DESCRIPTION

Title of Invention
TRACK-GUIDED VEHICLE, AND CAR BODY TILT CONTROL METHOD

THEREFOR

Technical Field

[0001]

The present invention relates to a guide-rail track
vehicle that can travel along a track, and particularly,
to a guide-rail track vehicle that can tilt a car body
toward an inner rail and a car body tilt control method
therefor.

Background Art

[0002]

A railway-based transportation system, which can
travel on a track wvia travelling wheels with rubber tires,

is known as a new transportation system other than a bus

or a train. Typically, this type of railway-based
transportation system is referred to as a “new
transportation system” or an “automated people mover
(APM)”. In the railway-based transportation system, guide

wheels disposed respectively in the opposite side portions
of a vehicle are guided by guide rails provided along the

track.



[0003]

In many cases, the vehicle of the railway-based
transportation system has a car body length shorter than
that of a typical train vehicle, and thereby, similar to
an automobile or a bus, the vehicle includes single-axle
bogies at the front and rear of the car body, respectively.
In addition, in many cases, when the single-axle bogies
are used in the vehicle of the railway-based
transportation system, a parallel 1link method similar to
an automobile or the 1like 1is adopted for a simple
suspension mechanism. In the vehicle of the railway-based
transportation system, air springs may be provided between
the car body and the bogie so as to absorb roughness of
the track and improve ride quality.

[0004]

The vehicle of the railway-based transportation
system 1is required to enable increased travel speed such
that a movement time is reduced or transportation capacity
is increased. However, since an unbalanced centrifugal
force 1increases corresponding to an increase 1in travel
speed when the wvehicle travels on a curved portion of the
track, ride quality and safety may deteriorate.

[0005]

A typical train vehicle, which includes a car body

tilting apparatus configured to tilt a car body inward of



the track so as to counteract an unbalanced centrifugal
force generated in the curved portion, has been put into
practice.

For example, 1in a technology disclosed in PTLs 1 to
5, the car body is tilted toward the inner rail by setting
the respective lengths of a pair of right and left air
springs to be different from each other using a height
adjustment mechanism of the air springs. According to
this technology with a simple configuration, it is
possible to tilt the vehicle toward the inner rail.
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[0007]

In a case where the tilting of the vehicle 1is
performed wusing the air springs, based on a pre-set
operation plan (run curve), the position of a host wvehicle,
and the like, it 1is necessary to start control of supply
and discharge of air to and from the air springs when the
guide-rail track vehicle enters the curved portion of the
track. For this reason, 1t 1s necessary to accurately
detect the position of a host vehicle. However, in a case
where variances 1in detecting the position of a host
vehicle occur, regardless of when the guide-rail track
vehicle enters the curved portion, the car body may not be
tilted toward the inner rail but be tilted toward an outer
rail due to centrifugal force. In this case, passengers
feel acceleration greater than that induced by an actual
centrifugal force, and thereby the passengers may
experience deteriorated ride quality.

[0008]

In order to prevent the car body from being tilted
toward the outer rail, the vehicle may be provided with an
anti-rolling apparatus that is configured to prevent the
car body from being tilted in a rolling direction by
increasing rolling rigidity when the vehicle enters the
curved portion of the track. However, when the tilting of

the car Dbody 1s prevented by increasing the rolling



rigidity, vibration induced by roughness of a travel path
is transmitted to the car body, and ride quality may
deteriorate.

[0009]

A car body tilting mechanism with the adoption of a
pendulum needle method may be used in a typical train
vehicle so as to counteract an unbalanced centrifugal
force. However, when the car body tilting mechanism with
the adoption of the pendulum needle method is adopted in
the wvehicle of the railway-based transportation system,
the size of the bogie may become excessively 1large
compared to that of the car body. For this reason, the
center of gravity of the car body is positioned at a high
location, and thereby there may be no improvement in ride
quality.

[0010]

An object of the present invention is to provide a
guide-rail track vehicle and a car body tilt control
method therefor in which deterioration in ride quality can
be wvery reliably prevented when the guide-rail track
vehicle travels on a curved portion of a track.

Solution to Problem

[0011]

According to a first aspect of the present invention,

there 1s provided a guide-rail track vehicle including a



car body and a bogie configured to support the bottom of
the car body. The bogie includes a car body tilting
mechanism configured to tilt the car body in a vehicle
lateral direction, and a guiding frame configured to turn
while being guided by guide rails provided along a track.
The bogie further includes a detection unit configured to
detect the degree of turning of the guiding frame, and a
tilt control wunit configured to control the car body
tilting mechanism to tilt the car body based on a
detection result from the detection unit.

[0012]

According to a second aspect of the present
invention, 1in the guide-rail track vehicle of the first
aspect, the detection unit may include a 1link mechanism
configured to convert a displacement of the guiding frame
in a turn direction into a linear displacement, and a
displacement sensor configured to detect the linear
displacement converted by the link mechanism.

[0013]

According to a third aspect of the present invention,
the guide-rail track vehicle of the first or second aspect
may further include dampening apparatuses that are
disposed between the bogie and the car body while being
separate from each other in the wvehicle lateral direction;

a height adjustment apparatus configured to be able to



individually adjust the height of each of the dampening
apparatuses; and an automatic height adjustment mechanism
configured to maintain the height of the dampening
apparatus in a pre-set range of height by operating the
height adjustment apparatus. The car body tilting
mechanism may include a height adjustment apparatus moving
mechanism configured to be able to move the height
adjustment apparatus in a height direction, and a drive
apparatus configured to drive the height adjustment
apparatus moving mechanism. In addition, the tilt control
unit may control the driving of the drive apparatus based
on a detection result from the detection unit, and move
the position of the height adjustment apparatus in the
height direction wusing the height adjustment apparatus
moving mechanism.

[0014]

According to a fourth aspect of the present
invention, the guide-rail track vehicle of the first or
second aspect may further include dampening apparatuses
that are disposed between the bogie and the car body while
being separate from each other in the vehicle lateral
direction; a height adjustment apparatus configured to be
able to individually adjust the height of each of the
dampening apparatuses; and an automatic height adjustment

mechanism configured to maintain the height of the



dampening apparatus 1in a pre-set range of height by
operating the height adjustment apparatus. The car body
tilting mechanism may include a tilt angle control
apparatus that 1s configured to change the height of the
dampening apparatus while bypassing the height adjustment
apparatus, when tilting the car body, and a tilt
adjustment apparatus configured to restrict the height
adjustment apparatus from adjusting the height of the
dampening apparatus. In addition, the tilt control unit
may control the driving of the tilt angle control
apparatus based on a detection result from the detection
unit such that the height of the dampening apparatus is
adjusted.
[0015]

According to a fifth aspect of the present invention,
the guide-rail track vehicle of the first or second aspect
may further include dampening apparatuses that are
disposed between the bogie and the car body while being
separate from each other in the wvehicle lateral direction;
a height adjustment apparatus configured to be able to
individually adjust the height of each of the dampening
apparatuses; and an automatic height adjustment mechanism
configured to maintain the height of the dampening
apparatus in a pre-set range of height by operating the

height adjustment apparatus. The car body tilting



mechanism may include a car body 1lifting up and down
apparatus that 1s configured to support the bottom of the
dampening apparatus and to be able to move the position of
the dampening apparatus in a vertical direction, and a
tilt adjustment apparatus configured to restrict the
height adjustment apparatus from adjusting the height of
the dampening apparatus. In addition, the tilt control
unit may control the car body 1lifting up and down
apparatus to displace the position of the dampening
apparatus in the vertical direction based on a detection
result from the detection unit.
[0016]

According to a sixth aspect of the present invention,
the guide-rail track vehicle of the first or second aspect
may further include dampening apparatuses that are
disposed between the bogie and the car body while being
separate from each other in the wvehicle lateral direction;
and an anti-rolling apparatus that 1s configured to
include a torsion bar extending in the wvehicle lateral
direction, and to restrict the tilting of the car body
using a restoring force of the torsion bar in a torsional
direction. The car body tilting mechanism may include a
rod expansion and contraction apparatus configured to
displace a neutral position of the torsion bar in the

torsional direction. In addition, the tilt control unit



10

may control the driving of the rod expansion and
contraction apparatus based on a detection result from the
detection wunit such that the neutral position of the
torsion bar is displaced.

[0017]

According to a seventh aspect of the present
invention, the guide-rail track vehicle of the fifth or
sixth aspect may further include dampening apparatuses
that are disposed between the bogie and the car body while
being separate from each other in the vehicle lateral
direction. The bogie may include a suspension frame fixed
to a floor portion of the car body. The car body tilting
mechanism may 1include a right/left stopper that 1is
disposed in a lateral center portion of the floor portion
of the car body and is configured to restrict the car body
from being slid in the vehicle 1lateral direction while
allowing the car body to be tilted in the vehicle lateral
direction, and a car body tilting drive apparatus
configured to apply force to the suspension frame in the
vehicle lateral direction. In addition, the tilt control
unit may control the driving of the car body tilting drive
apparatus based on a detection result from the detection
unit such that force is applied to the suspension frame in
the vehicle lateral direction.

