 10 link rod 46 is
located on the side remote from the place  where the
actuator 36 is arranged. Although both left and right
spaces are occupied,  this arrangement is effective in
the case that both link  rod 46 and actuator 36 cannot
be arranged one upon another 



15 on one side due to the actuator 36 having a large
size.  Further, since the necessity of a component
such as the  twin spherical surface joint 50 used in
the first  embodiment can be eliminated, the costs of
the steering  mechanism 26 can be reduced. 20
[Embodiment 3] Next, explanation will be made of a
third embodiment  of the present invention with
reference to Figs. 11 and 12.  The third embodiment
will concern a variant form of the  steering mechanism
26. 25 Referring to Figs. 11 and 12, the rear end part
of  the protection arm 42 and the rear end parts of
the rear  steering arms 30a, 30b for the left and
right wheels are - 29  connected to one another by
means of left and right side  tie rods 98a, 98b, and
the respective connection parts are  constituted by
spherical joints 34. Further, the actuator  36 is
coupled to the rear end part of the protection arm 42
5 which is therefore turned directly thereby. It is
noted  that a linear motor or the like may be used as
the actuator  36. In this embodiment, since the
protection arm 42 is  directly operated by the
actuator 36, backlash caused by  10 abrasion of a rod
end or a rotary part or bending of a rod can be
prevented, thereby it is possible to reduce control
delay or control error, resulting in accurate control,
in  comparison with the first and second embodiments
in which a  torque is transmitted to the protection
arm 42 through the  



15 intermediary of the link rod 46. Further, the
necessity of the link rod 46 can be  eliminated, it is
advantageous in view of the  maintainability, and the
gross weight can be reduced. As shown in Fig. 15, it
is required that the position  20 of the coupling
point between the protection arm 42 and the  side tie
rods 98a, 98b satisfies a predetermined condition  in
order to constitute a Ackermann Jeantaud link
mechanism  with the use of the left and right side tie
rods 98a, 98b,  and the left and right rear steering
arms 30a, 30b. 25 Fig. 15A which is a view for
explaining a standard  motion of an Ackermann link
mechanism, that is, a plan view  as viewed from
thereabove, shows the motion of the linkage - 30  in
the case of turning downward in the direction of the
arrow, exhibiting the relationship between the turning
angle 01 of the wheel on the inside of the track and
the  turning angle 02 of the wheel on the outside of
the track in 5 the case of connection of the tie rod
having a length L  when the vertical length of the
left and right steering  arms become H. Figs. 15B and
15D show the relationship in the case  of inclusion of
the protection arm 42 interposed 10 therebetween. It
is noted here that the distance H is a vertical
distance from the center axial line of the front
wheels 18,  to the coupling points between the
protection arm 42 and  the steering arms 30a, 30b when
the pivoting center of the 



15 protection arm 42 is positioned at the midpoint of
the  above-mentioned center axial line while the
distance H' is  a vertical distance from the center
axial line to the  coupling points between the
steering arms 30a, 30b and the  side tie rods 9a, 98b,
and the distance L is between the 20 left and steering
arms 30, 30b while L1 is one-half of the  distance L.
Referring to Fig. 15B which shows the case of H = H',
as shown in Figs. 15B and 15C, since a virtual die rod
length L2 has a relationship exhibited by the
following 25 formula (1), the outside track turning
angle has a  relationship of 02'< 02, and accordingly,
the turning angle  relationship of the Ackermann link
mechanism shown in Fig. - 31 - 15A cannot be obtained:
L2= (L12 - L32 < 2xL1 ...(1 As shown in Fig. 15D which
shows the case of H < H',  as shown in Fig. 15D, the
tie rod length L4 becomes L4 > Li,  5 and accordingly,
the outside track turning angle is 02. Thus, the
relationship of the Ackermann link mechanism can  be
obtained. As a result, it is required to set the
vertical  distance H from the center axial line to the
coupling 10 points between the protection arm 42 and
the side tie rods  98a, 98b so as to be longer than
the vertical distance H'  from the center axial line
to the coupling points between  the steering arms 30a,
30b and the side tie rods 98a, 98b. Thus, it is
possible to constitute the steering  