[0018]
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According to an eighth aspect of the present
invention, in the guide-rail track vehicle of any one of
the first to seventh aspects, the tilt control unit may
include a running condition acquisition unit configured to
acquire at least vehicle speed information as a running
condition, and a curvature radius <calculation unit
configured to calculate the curvature radius of the track
based on the degree of turning detected by the detection
unit. The tilt control unit may further include a normal
acceleration calculation unit configured to obtain normal
lateral acceleration applied to passengers in the wvehicle
based on the vehicle speed information and the curvature
radius, and a tilt angle calculation unit configured to
calculate the lateral tilt angle of the car body based on
the normal lateral acceleration.

[0019]

According to a ninth aspect of the present invention,
the guide-rail track wvehicle of the eighth aspect may
further include a speed detection wunit configured to
detect a vehicle speed. The running condition acquisition
unit may acquire vehicle speed information from the speed
detection wunit. In addition, the normal acceleration
calculation unit may calculate normal lateral acceleration
based on information regarding the vehicle speed and the

curvature radius.
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[0020]

According to a tenth aspect of the present invention,
the tilt control unit of the guide-rail track vehicle of
the eighth aspect may further include a storage unit
configured to pre-store information regarding the cant of
the track and the wvehicle speed. The running condition
acqguisition wunit may acquire information regarding the
cant and the vehicle speed from information stored in the
storage unit. In addition, the normal acceleration
calculation unit may calculate normal lateral acceleration
based on information regarding the cant, the vehicle speed,
and the curvature radius.

[0021]

According to an eleventh aspect of the present
invention, the guide-rail track vehicle of the tenth
aspect may further include an acceleration detection unit
configured to detect normal 1lateral acceleration. The
running condition acquisition unit may acquire information
regarding the normal lateral acceleration detected by the
acceleration detection unit. In addition, the tilt
control unit may include an acceleration comparison unit
that 1s configured to <compare the normal lateral
acceleration calculated by the normal acceleration
calculation wunit with the normal lateral acceleration

detected by the acceleration detection unit.
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[0022]

According to a twelfth aspect of the present
invention, there 1s provided a car body tilt control
method of a guide-rail track vehicle including a guiding
frame that is configured to turn while being guided by
guide rails provided along a track, the method including:
a detection step of detecting the degree of turning of the
guiding frame; and a tilt control step of controlling the
tilting of a car body based on the degree of turning of
the guiding frame.

[0023]

According to a thirteenth aspect of the present
invention, in the car body tilt control method of a guide-
rail track vehicle of the twelfth aspect, the tilt control
step may include a running condition acquisition step of
acquiring at least vehicle speed information as a running
condition; a curvature radius calculation step of
calculating the curvature radius of the track based on the
degree of turning of the guiding frame; a normal
acceleration calculation step of obtaining normal lateral
acceleration applied to passengers in the vehicle based on
the wvehicle speed and the curvature radius; and a tilt
angle calculation step of calculating the lateral tilt
angle of the car body Dbased on the normal 1lateral

acceleration. The tilting of the car body may be
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controlled in such a manner that the tilt angle 1s equal
to the calculated tilt angle.

[0024]

According to fourteenth aspect of the present
invention, in the car body tilt control method of a guide-
rail track vehicle of the thirteenth aspect, information
regarding a cant and the vehicle speed may be acquired in
the running condition acquisition step, and the normal
lateral acceleration may be calculated based on the cant,
the wvehicle speed, and the curvature radius in the normal
acceleration calculation step.

[0025]

According to a fifteenth aspect of the present
invention, the car body tilt control method of a guide-
rail track vehicle of the fourteenth aspect may further
include an acceleration detection step of detecting normal
lateral acceleration. Information regarding the normal
lateral acceleration detected in the acceleration
detection step may be acquired in the running condition
acqguisition step. The tilt control step may include an
acceleration comparison step of comparing the normal
lateral acceleration calculated in the normal acceleration
calculation step with the normal lateral acceleration
detected in the acceleration detection step.

Advantageous Effects of Invention
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[0026]

In the guide-rail track vehicle according to these
aspects of the present invention, 1t 1is possible to more
reliably prevent ride quality from deteriorating when the
vehicle travels on a curved portion of the track.

Brief Description of Drawings

[0027]

Fig. 1 1is a plan view illustrating a bogie of a
guide-rail track vehicle in an embodiment of the present
invention.

Fig. 2 1s an enlarged side view of the bogie of the
guide-rail track vehicle in the embodiment.

Fig. 3 1is an enlarged front view of the bogie of the
guide-rail track vehicle in the embodiment.

Fig. 4 is a block diagram illustrating a
configuration of a tilt control unit in the embodiment.

Fig. 5 is a plan view illustrating before and after
states of the bogie when travels on a curved portion in
the embodiment.

Fig. 6 1s a flowchart illustrating an operation of
the tilt control unit in the embodiment.

Fig. 7 is a side view in a second embodiment of the
present invention, which is equivalent to Fig. 2.

Fig. 8 is a front view in the embodiment, which is

equivalent to Fig. 3.
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Fig. 9 1is a hydraulic pressure circuit diagram
illustrating a configuration of a car Dbody tilting
mechanism in the embodiment.

Fig. 10 is a block diagram in the embodiment, which
is equivalent to Fig. 4.

Fig. 11 is a plan view in a third embodiment of the
present invention, which is equivalent to Fig. 1.

Fig. 12 is a side view in the embodiment, which is
equivalent to Fig. 2.

Fig. 13 is a front view in the embodiment, which is
equivalent to Fig. 3.

Fig. 14 is a block diagram in the embodiment, which
is equivalent to Fig. 9.

Fig. 15 1s a hydraulic pressure circuit diagram in
the embodiment, which is equivalent to Fig. 4.

Fig. 16 is a plan view in a fourth embodiment of the
present invention, which is equivalent to Fig. 1.

Fig. 17 is a side view in the embodiment, which is
equivalent to Fig. 2.

Fig. 18 is a front view in the embodiment, which is
equivalent to Fig. 3.

Fig. 19 is a front view in a fifth embodiment of the
present invention, which is equivalent to Fig. 3.

Fig. 20 is a block diagram in a sixth embodiment of

the present invention, which is equivalent to Fig. 4.



17

Fig. 21 is a block diagram in a seventh embodiment
of the present invention, which is equivalent to Fig. 4.

Fig. 22 1is a flowchart in the sixth embodiment of
the present invention, which is equivalent to Fig. 6.

Fig. 23 is a flowchart in the seventh embodiment of
the present invention, which is equivalent to Fig. 6.
Description of Embodiments

[0028]

Hereinafter, a guide-rail track vehicle 1 in a first
embodiment of the present invention will be described.

Figs. 1 to 3 illustrate the guide-rail track wvehicle
1 in the first embodiment. The guide-rail track wvehicle 1
in the first embodiment travels on a travel path 4 while
being guided by guide rails 3 which are so-called side
guide rails and are disposed respectively 1in the opposite
lateral side portions of a track 2.

[0029]

As i1llustrated in Figs. 1 to 3, the guide-rail track
vehicle 1 includes a car body 5 and a bogie 6.

The car body 5 (refer to Figs. 2 and 3) 1is formed in
a rectangular parallelepiped hollow shape which is long in
a longitudinal direction. The inner space of the car body
5 acts as a space for accommodating passengers.

[0030]

The bogies 6 can travel on the travel path 4, and



18

support bottoms of front and rear portions of the car body
5, respectively. The Dbogie 6 includes a pair of
travelling wheels 7; a steering device 8; a suspension
apparatus 9; a dampening apparatus 10; a car body tilting
mechanism 11; a detection unit 12; and a tilt control unit
13 (refer to Fig. 4). Since the only difference between
the bogies 6 is that one is disposed in the front portion
of the car body 5 and the other is disposed in the rear
portion of the car body 5, hereinbelow, only the bogie 6
disposed in the front portion will be described
(hereinafter, only the bogie 6 disposed in the front
portion will be described also 1in second to fifth
embodiments) .

[0031]

The pair of travelling wheels 7 is tired wheels with
rubber tires. The travelling wheels 7 are linked to a
drive apparatus 15 such as a gear box via an axle 14
extending inward in a vehicle lateral direction. A drive
force 1s transmitted from the drive apparatus 15 to the
travelling wheels 7 wvia the axle 14. The travelling
wheels 7 are supported in such a manner so as to be able
to swing about kingpins 16 disposed respectively 1in the
opposite lateral end portions of a bogie frame (not
illustrated) .

[0032]
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The steering device 8 1s an apparatus that is
configured to steer the travelling wheels 7 by using a
reaction force from the guide rails 3 when the guide-rail
track vehicle 1 travels on the track 2. As illustrated in
Fig. 1, the steering device 8 includes steering arms 17;
steering rods 18; and a guiding frame 19.

The steering arm 17 1is a member for allowing the
travelling wheel 7 to swing about the kingpin 16. The
steering arm 17 can swing along with the travelling wheel
7, and for example, is formed in such a manner as to
extend in a travel direction.

[0033]

The steering rod 18 1s a member for allowing the
transmission of force from the guiding frame 19 to the
steering arm 17. A lateral inner end portion of the
steering rod 18 is connected to a lateral center portion
of the guiding frame 19. A lateral outer end portion of
the steering rod 18 is connected to an end portion of the
steering arm 17. For example, the steering rod 18 is pin-
coupled to the guiding frame 19 and the steering arm 17 in
such a manner so as to be able to turn about an axial line
extending in a vertical direction.

[0034]

The guiding frame 19 is a member configured to

receive a reaction force from the guide rail 3, and to
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turn along the arced shape of a curved portion of the
track 2. The guiding frame 19 includes a pair of cross
beams 20; a pair of longitudinal beams 21; and a plurality
of guide wheels 22.

[0035]

One of the pailir of cross beams 20 is disposed 1in
front of the travelling wheels 7, and the other 1is
disposed behind the travelling wheels 7, and the pair of
cross beams 20 extends in the vehicle lateral direction.
The cross beam 20 is formed in such a manner that the
length of the cross beam 20 is slightly shorter than the
distance between the guide rails 3 in the vehicle lateral
direction. Each end portion of the cross beam 20 has a
guide wheel support portion 23.

[0036]

The pair of 1longitudinal beams 21 extends in the
travel direction, and the pair of cross beams 20 is joined
together in the travel direction via the pair of
longitudinal beams 21. The respective lateral center
portions of the cross beams 20 are connected to each other
via the longitudinal beams 21. A bearing support portion
24 (refer to Fig. 1) configured to support a bearing is
formed in a longitudinal center portion of each of the
pair of longitudinal beams 21. The longitudinal beams 21

are attached to bogie frames 26 (to be described later)
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via the bearing 25 supported by the bearing support
portions 24 in such a manner so as to be able to turn
about an axial line extending in the vertical direction.
The vertical direction referred to here is a direction
perpendicular to the travel path 4 of the track 2.

[0037]

The guiding frame 19 includes a guiding frame
coupling portion 27 to which the lateral inner end portion
of the steering rod 18 is connected. The guiding frame
coupling portion 27 1is disposed between the pair of
longitudinal beams 21, and is suspended between the cross
beam 20 and the bearing support portion 24. In Fig. 1,
reference sign 28" denotes a reinforcement member
provided between the longitudinal beam 21 and the cross
beam 20.

[0038]

The guide wheel 22 is a member which is in contact
with the guide rail 3 and through which a reaction force
applied inward in the vehicle lateral direction by the
guide rail 3 1is transmitted to the cross beam 20. The
guide wheel 22 1is attached to the guide wheel support
portion 23 of the cross beam 20 in such a manner so as to
be able to rotate about an axial line extending in the
vertical direction. The guide wheels 22 1in contact with

the guide rails 3 rotate when the guide-rail track wvehicle
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1 travels.

[0039]

When the guide-rail track vehicle 1 travels on the
curved portion of the track 2, in the steering device 8,
the cross beams 20 of the guiding frame 19 receive a
reaction force from the guide rails 3, and the guiding
frame 19 turns along the arc of the curved portion of the
guiding frame 19. Accordingly, the steering rods 18
attached to the guiding frame 19 push and pull the end
portions of the steering arms 17 in the same direction as
a turn direction of the guiding frame 19. As a result,
each of the steering arms 17 swings, and the travelling
wheel 7 swings about the kingpin 16 along with the
steering arm 17.

[0040]

The suspension apparatus 9 1s an apparatus that is
configured to transmit a drive force or a braking force
(hereinafter, simply referred to as “force in the travel
direction”) of the travelling wheel 7 to the car body 5
while allowing a vertical displacement of the travelling
wheel 7 relative to the car body 5. The suspension
apparatus 9 includes a pair of the bogie frames 26; a pair
of suspension frame 29; and a parallel link device 30.

[0041]

The pair of bogie frames 26 are members that are
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configured to transmit force in the travel direction to
the parallel 1link device 30, and to support the respective
bottoms of air springs 31 (to be described later) of the
dampening apparatus 10. The bogie frames 26 are disposed
while being separate from each other in the vehicle
lateral direction, and are formed in such a manner that
the axle 14 and an axle cover (not illustrated) are
interposed therebetween in the vertical direction.

[0042]

The force in the travel direction transmitted to the
pair of suspension frames 29 via the parallel link device
30 1is transmitted to the car body 5 wvia the pair of
suspension frames 29. As idllustrated in Fig. 2, the
suspension frame 29 is configured to include a car body
attachment/fixation portion 32 and a parallel 1link
receiving portion 33. The car body attachment/fixation
portion 32 is fixed to a car body underframe 35 using
tightening members (not i1llustrated) such as bolts, and
the car body underframe 35 is formed in such a manner so
as to extend along a vehicle floor surface 34 of the car
body 5 in a longitudinal direction of the car body.

[0043]

The parallel link receiving portion 33 is formed in
such a manner so as to extend vertically downward from an

inner end portion of the car body attachment/fixation
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portion 32 in the longitudinal direction of the car body.
The parallel link receiving portion 33 1is disposed inside
each of the pair of bogie frames 26 in the longitudinal
direction of the car body. The parallel 1link receiving
portions 33 are separate from each other in the wvehicle
lateral direction, similar to the bogie frame 26, and the
parallel 1link receiving portion 33 is disposed in such a
manner so as to overlap the bogie frame 26 when seen in
the travel direction. Here, the pair of bogie frames 26
are coupled together via bogie frames 39 (refer to Fig. 1),
each of which 1s configured to extend in the wvehicle
lateral direction.

[0044]

The parallel 1link device 30 transmits force in the
travel direction from the bogie frame 26 to the suspension
frame 29 while allowing the bogie frame 26 to be
vertically displaced relative to the suspension frame 29.
The parallel link device 30 connects the bogie frame 26 to
the suspension frame 29 while allowing the suspension
frame 29 to be tiltable relative to the bogie frame 26 in
the vehicle lateral direction. The parallel 1link device
30 includes pairs of upper and lower parallel 1links 36,
each of which 1is disposed while being separate from each
other in the vehicle lateral direction.

[0045]
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The parallel link 36 includes a pair of upper link
member 37 and lower link member 38. The upper link member
37 and the lower link member 38 are attached to the bogie
frame 26 and the suspension frame 29 while being in
parallel to each other and being suspended between the
bogie frame 26 and the suspension frame 29. More
specifically, the upper 1link member 37 is configured to
connect the bogie frame 26 to the suspension frame 29,
both of which are positioned above the axle 14, and the
lower 1link member 38 is configured to connect the bogie
frame 26 to the suspension frame 29, both of which are
positioned below the axle 14. End portions of each of the
upper 1link member 37 and the lower 1link member 38 are
coupled respectively to the bogie frame 26 and the
suspension frame 29 in such a manner that the upper link
member 37 and the lower link member 38 can swing relative
to the bogie frame 26 and the suspension frame 29 in the
vertical direction, and the upper link member 37 and the
lower 1link member 38 can swing laterally relative to one
of the bogie frame 26 and the suspension frame 29.

[0046]

The dampening apparatus 10 prevents vertical
vibration of the bogie 6 from being transmitted mainly to
the car Dbody 5. The dampening apparatus 10 in the

embodiment is configured as the air spring 31. At least a
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pair of the air springs 31 1is provided 1in one of the
bogies 6, and is disposed while being separate from each
other in the vehicle lateral direction. The air spring 31
is made of an elastic material such as rubber, inside
which compressed air can be stored. The air spring 31 is
disposed while being interposed between the bogie frame 26
and the car body 5. A height adjustment apparatus 40 is
connected to each of the air springs 31.

[0047]

The height adjustment apparatus 40 is an apparatus

that is configured to supply and discharge compressed air

to and from the air spring 31. The height adjustment
apparatus 40 includes a 1leveling valve 41; an air
reservoir (not illustrated), and a pipe (not illustrated)

for suctioning compressed air. The air reservoir referred
to here stores air that is compressed to a predetermined
pressure by a compressor (not illustrated) or the 1like.
The pipe forms a flow path between the air reservoir and
the air spring 31. For illustrative purposes, Fig. 1 does
not illustrate the leveling valve 41 and an adjustment
support bar 42 (to be described later).

[0048]

The leveling valve 41 1is a control valve which is
configured to adjust the internal pressure of the air

spring 31 in such a manner that the height of the air
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spring 31 1s 1in a predetermined range of height. The
height of the air spring 31 referred to here changes with
a change in the weight of the car body 5, for example, a
change in the number of passengers in the guide-rail track
vehicle 1. For this reason, a main object of the leveling
valve 41 is not to allow the car body 5 to be tilted by
setting the respective heights of the air springs 31 to be
equal, the air springs 31 being disposed respectively on
the opposite lateral sides.

[0049]

The leveling valve 41 opens and closes an air supply
path between the air spring 31 and the air reservoir, and
an air discharge path between the air spring 31 and the
outside. The leveling valve 41 is provided in each of the
alr springs 31. The leveling valve 41 is supported by the
car body 5 via the adjustment valve support bar (height
adjustment apparatus moving mechanism) 42 that has a bar
shape and extends in the wvehicle lateral direction. The
adjustment valve support bar 42 is formed in such a manner
that the length of the adjustment valve support bar 42 1is
much longer than the gap between the air springs 31
separate from each other in the wvehicle lateral direction.
A lateral center portion of the adjustment valve support
bar 42 is turnably supported by a bracket 43 (refer to Fig.