15 mechanism having a turning angle of the front left
wheel  18a and the front right wheel 18b, which is set
to an  appropriate value. [Embodiment 4] Next, a
fourth embodiment of the present invention  20 will be
explained with reference to Figs. 13 and 14, the
forth embodiment will concern another variant form of
the  steering mechanism 26 explained in the third
embodiment.  As shown in Figs. 13 and 14, the actuator
36 explained in the third embodiment of the present
invention  25 is incorporated in a rotary support
shaft portion 100 for  of the protection arm 42. It is
required to use a speed  reduction mechanism
integrally incorporated in the actuator - 32  32 in
order to reduce the speed of a motor or the like in
the case that a rotating type actuator such as a motor
or  the like is used as the actuator. As in this
embodiment, by incorporating such an 5 actuator 36 in
the rotating support shaft portion 100 of  the
actuator 36, the system itself can be assembled in a
compact form, thereby it is possible to reduce the
weight  of the system, and to enhance the accuracy and
the maintainability.  10 [Embodiment 5] Next, a fifth
embodiment of the present invention  will be explained
with reference to Figs. 16 and 17. The  fifth
embodiment will concern a variant form of the
arrangement of the protection guide wheels 40 in the
first  



15 and second embodiments. As shown in Figs. 16 and
17, the protection guide  wheels 40 are arranged left
and right in parallel at each  of the opposite end
parts of the protection arm 42. That is,  the four
protection guide wheels 40 are provided per bogie. 20
With this configuration, since the side on which the
protection guide wheels 40 are made into contact with
the  side walls of the protection guide rail 14 is
fixed, the  protection guide wheels 40 are rotated in
one and the same  direction if the advancing direction
is fixed, thereby it 25 is possible to enhance the
durability of the protection  guide wheels 40.
Further, since the durability can be  enhanced, it is
possible to enhance the serviceability as - 33  to
replacements of components or the like. It is noted in
the case of the first and second embodiments that the
protection guide wheels 40 possibly make contact with
both  sidewalls of the protection guide rail 14 since
the 5 protection guide wheels are arranged each for
back and  forth, and accordingly, they are rotated in
different  directions. Thus, the relative rotation of
the protection  guide wheels 40 which is caused when
the protection guide  wheels 40 make contact with the
side walls of the 10 protection guide rail 14 becomes
twice, and as a result,  the protection guide wheels
40 tends to have a shortened  durability. [Embodiment
61 Next, a sixth embodiment of the present invention  



15 will be explained with reference to Figs. 18 and
19. The  sixth embodiment will concern a variant form
of the  arrangement of the protection wheels 40 in the
fifth  embodiment of the present invention. Referring
to Figs. 18 and 19, two left and right  20 protection
guide wheels 40 are arranged on opposite sides  of the
protection arm 42 at each of opposite ends thereof,
being positionally shifted from each other in the
longitudinal direction thereof. With this arrangement,
in the case of the protection  25 guide rail having
one and the same width, the diameter of  the
protection guide wheels 40 can be increased, thereby
it  is possible to further enhance the durability of
the - 34  protection guide wheels. On the contrary, in
the case of  the protection guide wheel 40 having one
and the same  durability, the protection guide rail 14
can be narrowed  while the weight of the protection
guide rail 14 becomes 5 less, thereby it is possible
to improve the workability of  laying the protection
guide rail. Further, since the width  of the
protection guide rail can be narrower, the degree of
accuracy of the protection guide rail in a curved
portion  can be enhanced. 10 [Embodiment 7] Next,
explanation will be made of a seventh  embodiment of
the present invention with reference to Figs.  20 and
21. The seventh embodiment will concern a variant
form of the protection guide rail. 