3) extending downward from the vehicle floor surface 34.
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[0050]

The leveling valve 41 includes a lever 44
(illustrated by a dotted line in Fig. 3) for opening and
closing the air supply path and the air discharge path.
For example, the lever 44 extends in the vehicle lateral
direction. An end portion of the lever 44 is connected to
the air spring 31 via an adjustment rod (automatic height
adjustment mechanism) 45 1n such a manner that a
relationship in a vertical position between the lever 44
and the bogie frame 26, the axle cover, or the 1like
disposed below the air spring 1is constantly maintained.
Here, when the height of one of the air springs 31 is
changed based on the assumption that a relative position
between the air spring 31 and the 1leveling valve 41
corresponding to the air spring 31 1is not changed, the
lever 44 is operated to swing by the adjustment rod 45.

[0051]

More specifically, when the length of the air spring
31 is shorter than a predetermined length, the leveling
valve 41 1is displaced vertically so as to approach the
bogie frame 26 or the like which is a member below a
spring. Accordingly, the adjustment rod 45 pushes the end
portion of the lever 44 relatively upward, the air supply
path is opened by the leveling valve 41, and compressed

air 1is supplied to the air spring 31. In contrast, when
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the length of the air spring 31 1is longer than the
predetermined length, the leveling valve 41 1is displaced
vertically so as to separate from the bogie frame 26 or
the like which is a member below a spring. Accordingly,
the adjustment rod 45 pulls the end portion of the lever
44 relatively downward, the air discharge path i1s opened
by the leveling valve 41, and compressed air is discharged
out of the air spring 31. That is, the automatic height
adjustment mechanism of the present invention is made up
of the leveling valve 41 and the adjustment rod 45. The
leveling wvalve 41 1i1s configured so as to open the air
supply path and close the air discharge path, or to open
the air discharge path and close the air supply path.

[0052]

The detection unit 12 detects the degree of turning
of the guiding frame 19. The detection unit 12 includes a
displacement sensor 46 and a link portion (link mechanism)
47, and is provided in each of the suspension frames 29
which are disposed while being separate from each other in
the vehicle lateral direction.

The 1link portion 47 converts a displacement of the
guiding frame 19 in the turn direction into a linear
displacement, more specifically, a vertical displacement,
and transmits the converted displacement to the

displacement sensor 46.
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[0053]

As i1llustrated in Fig. 3, the 1link portion 47
includes a horizontal rod 48; a horizontal detection 1link
49; and a vertical rod 50.

The horizontal rod 48 is disposed so as to extend in
the wvehicle lateral direction in a region above the cross
beam 20 of the guiding frame 19 when the guide-rail track
vehicle 1 travels on a linear portion of the track 2
(hereinafter, simply referred to as linear travel). A
lateral outer end portion of the horizontal rod 48 is
coupled to the cross beam 20 of the guiding frame 19.
Accordingly, the horizontal rod 48 is configured to be
able to swing relative to the cross beam 20. A lateral
inner end portion of the horizontal rod 48 is coupled to a
lower end portion of the horizontal detection 1link 49.
That is, the horizontal rod 48 1is also configured to be
able to swing relative to the horizontal detection link 49.

[0054]

The horizontal detection link 49 is supported by the
suspension frame 29 in such a manner so as to be able to
turn about an axial 1line extending in the longitudinal
direction of the car body. The horizontal detection link
49 includes a first arm portion 51 configured to extend
downward from a turning center during linear travel, and a

second arm portion 52 configured to extend outward in the
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vehicle lateral direction from the turning center during
linear travel. That 1is, the first arm portion 51 and the
second arm portion 52 of the horizontal detection link 49
form an L shape, and the horizontal detection 1link 49
converts a displacement of an end portion of the first arm
portion 51 in the vehicle 1lateral direction into a
vertical displacement of an end portion of the second arm
portion 52. The lateral inner end portion of the
horizontal rod 48 1is swingably coupled to a lower end
portion of the first arm portion 51.

[0055]

The vertical rod 50 transmits a vertical
displacement of an end portion of the second arm portion
52 to the displacement sensor 46. The vertical rod 50 is
formed in the shape of a bar extending in the vertical
direction. A lower end portion of the wvertical rod 50 1is
swingably coupled to an end portion of the second arm
portion 52, and an upper end portion of the wvertical rod
50 is connected to the displacement sensor 46. Here, the
horizontal detection link 49 and the vertical rod 50 are
preferably coupled together in such a manner so as to be
able to swing relative to each other 1in the vehicle
lateral direction, and for example, the horizontal
detection link 49 and the vertical rod 50 can be coupled

together via a pin extending in the longitudinal direction
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of the car body, or via a universal joint. The horizontal
rod 48 1is coupled to the horizontal detection 1link 49
using a universal Jjoint such as a ball joint so as to
allow the guiding frame 19 to be displaced relative to the
horizontal detection link 49 in the longitudinal direction
of the car body.

[0056]

The displacement sensor 46 is a sensor configured to
detect the amount of wvertical displacement of the wvertical
rod 50. For example, the displacement sensor 46 is fixed
to the wvehicle floor surface 34 of the car body 5, the
suspension frame 29 attached to the car body 5, or the
like, and thereby the displacement sensor 46 1is not
displaced vertically relative to the car body 5.

[0057]

The amount of wvertical displacement of the wvertical
rod 50 referred to here changes with the degree of turning
of the guiding frame 19, and for example, increases to the
extent that the curvature of the track 2 is increased. 1In
other words, the degree of turning of the guiding frame 19
increases to the extent that the curvature radius of the
track 2 1s decreased. That is, 1t 1is possible to obtain
the degree of turning of the guiding frame 19 based on a
pre-set relationship between the degree of turning and the

curvature, and the amount of displacement obtained by the
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displacement sensor 46. Information regarding a detection
result from the displacement sensor 46 is input to the
tilt control unit 13.

[0058]

The car body tilting mechanism 11 1is an apparatus
that is configured to tilt the car body 5 relative to the
bogie 6 in the vehicle lateral direction. The car body
tilting mechanism 11 includes a tilt drive unit 53 and the
adjustment valve support bar 42.

The tilt drive unit 53 generates power to tilt the
car body 5 Dbased on the detection result from the
detection unit 12. For example, the tilt drive unit 53
includes an expandable and contractible actuator 54 as a
power source.

[0059]

The actuator 54 is attached to the bogie frame 26
and the adjustment valve support bar 42 while being
suspended therebetween, and is disposed outside a turning
center of the adjustment wvalve support bar 42 1in the
vehicle lateral direction. The actuator 54 can tilt the
adjustment valve support bar 42 by displacing a vertical
gap between attachment positions of the actuator 54
relative to the bogie frame 26 and the adjustment wvalve
support bar 42.

[0060]
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The actuator 54 expands and contracts between a
linear position and a leftward tilting position, or
between the linear position and a rightward tilting
position. When the actuator 54 takes the linear position,
the adjustment wvalve support bar 42 is held in a state
where the adjustment valve support bar 42 extends in the
vehicle lateral direction. When the actuator 54 takes the
leftward tilting position, the adjustment wvalve support
bar 42 is tilted leftward of the linear position in the
vehicle lateral direction. When the actuator 54 takes the
rightward tilting position, the adjustment wvalve support
bar 42 is tilted rightward of the linear position in the
vehicle lateral direction.

[0061]

It is possible to wuse various linear motion
mechanisms as the actuator 54. The linear motion
mechanism can be configured as a cylinder using working
fluid, a ball screw operated by the driving of a motor, a
rack and pinion, and the like.

[0062]

The tilt control unit 13 controls the driving of the
tilt drive unit 53 of the car body tilting mechanism 11
based on the detection result from the detection unit 12.

As illustrated in Fig. 4, the tilt control unit 13

includes a running condition acquisition wunit 55; a
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curvature radius calculation unit 56; a normal
acceleration calculation wunit 57; and a tilt angle
calculation unit 58.

[0063]

The running condition acquisition unit 55 acquires
vehicle speed information as a running condition from a
speed detection unit 59 such as a speed generator.

The curvature radius calculation unit 56 calculates
the curvature radius of the track 2 from the degree of
turning of the guiding frame 19, which is detected by the
detection wunit 12. As 1illustrated in Fig. 5, if a
wheelbase of the guide-rail track wvehicle 1 and the
curvature radius are supposed to be “L” (m) and “R” (m),
respectively, the degree “0” (deg) of turning of the
guiding frame can be represented by Expression (1).

0 = sin™' (L/2)/R) ... (1)

[0064]

The wheelbase “L” referred to here is pre-determined
for each of the guide-rail track wvehicles 1, and in the
embodiment, the wheelbase “L” is the distance between a
turning center of the guiding frame 19 of the front bogie
6 and a turning center of the guiding frame 19 of the rear
bogie 6.

Accordingly, the curvature —radius “R” can Dbe

obtained using Expression (2) written below.
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R = (L/2) / Sin® ... (2)

[0065]

The normal acceleration calculation unit 57
calculates normal lateral acceleration applied to

passengers in the vehicle based on the vehicle speed and
the curvature radius. Here, if the vehicle speed of the
guide-rail track wvehicle 1 when rounding a curve 1is
supposed to be “W” (km/h), 1t 1is possible to obtain
unbalanced centrifugal acceleration “os” (G) using
Expression (3) written below.

as = (V) / (127R) ... (3)

[0066]

If a tilt angle of the car body 5, which is tilted
toward an outer rail by a spring system of the dampening
apparatus 10 of the guide-rail track vehicle 1 due to the
unbalanced centrifugal acceleration when the wvehicle
rounds the curve, is “k” (rad), normal lateral
acceleration “op” (G) applied to the passengers when the
vehicle rounds the curve can be obtained using Expression
(4) written Dbelow. The normal lateral acceleration
obtained using Expression (4) is normal lateral
acceleration applied to the passengers when the car body 5
is not tilted toward an inner rail by the car body tilting
mechanism 11.

op = os + k ... (4)
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[0067]

The tilt angle calculation unit 58 calculates the
lateral tilt angle of the car body 5 based on the normal
lateral acceleration. In other words, the tilt angle
calculation unit 58 calculates a tilt angle of the car
body 5 required to counteract the normal lateral
acceleration applied to the passengers. The tilt control
unit 13 controls the driving of the tilt drive unit 53
based on the tilt angle calculated by the tilt angle
calculation unit 58.

[0068]

Typically, the normal lateral acceleration to cause
the passengers to become uncomfortable is 0.08 (G) or
greater. An ideal value of the normal lateral
acceleration is “0”; however, a target value of the normal
lateral acceleration 1is set to be in a range of 0.00 (G)
to 0.02 (G) when an error or the like in the calculation
result is taken into consideration. An optimal tilt angle
“£” (rad) of the car body 5 tilted toward the inner rail
when the wvehicle rounds a curve can be represented by
Expression (5) written below.

E - op = 0.0 - 0.02

E=o0op + (0.0 - 0.02) ... (5)

[0069]

A description given Thereinafter relates to an
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operation of the car body tilting mechanism 11 when the
guide-rail track vehicle 1 travels on a curved portion of
the track 2.

First, when the guide-rail track wvehicle 1 enters
the curved portion, the tilt control unit 13 performs a
tilt control step of obtaining a tilt angle of the car
body 5 based on detection results from a pair of the
displacement sensors 46.

[0070]

More specifically, first, the speed detection unit
59 detects a vehicle speed, and the displacement sensor 46
detects the degree of turning of the guiding frame 19
(detection step). Subsequently, as i1llustrated in Fig. 6,
the tilt control wunit 13 acquires the vehicle speed
detected by the speed detection unit 59 from the running
condition acquisition unit 55 (step S0l1: running condition
acqguisition step). In parallel with the running condition
acqguisition step, the tilt control unit 13 acquires the
degree of turning of the guiding frame 19 detected by the
displacement sensor 46 from the curvature radius
calculation unit 56 (step S02).

Subsequently, the tilt control unit 13 calculates
the curvature radius of the track 2 from the degree of
turning of the guiding frame 19 using the curvature radius

calculation unit 56 (step S03: curvature radius
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calculation step).

The tilt control wunit 13 obtains normal lateral
acceleration applied to passengers in the wvehicle
calculated by the normal acceleration calculation unit 57
based on information regarding the vehicle speed and the
curvature radius (step S04 : normal acceleration
calculation step).

[0071]

Subsequently, the tilt control unit 13 obtains the
lateral tilt angle of the car body 5 calculated by the
tilt angle calculation unit 58 based on the normal lateral
acceleration obtained by the normal acceleration
calculation wunit 57 (step S05: tilt angle calculation
step) .

The tilt control unit 13 controls the driving of the
tilt drive unit 53 such that the tilt angle is equal to
the calculated tilt angle (step S06).

[0072]

The tilt control unit 13 tilts the adjustment wvalve
support bar 42 toward a curved inner rail by displacing
the actuator 54 of the tilt drive unit 53 from the linear
position to the leftward tilting position or the rightward
tilting position. At this time, the tilt control unit 13
controls the driving of the actuator 54 of the tilt drive

unit 53 such that the adjustment wvalve support bar 42 1is
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tilted at the tilt angle calculated by the tilt angle
calculation unit 58. Accordingly, the vertical gap
between the opposite end portions of the adjustment valve
support bar 42 and a member below a spring such as the
bogie frame 26 is changed. For this reason, the lever 44
of the leveling valve 41 1is operated corresponding to the
degree and the orientation of tilting of the adjustment
valve support bar 42 by the adjustment rod 45. One of the
leveling valves 41 positioned close to one of the opposite
end portions of the adjustment valve support bar 42 is
operated to supply air, the one being disposed relatively
above the other end portion, and the other leveling valve
41, which 1s positioned close to the other end portion
disposed relatively below the one end portion, 1is operated
to discharge air. As a result, this operation causes a
difference in height between the air springs 31 which are
disposed while being separate from each other in the
vehicle lateral direction, the car body 5 i1s tilted toward
the inner rail to the extent of the difference in height.

[0073]

Accordingly, in the guide-rail track wvehicle 1 of
the first embodiment, when the guiding frame 19 turns due
to a reaction force from the guide rail 3, it is possible
to detect the degree of turning using the detection unit

12. In addition, it is possible to tilt the car body 5 in
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the vehicle lateral direction by allowing the tilt control
unit 13 to control the driving of the actuator 54 based on
the degree of turning of the guiding frame 19. As a
result, 1t 1s possible to more reliably prevent ride
qgquality from deteriorating when the guide-rail track
vehicle 1 travels on a curved portion of the track 2
without increasing rolling rigidity or excessively
increasing the size of the bogie 6.

[0074]

In order to turn the travelling wheels 7, the degree
of turning of the guiding frame 19 detected by the
detection wunit 12 can be converted into a vertical
displacement of the wvertical rod 50, and the converted
vertical displacement can be detected by the displacement
sensor 46. As a result, with a simple configuration, it
is possible to detect the entry of the guide-rail track
vehicle 1 1into the curve portion while preventing an
increase in the number of components.

The tilt control unit 13 controls the driving of the
actuator 54 of the tilt drive unit 53 such that the tilt
angle of the adjustment wvalve support bar 42 is changed,
and thereby, it is possible to change the height position
of the leveling valve 41 of each of the air springs 31
which are disposed while being separate from each other in

the wvehicle 1lateral direction. For this reason, 1t 1s
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possible to set the respective lengths of the air springs
31 to be different from each other by effectively
utilizing the height adjustment mechanism of each of the
alr springs 31 for maintaining the height of the car body
5 to be constant, the air springs 31 being disposed while
being separate from each other in the wvehicle lateral
direction. As a result, it is possible to easily tilt the
car body 5 by controlling the driving of only one of the
actuators 54.

[0075]

Subsequently, a guide-rail track vehicle in a second
embodiment of the present invention will be described.
Since the configuration of a car body tilting mechanism is
the only difference between the guide-rail track wvehicle
in the second embodiment and the guide-rail track wvehicle
1 in the first embodiment, a description will be given
with the same reference signs assigned to the same parts.

[0076]

As idillustrated in Figs. 7 and 8, the guide-rail
track vehicle in the second embodiment includes the car
body 5 and the bogie 6. The bogie 6 includes the
travelling wheels 7; the steering device 8; the suspension
apparatus 9; the dampening apparatus 10; a car body
tilting mechanism 211; a detection unit 12; and a tilt

control unit 213. Since each of the travelling wheel 7,
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the steering device 8, the suspension apparatus 9, the
dampening apparatus 10, the detection unit 12, and the
tilt control unit 213 has the same configuration as that
in the first embodiment, a detailed description thereof
will be omitted. For illustrative purposes, Figs. 7 and 8
do not i1llustrate the leveling valve 41 and the adjustment
rod 45 which are configured to automatically adjust the
height of the car body 5.

[0077]

Similar to the first embodiment, the detection unit
12 1includes the displacement sensor 46 and the 1link
portion 47, and detects the degree of turning of the
guiding frame 19 after the degree of turning is converted
into the amount of linear displacement of the vertical rod
50. The detection unit 12 1is provided in each of the
suspension frames 29 which are disposed while being
separate from each other in the wvehicle lateral direction.
A detection result from the displacement sensor 46 1is
input to the tilt control unit 213.

[0078]

As illustrated in Fig. 9, the dampening apparatus 10
in the second embodiment is configured as the air spring
31 similar to the first embodiment. The height adjustment
apparatus 40 is connected to the air spring 31. The

height adjustment apparatus 40 includes the leveling wvalve
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41; the air reservoir (not illustrated), and a pipe 62 for
suctioning compressed air.

[0079]

The car body tilting mechanism 211 tilts the car
body 5 relative to the bogie 6 in the vehicle lateral
direction. The car body tilting mechanism 211 includes a
tilt angle controlling apparatus 60 and a tilt adjustment
apparatus 61. The tilt angle controlling apparatus 60
adjusts the height of the air spring 31 while bypassing
the leveling valve 41 operated by the adjustment rod 45.
The tilt adjustment apparatus 61 restricts (prevents) the
leveling valve 41 from adjusting the height of the air
spring 31 when the tilt angle controlling apparatus 60
adjusts the height of the air spring 31.