15 Referring to Figs. 20 and 21, a protection guide
rail  106 has a I-like shape, that is, an I-like shape
steel rail  is laid on the road surface 15, and left
and right  protection arms 42, 42 are arranged in
parallel with each  other on opposite sides of the
protection guide rail 106 so 20 as to interpose the
I-like steel rail therebetween. The  left and right
protection arms 42, 42 are configured so as  to move
in parallel with each other through the  intermediary
of a protection connecting rod 102. As to the
configuration of the link mechanism, 25 explanation
will be made of an example constituted being  based
upon the second embodiment, as shown in Figs. 20 and
21. The link rod 46 connects the front end part of the
- 35  front steering arm 28b for the front right
wheel, to the  right protection arm 42 in the vicinity
of the front end  part of the latter. In this
embodiment, since the laying width of the 5 protection
guide rail 106 can become narrower, there can be
eliminated the problem of interference with signal
lines  laid on the track. Further, with the provision
of the I- like protection guide rail 106, the
structure of the  protection guide rail 106 can be
simplified. Further, 10 bending the protection guide
rail 106 so as to form a  curved portion can be
facilitated, and accordingly, the  protection guide
rail 106 can be readily laid. Further, the  place
where the protection guide rail 106 is laid, can be
shifted from the center of the track. 



15 It is noted that there may be of course exhibited
similar technical effects and advantages even though
the  link rod 46 is provided on one and the same side
as that of  the actuator as in the first embodiment of
the present  invention. 20 [Embodiment 8] Next,
explanation will be made of an eighth  embodiment of
the present invention with reference to Figs.  22 and
23. The eight embodiment will concern variant forms
of the protection arm 42 and the protection guide
wheels 40  25 explained in the seventh embodiment of
the present invention.  Referring to Figs. 22, 23, the
left and right - 36  protection guide wheels 40, 40
are arranged on both sides  of the I-like protection
guide rail 106 which is therefore  interposed
therebetween, and are linked to each other by
protection guide wheel connecting rods 104 which are 5
arranged back and forth and which are connected to
each  other through the intermediary of the protection
arm 42.  As to the configuration of the link
mechanism, as shown Figs. 22 and 23, there will be
explained, as an  example, a mechanism which is
constituted being based upon  10 the second embodiment
of the present invention. The link rod 46 connects the
front end part of the front steering  arm 28b for the
front right wheel, to the protection arm 42  in the
vicinity of the front end part of the latter. In this
embodiment, since only one protection arm 42  



15 is used, the structure of the protection arm 42 can
be  simplified in comparison with the configuration in
the  seventh embodiment in which two protection arms
are  required, and accordingly, the weight thereof can
be  reduced. Further, the number of required
components, and 20 the number of rotating members can
be reduced in comparison  with those explained in the
seventh embodiment, thereby it  is possible to improve
the serviceability including  replacement of
components. Further, since the protection guide rail
14 has an I- 25 like cross-sectional shape, the upper
flange of the  protection guide rail 14 serves as a
vertical stopper for  the protection guide wheels 40,
that is, it can serve as a - 37  safety stopper for
countermeasure against turn-over of the  vehicle 12.
It is noted that one and the same technical effects
and advantage can be of course obtained even though
the 5 link rod 46 is arranged on one and the same side
as that of  the actuator as explained in the first
embodiment of the  present invention. Industrially
Applicability 10 According to the present invention, a
safety can be  surely ensured with a simple
configuration and a light  weight, for a track
transportation system in which a  vehicle runs on a
predetermined track, being automatically  steered with
no use of a mechanical steering composed of 15 guide
wheels, a guide rail and the like, and further,  



efficient operation can be made at a high speed. The
present invention can be effectively applied in a
track  transportation system. - 38 - CLAIMS  1. A
track transportation system in which a vehicle runs on
a predetermined track, comprising: 5 a steering
mechanism for automatically steering front  and rear
wheels of the vehicle by actuators, a protection guide
rail laid on a road surface of the  track, a
protection arm provided to a lower part of a  10
differential mechanical portion which is located to a
center of an axle provided to the front and rear of
the  vehicle, the protection arm is extended
longitudinally of  the vehicle and supported rotatably
at its center, protection guide wheels travelling
along the  15 protection guide rail without making
contact with the  latter, and provided at least in one
set in each of front  and rear parts of the vehicle
underneath the vehicle, a link mechanism including a
link rod located at a  position lower than the axle
for linking the protection arm  20 to one of the
wheels, and linked to the steering mechanism so as to
turn the protection guide wheels into one and the
same direction as the steering direction of the front
or  rear wheels during running of the vehicle, and a
control means comprising a track data determining  25
means for determining a straight portion, a curved
portion,  



a turnout portion or the like of the track in view of
a  vehicle position data, for controlling ON and OFF
of an - 390  automatic steering instruction delivered
to the steering  mechanism in response to the track
data determined by the  track data determining means
so as to switch between the  automatic steering with
the actuator and the steering with  5 the protection
guide wheels. 2. A track transportation system as set
forth in  claim 1, characterized in that the automatic
steering is  controlled in accordance with a
predetermined steering  pattern if the track data
determining means determines a 10 normal straight or
curved portion. 3. A track transportation system as
set forth in  claim.2, characterized in that the
control means includes a  fail-safe means for
interrupting the control for the  automatic steering
when the steering mechanism is abnormal 15 during the
control for the automatic steering, and steering  the
vehicle with the use of the protection guide wheels in
such a way that the protection guide wheels make
contact  with the protection guide rail. 4. A track
transportation system as set forth in  20 claim if
characterized by further comprising a vehicle
position correcting means for interrupting the
steering by  the steering mechanism if the track data
determining means  determines a station portion, a
turnout portion, a point  just therebefore or the
like, and for forcing the 25 protection guide wheels
to be positioned on a travel path  



defined by the protection guide rail so as to correct
the  position of the vehicle. - 40  5. A track
transportation system as set forth in  claim 1,
characterized in that the steering mechanism  includes
a tie rod coupling the left and right wheels, and  the
actuator for applying a steering force to one of the 5
left and right wheels. 6. A track transportation
system as set forth in  claim 1, characterized in that
the steering mechanism  includes left and right tie
rods linking the protection arm  respectively to the
left and right wheels, and the actuator 10 for turning
the protection arm. 7. A track transportation system
as set forth in  claim 6, wherein the actuator is
incorporated in a rotary  support bearing portion of
the protection arm. 8. A track transportation system
as set forth in  15 claim 6, characterized in that the
rotating center of the  protection arm is located at a
middle of a center axial  line of the left and right
wheels, and a vertical distance  H from the center
axial line to the coupling point of the  left and
right side tie rods with respect to the protection 20
arm is set to be greater that a vertical distance H'
from  the center axial line to the coupling points of
the tie  rods with respect to the wheel side (H > H').
9. A track transportation system as set forth in
claim 5 or 6, characterized in that the protection
guide  25 rail is formed of a U-like steel bar, the
protection guide 



wheels are arranged in the U-like steel bars without
making  contact with side walls of the protection
guide rail, and - 410  the protection wheels are
arranged respectively at both  front and rear ends
parts of the protection arm, two for  each end part,
on the left and right sides of the  protection arm, as
viewed in a plane view. 5 10. A track transportation
system as set forth in  claim 5, characterized in that
the protection guide rail is  formed of a U-like steel
bar, the protection guide wheels  are arranged in the
U-like steel bars without making  contact with side
walls of the protection guide rail, and 10 the
protection wheels are arranged respectively at both
front and rear ends parts of the protection arm, two
for  each end part, on both left and right sides of
the  protection arm, being longitudinally shifted from
each  other. 15 11. A track transportation system as
set forth in  claim 5 or 6, characterized in that the
protection guide  rail is formed on an I-like steel
bar, and the left and  right protection wheels and the
protection arms are  arranged so as to interpose the
I-like steel bar 20 therebetween, the left and right
protection arms are linked  to each other by a
protection arm link rod so as to cause  the left and
right arms to be operating in parallel with  each
other. 12. A track transportation system as set forth
in  25 claim 5 or 6, characterized in that the
protection guide  



rail is formed of an I-like steel bar, the protection
guide  wheels are arranged back and forth so as to
interpose the - 42  I-like steel bar therebetween,
being shifted back and forth,  the front and rear
protection guide wheels are linked to  each other
through the intermediary of protection wheel link
rods, and the protection guide wheel link rods which
5 are arranged back and forth are linked to each other
by  means of the protection arm. 