[0080]

The tilt angle controlling apparatus 60 includes a
first 3-way electromagnetic switching wvalve 63; a bypass
pipe 65; and a second 3-way electromagnetic switching
valve 64. The first 3-way electromagnetic switching wvalve
63 and the second 3-way electromagnetic switching valve 64
are control valves configured to perform an opening and
closing operation based on a control command from the tilt
control wunit 213. The tilt adjustment apparatus 61 is
made up of the first 3-way electromagnetic switching valve

63 and the second 3-way electromagnetic switching valve 64.
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[0081]

The first 3-way electromagnetic switching valve 63
can switch pipe communication between a state in which a
pipe 66 communicating with the air reservoir communicates
with a pipe 62 connected to the leveling wvalve 41, and a
state in which the pipe 66 communicates with the bypass
pipe 65.

[0082]

The second 3-way electromagnetic switching valve 64
can switch pipe communication between a state in which a
pipe 69 connected to the air spring 31 communicates with a
pipe 68 connected to the leveling valve 41, and a state in
which the pipe 69 communicates with the bypass pipe 65.
The second 3-way electromagnetic switching wvalve 64 can
discharge compressed air inside the air spring 31. A
pressure sensor 70 1is attached to each of the pipes 69,
and detects an internal compressed air pressure of the air
spring 31. A detection result from the pressure sensor 70
is transmitted to the tilt control unit 213.

[0083]

A differential pressure valve 71 1is attached to a
pipe between two pipes 68. The differential pressure
valve 71 allows the two pipes 68 to communicate with each
other when an internal pressure difference between two air

springs 31 separate from each other in the wvehicle lateral
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direction exceeds a predetermined pressure difference.
For example, when either one of the two air springs 31 is
flat, the differential pressure valve 71 1s operated to
adjust internal pressure values of the two air springs 31
to approach each other. Accordingly, it 1s possible to
prevent the wheels from coming off the guide-rail track
vehicle at an occurrence of the flat air spring 31.

[0084]

As illustrated in Fig. 10, the tilt control unit 213
controls a tilt angle of the car body 5 via the car body
tilting mechanism 211. More specifically, the tilt
control unit 213 adjusts the height of the air spring 31
by controlling the driving of the tilt angle controlling
apparatus 60 based on the detection result from the
detection unit 12. At this time, the tilt control unit
213 deactivates an automatic height adjustment of the air
spring 31 which is performed by the leveling valve 41, and
adjusts the height of the air spring 31 using the tilt
adjustment apparatus 61. A flow rate of compressed air
which can flow through the tilt angle controlling
apparatus 60 is set to be higher than that of compressed
air which can flow through the 1leveling wvalve 41, and
thereby, it 1is possible to enable rapid air intake and
discharge.

[0085]
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Similar to the tilt control wunit 13 in the first
embodiment, the tilt control unit 213 includes the running
condition acquisition unit 55; the curvature radius
calculation unit 56; the normal acceleration calculation
unit 57; and the tilt angle calculation unit 58. The car
body tilting mechanism 211 obtains a target pressure value
of each of the air springs 31 based on a calculation
result from the tilt angle calculation wunit 58, for
example, based on expressions, tables, and maps. The tilt
control unit 213 controls a flow rate of compressed air
via the second 3-way electromagnetic switching wvalve 64
such that the pressure of the air spring 31 becomes a
target pressure.

[0086]

Accordingly, during a normal operation of the guide-
rail track wvehicle of the second embodiment, it is
possible to automatically control the height of the air
spring 31 using the leveling valve 41 and the adjustment
rod 45 such that the car body 5 is not brought into a
tilted state. In contrast, in order to tilt the car body
5, it 1is possible to individually adjust the height of
each of the air springs 31 using the bypass pipe 65 and
the second 3-way electromagnetic switching valve 64.

[0087]

Since the height of each of the air springs 31 is
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adjusted by the bypass pipe 65 and the second 3-way
electromagnetic switching valve 64 in a state where the
leveling valve 41 is restricted from adjusting the height
of the air spring 31, an operation of the leveling valve
41 can be prevented from disturbing the tilting of the car
body 5. Accordingly, the respective heights of the air
springs 31 are set to be different from each other, and
thus the car body 5 1is tilted. As a result, 1t 1is
possible to more reliably prevent ride quality from
deteriorating when the guide-rail track vehicle travels on
a curved portion of the track 2.

[0088]

In addition, in the guide-rail track vehicle of the
second embodiment, a flow rate of compressed air supplied
to the air spring 31 via the bypass pipe 65 and the second
3-way electromagnetic switching valve 64 (the tilt angle
controlling apparatus 60) can be set to be higher than
that of compressed air supplied to the air spring 31 via
the pipe 62, the leveling valve 41 and the pipe 68. For
this reason, the car body 5 can be rapidly tilted, and
deterioration in ride quality associated with a delay in
tilt timing can be prevented.

[0089]

Subsequently, a guide-rail track wvehicle in a third

embodiment will be described. Since part of a car body
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tilting mechanism 1s the only difference between the
respective guide-rail track vehicles of the second
embodiment and the third embodiment, a description will be
given with the same reference signs assigned to the same
parts.

[0090]

As idillustrated in Figs. 11 to 13, the guide-rail
track vehicle in the third embodiment includes the car
body 5 and the bogie 6. The bogie 6 includes the
travelling wheels 7; the steering device 8; the suspension
apparatus 9; the dampening apparatus 10; a car body
tilting mechanism 311; a detection unit 12; and a tilt
control unit 313 (refer to Fig. 15). Since each of the
travelling wheel 7, the steering device 8, the suspension
apparatus 9, the dampening apparatus 10, the detection
unit 12, and the tilt control wunit 313 has the same
configuration as that in the first embodiment, a detailed
description thereof will be omitted. For illustrative
purposes, Figs. 11 to 13 do not illustrate the leveling
valve 41 and the adjustment rod 45 which are configured to
automatically adjust the height of the car body 5.

[0091]

Similar to the first embodiment, the detection unit
12 includes the displacement sensor 46 and the 1link

portion 47, and detects the degree of turning of the
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guiding frame 19 after the degree of turning i1s converted
into the amount of linear displacement of the vertical rod
50. The detection unit 12 1is provided in each of the
suspension frames 29 which are disposed while being
separate from each other in the wvehicle lateral direction.
A detection result from the displacement sensor 46 1is
input to the tilt control unit 313.

[0092]

The car body tilting mechanism 311 includes a car
body 1lifting up and down apparatus 74 and the tilt
adjustment apparatus 61 (refer to Fig. 14).

The car body 1lifting wup and down apparatus 74
supports the bottom of the air spring 31 of the dampening
apparatus 10 in such a manner that the air spring 31 can
move in the vertical direction. The car body lifting up
and down apparatus 74 includes an actuator 75. The
actuator 75 includes a linear motion mechanism that is
expandable and contractable in the vertical direction.
The actuator 75 is interposed between an upper surface of
the bogie frame 26 and a lower surface of the air spring
31, and can change the distance between the bogie frame 26
and the air spring 31. For example, the actuator 75 can
be configured as a cylinder or the like that is driven by
a fluid pressure or the like.

[0093]
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As 1llustrated 1in Fig. 14, the tilt adjustment
apparatus 61 includes a first electromagnetic switching
valve 76 and a second electromagnetic switching valve 77.

The first electromagnetic switching wvalve 76 1is
provided in the middle of the pipe 66 through which the
alir reservoir (not illustrated) is connected to the
leveling valve 41. The tilt control unit 313 controls the
first electromagnetic switching wvalve 76 to be able to
switch between a shut-off state and an open state of the
flow path of the pipe 66.

[0094]

The second electromagnetic switching wvalve 77 1is
provided in the middle of the pipe 68 through which the
leveling wvalve 41 1is connected to the air spring 31.
Similar to the first electromagnetic switching wvalve 76,
the tilt control unit 313 controls the second
electromagnetic switching wvalve 77 to be able to switch
between a shut-off state and an open state of the flow
path of the pipe 68. Each of the first electromagnetic
switching wvalve 76 and the second electromagnetic
switching valve 77 referred to here can be configured as a
2-way electromagnetic switching valve, an electromagnetic
shutoff wvalve, or the 1like. Similar to the first
embodiment, the differential pressure valve 71 is attached

to a pipe between two pipes 68.
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[0095]

As illustrated in Fig. 15, similar to the tilt
control unit 13 in the first embodiment, the tilt control
unit 313 includes the running condition acquisition unit
55; the curvature radius calculation unit 56; the normal
acceleration calculation wunit b57; and the tilt angle
calculation unit 58. The car body tilting mechanism 311
controls expansion and contraction of the actuator 75 of
each of the car body 1lifting up and down apparatus 74
based on a detection result from the tilt angle
calculation wunit 58, for example, based on expressions,
tables, and maps, 1in such a manner that the detection
result from the tilt angle calculation unit 58 coincides
with the tilt angle of the car body 5.

[0096]

Accordingly, similar to the guide-rail track wvehicle
in the second embodiment, during a normal operation of the
guide-rail track vehicle of the third embodiment, it 1is
possible to automatically control the height of the air
spring 31 using the leveling valve 41 and the adjustment
rod 45 such that the car body 5 is not brought into a
tilted state. In contrast, in order to tilt the car body
5, it 1s possible to change a vertical support position in
which the actuator 75 supports the bottom of the air

spring 31 in a state where the leveling wvalve 41 is
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restricted from adjusting the height of the air spring 31.
Accordingly, it is possible to adjust the height position
of the car body 5 relative to the bogie frame 26 similar
to when the height of each of the air springs 31 1is
individually adjusted. Accordingly, the heights of the
end portions of the car body 5 1in the vehicle 1lateral
direction are set to be different from each other, and
thus the car body 5 1is tilted. As a result, 1t 1is
possible to more reliably prevent ride quality from
deteriorating when the guide-rail track vehicle travels on
a curved portion of the track.

[0097]

Subsequently, a guide-rail track vehicle in a fourth
embodiment of the present invention will be described.
Since the configuration of a car body tilting mechanism is
the only difference between the guide-rail track vehicle 1
of the third embodiment and the guide-rail track wvehicle 1
of the fourth embodiment, referring to Fig. 15, a
description will be given with the same reference signs
assigned to the same parts.

[0098]

As illustrated in Figs. 16 and 18, the guide-rail
track wvehicle in the fourth embodiment includes the car
body 5 and the bogie 6. The bogie 6 includes the

travelling wheels 7; the steering device 8; the suspension
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apparatus 9; the dampening apparatus 10; a car body

tilting mechanism 411; a detection unit 12; the tilt

control unit 313 (refer to Fig. 15); and an anti-rolling
apparatus 80. Since each of the travelling wheel 7, the
steering device 8, the suspension apparatus 9, the

dampening apparatus 10, the detection unit 12, and the
tilt control unit 313 has the same configuration as that
in the third embodiment, a detailed description thereof
will be omitted. For illustrative purposes, Figs. 16 to
18 do not i1llustrate the 1leveling wvalve 41 and the
adjustment rod 45 which are configured to automatically
adjust the height of the car body 5.

[0099]

Similar to the first embodiment, the detection unit
12 1includes the displacement sensor 46 and the 1link
portion 47, and detects the degree of turning of the
guiding frame 19 after the degree of turning is converted
into the amount of linear displacement of the vertical rod
50. The detection unit 12 is provided in each of the
suspension frames 29 which are disposed while being
separate from each other in the wvehicle lateral direction.
A detection result from the displacement sensor 46 1is
input to the tilt control unit 313.

[0100]

The anti-rolling apparatus 80 has a torsion bar 81
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extending 1in the wvehicle lateral direction. The anti-
rolling apparatus 80 restricts the tilting of the car body
5, in other words, a displacement in a rolling direction
using a restoring force of the torsion bar 81 in a
torsional direction. The opposite end portions of the
torsion bar 81 are rotatably supported respectively by
torsion bar rotation support bearing portions 82 attached
to the car body 5. Each of the opposite end portions of
the torsion bar 81 1is provided with an arm portion 83
(refer to Fig. 17) extending in the longitudinal direction
of the car body. An adjustment rod 84 extending downward
is swingably attached to an end portion of the arm portion
83. A lower end portion of the adjustment rod 84 1is
swingably attached to an adjustment rod lower receiving
portion 85 wvia an actuator 87 (to be described later).
The adjustment rod lower receiving portion 85 is formed in
such a manner so as to extend forward from the bogie frame
26 in the longitudinal direction of the car body.

[0101]

The car body tilting mechanism 411 includes a rod
expansion and contraction apparatus 86 and the tilt
adjustment apparatus 61. The rod expansion and
contraction apparatus 86 has an actuator 87.

The actuator 87 displaces a neutral position of the

adjustment rod 84, 1in which a restoring force in the
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torsional direction does not occur. Specifically, the
actuator 87 1is configured as a linear motion mechanism
that 1s expandable and contractable in the vertical
direction, and can change the distance between the end
portion of the arm portion 83 and an end portion of the
adjustment rod lower receiving portion 85.

[0102]

For example, when the car body 5 is displaced in the
rolling direction in a state where the actuators 87 are in
a non-operative state, an end portion of the arm portion
83, which is displaced downward due to the rolling of the
car body 5, is lifted upward relative to the torsion bar
81 by the adjustment rod 84. Accordingly, the torsion bar
81 1is twisted, a restoring force of the torsion bar 81
causes the end portion of the arm portion 83 to return
downward relative to the torsion bar 81, and the end
portion of the torsion bar 81 is displaced upward. That
is, since the car body 5 is pressed upward by the torsion
bar rotation support bearing portion 82 disposed close to
the end portion of the torsion bar 81, the car body 5 is
restricted from being tilted 1in the wvehicle 1lateral
direction.

[0103]

For example, when the actuator 87 1is operated in

such a manner so as to increase the distance between the
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end portion of either one of the arm portions 83 in the
vehicle lateral direction and the end portion of the
associated adjustment rod lower receiving portion 85, the
arm portion 83 swings upward. Accordingly, the torsion
bar 81 1is twisted, and a restoring force of the torsion
bar 81 causes one lateral side of the torsion bar 81 to be
displaced upward. At this time, the restoring force of
the torsion bar 81 causes a compression force to be
applied to one of the pair of air springs 31 which are
disposed while being separate from each other in the
vehicle lateral direction, and an expansion force to be
applied to the other air spring 31. The air springs 31
are elastically deformed due to these forces, and the car
body 5 is tilted in the vehicle lateral direction.

[0104]

The tilt control unit 313 in the fourth embodiment
is similar to that of the third embodiment in that the car
body 5 is tilted by vertical expansion and contraction of
a pair of the actuators 87 which are disposed while being
separate from each other in the vehicle lateral direction.
That is, since only the control target of the tilt control
unit 313 in the fourth embodiment is changed from the “car
body lifting up and down apparatus 74” illustrated in Fig.
15 to the “rod expansion and contraction apparatus 86", a

detailed description thereof will not be given herein.
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[0105]

Accordingly, similar to the third embodiment, during
a normal operation of the guide-rail track wvehicle of the
fourth embodiment, it is possible to automatically control
the height of the air spring 31 using the leveling valve
41 and the adjustment rod 45 such that the car body 5 is
not brought into a tilted state. [0n contrast, in order to
tilt the car body 5, it is possible to change the neutral
position of the torsion bar 81 by allowing the actuator 87
to twist the torsion bar 81 in a state where the leveling
valve 41 is restricted from adjusting the height of the
air spring 31. Accordingly, similar to when the height of
each of the air springs 31 is individually adjusted, it is
possible to adjust the height position of the car body 5
relative to the bogie frame 26. [In addition, the heights
of the end portions of the car body 5 1in the wvehicle
lateral direction are set to be different from each other,
and thus the car body 5 1is tilted. As a result, it 1is
possible to more reliably prevent ride 0Ouality from
deteriorating when the guide-rail track vehicle travels on
a curved portion of the track.

[0106]

Subselluently, a guide-rail track vehicle in a fifth
embodiment of the present invention will be described.

Since part of a car body tilting mechanism is the only
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difference between the respective guide-rail track
vehicles of the third embodiment and the fifth embodiment,
a description will be given with the same reference
assigned to the same parts.

[0107]

As illustrated 1in Fig. 19, the guide-rail track
vehicle in the fifth embodiment includes the car body 5
and the bogie 6. The bogie 6 includes the travelling
wheels 7; the steering device 8; the suspension apparatus
9; the dampening apparatus 10; a car body tilting
mechanism 511; a detection unit 12; and a tilt control
unit 313. Since each of the travelling wheel 7, the
steering device 8, the suspension apparatus 9, the
dampening apparatus 10, the detection unit 12, and the
tilt control unit 313 has the same configuration as that
in the third embodiment, a detailed description thereof
will be omitted. For illustrative purposes, Fig. 19 does
not illustrate the 1leveling valve 41 and the adjustment
rod 45 which are configured to automatically adjust the
height of the car body 5.

[0108]

Similar to the first embodiment, the detection unit
12 1includes the displacement sensor 46 and the 1link
portion 47, and detects the degree of turning of the

guiding frame 19 after the degree of turning is converted



60

into the amount of linear displacement of the vertical rod
50. The detection unit 12 is provided in each of the
suspension frames 29 which are disposed while being
separate from each other in the vehicle lateral direction.
A detection result from the displacement sensor 46 1is
input to the tilt control unit 313.

[0109]

The car Dbody tilting mechanism 511 includes a
right/left stopper 90 and a car body tilting drive
apparatus 91.

The right/left stopper 90 is disposed in a lateral
center portion of a floor portion of the car body 5, and
restricts the car body 5 from being slid relative to the
bogie 6 in the vehicle lateral direction while allowing
the car body 5 to be tilted relative to the bogie 6 in the
vehicle 1lateral direction. The right/left stopper 90
includes a suspension-frame cross beam 92; a stopper
receiver 93; a stopper rubber attachment receiver 94; and
stopper rubbers 95.

[0110]

The suspension-frame cross beam 92 is a flat plate-
like member that is disposed while being suspended between
the respective upper surfaces of the air springs 31. The
stopper receiver 93 forms a pair of support surfaces which

extends downward vertically from a lower surface of the
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suspension-frame cross beam 92 and faces each other.

The stopper rubber attachment receiver 94 is
disposed between the support surfaces of the stopper
receiver 93 in the vehicle lateral direction, and is fixed
to a structure below a spring such as the bogie frame 26
or the gear box (not illustrated).

The stopper rubbers 95 are respectively attached to
lateral outer surfaces of the stopper zrubber attachment
receiver 94, and each of the stopper rubbers 95 is
disposed with a slight gap between the stopper receiver 93
and the stopper zrubber 95. The stopper rubber 95 is
preferably made of a material such as rubber or resin
softer than the stopper receiver 93.

[0111]

The car body tilting drive apparatus 91 applies
force to the suspension frame 29 in the vehicle lateral
direction. The car body tilting drive apparatus 91
includes a pair of actuators 96 and a turning bearing
support portion 97.

The actuator 96 can expand and contract in the
vehicle lateral direction based on a control command from
the tilt control unit 313. A lateral outer end portion of
the actuator 96 1is coupled to a lower portion of the
suspension frame 29. In contrast, a lateral inner end

portion of the actuator 96 1is supported by the turning
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bearing support portion 97.

The turning bearing support portion 97 is disposed
while Dbeing suspended between the respective lower
portions of the bogie frames 26, and is formed in such a
manner so as to extend in the travel direction (a
direction perpendicular to the sheet of Fig. 11).

[0112]

That 1s, when one of the pair of actuators 96
expands, and the other actuator 96 <contracts, the
suspension frame 29 slides toward the other actuator 96 in
the wvehicle lateral direction. The stopper rubber 95
comes into contact with the stopper receiver 93. The
suspension-frame cross beam 92 tilts about a tilt center
(tilt fulcrum) at which the stopper rubber 95 comes into
contact with the stopper receiver 93. Accordingly, one of
the pair of air springs 31 disposed close to one of the
actuators 96 1is expanded, and the other air spring 31
disposed close to the other actuator 96 is compressed. As
a result, a difference in height between the pair of air
springs 31 occurs, and the car body 5 is tilted.

[0113]

The tilt control unit 313 in the fifth embodiment is
similar to that of the third embodiment in that the car
body 5 is tilted by expansion and contraction of the pair

of actuators 96 which are disposed while being separate
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from each other in the vehicle lateral direction. That 1is,
since only the control target of the tilt control unit 313
in the fifth embodiment is changed from the 0car body
lifting up and down apparatus 740 illustrated in Fig. 15
to the Ocar body tilting drive apparatus 910, a detailed
description thereof will not be given herein.

[0114]

Accordingly, similar to the third embodiment, during
a normal operation of the guide-rail track wvehicle of the
fifth embodiment, it is possible to automatically adjust
the height of the air spring 31 using the leveling wvalve
41 and the adjustment rod 45 such that the car body 5 is
not brought into a tilted state. In contrast, in order to
tilt the car body 5, it is possible to change the height
of each of the pair of air springs 31 by allowing the
actuator 96 to press the suspension frame 29 in the
vehicle lateral direction in a state where the leveling
valve 41 is restricted from adjusting the height of the
air spring 31. Accordingly, similar to when the height
of each of the air springs 31 is individually
adjusted, it is possible to adjust the height
position of the car body 5 relative to the bogie frame 26.
In addition, the heights of the end portions of the car
body 5 in the vehicle lateral direction are set to be
different from each other, and thus the car body 5

is tilted. As a result, it is possible to more reliably
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prevent ride quality from deteriorating when the guide-
rail track wvehicle travels on a curved portion of the
track.

[0115]

Subsequently, a guide-rail track vehicle in a sixth
embodiment of the present invention will be described.
Since a partial configuration of a guide-rail track
vehicle is the only difference between the third
embodiment and the sixth embodiment, a description will be
given with the same reference assigned to the same parts.
The guide-rail track vehicle in the sixth embodiment
includes the car body 5 and the bogie 6, and the bogie 6
includes a pair of the travelling wheels 7; the steering
device 8; the suspension apparatus 9; the dampening
apparatus 10; the car body tilting mechanism 11; the
detection unit 12; and a tilt control unit 413.

[0116]

As illustrated in Fig. 20, the guide-rail track
vehicle in the sixth embodiment further includes a storage
unit 101 in place of the speed detection unit 59 of the
guide-rail track vehicle in the third embodiment.

The storage unit 101 pre-stores information
regarding the cant of the track 2 and the vehicle speed.
More specifically, the storage unit 101 pre-stores the

shape of a route on which the guide-rail track wvehicle
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travels, and a run curve.

[0117]

The tilt control wunit 413 controls the driving of
the car body tilting mechanism 11 based on a detection
result from the detection unit 12 and the information
stored in the storage unit 101. The tilt control unit 413
includes a running condition acquisition wunit 455; the
curvature radius calculation unit 56; a normal
acceleration calculation wunit 457; and the tilt angle
calculation unit 58.

[0118]

The running condition acquisition unit 455 acquires
information regarding the cant of the track 2 and the
vehicle speed from information stored in the storage unit
101. Information regarding the cant and the vehicle speed
referred to here 1s stored 1in association with travel
position information on the track 2 or travel time
information. That 1is, it 1is possible to acquire
information regarding the cant and the wvehicle speed
corresponding to the travel position of the guide-rail
track vehicle from the storage unit 101.

[0119]

Similar to the curvature radius calculation unit 56
in the first embodiment, the curvature radius calculation

unit 56 calculates the curvature radius of the track 2
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using Expression (2) based on a detection result from the
displacement sensor 46.

[0120]

The normal acceleration calculation unit 457
calculates normal lateral acceleration applied to
passengers in the vehicle based on information regarding a
cant, a vehicle speed, and a curvature radius. Here, if
the cant of a curve, the curvature radius, and the vehicle

speed of the guide-rail track vehicle when rounding the

curve are supposed to be “C” (%), “R” (m), and “V” (km/h),
respectively, it is possible to obtain unbalanced
centrifugal acceleration “as” (G) using Expression (6)

written below.

as = (V¥) / (127R) - C ... (6)

[0121]

In addition, the normal acceleration calculation
unit 457 obtains the normal lateral acceleration “op” (G)
applied to the passengers when the guide-rail track
vehicle rounds the curve using Expression (4).

The tilt angle calculation unit 58 calculates an
optimal tilt angle required to tilt the car body 5 toward
the inner rail when the vehicle rounds the curve using
Expression (5). The tilt control unit 413 controls the
car body tilting mechanism 11 to tilt the car body 5 based

on the tilt angle calculated by the tilt angle calculation
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unit 58.

[0122]

A description given Thereinafter relates to an
operation of the car body tilting mechanism 11 when the
guide-rail track wvehicle in the sixth embodiment travels
on a curved portion of the track 2. The types of running
conditions and an acquisition method are the only
differences between the operation of the tilt control unit
413 in the sixth embodiment and the operation of the tilt
control unit 13 in the first embodiment illustrated in Fig.
6. Accordingly, the description will be given with the
same reference signs assigned to the same steps.

[0123]

As illustrated in Fig. 22, first, the tilt control
unit 413 acquires information regarding the vehicle speed
and the cant of the guide-rail track vehicle from the
storage unit 101 via the running condition acquisition
unit 55 (step S11). 1In parallel with this step, the tilt
control unit 413 acquires the degree of turning of the
guiding frame 19 detected by the displacement sensor 46
(step S02).

Subsequently, the tilt control unit 413 calculates
the curvature radius of the track 2 from the degree of
turning of the guiding frame 19 using the curvature radius

calculation unit 56 (step S03).
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The tilt control wunit 413 obtains normal lateral
acceleration applied to passengers in the vehicle
calculated by the normal acceleration calculation unit 457
based on information regarding the wvehicle speed, the cant,
and the curvature radius (step S14).

[0124]

Subsequently, the tilt control unit 413 obtains the
lateral tilt angle of the car body 5 calculated by the
tilt angle calculation unit 58 based on the normal lateral
acceleration obtained by the normal acceleration
calculation unit 457 (step SO05).

The tilt control wunit 413 controls the driving of
the tilt drive unit 53 such that the tilt angle 1s equal
to the calculated tilt angle (step S06).

[0125]

Accordingly, in the guide-rail track vehicle of the
sixth embodiment, it is possible to calculate the normal
lateral acceleration, in which the cant of the track 2 is
taken into consideration. For this reason, it is possible
to calculate an optimal tilt angle required to tilt the
car body 5 toward the inner rail when the vehicle rounds a
curve.

[0126]

Subsequently, a guide-rail track vehicle in a

seventh embodiment of the present invention will be
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described. Since a partial configuration of a guide-rail
track vehicle 1s the only difference between the third
embodiment and the seventh embodiment, a description will
be given with the same reference signs assigned to the
same parts. The guide-rail track vehicle in the seventh
embodiment includes the car body 5 and the bogie 6, and
the bogie 6 includes a pair of the travelling wheels 7;
the steering device 8; the suspension apparatus 9; the
dampening apparatus 10; the car body tilting mechanism 11;
the detection unit 12; and a tilt control unit 513.

[0127]

The tilt control wunit 513 controls the driving of
the car body tilting mechanism 11 based on a detection
result from the detection unit 12 and information stored
in the storage unit 101.

As illustrated in Fig. 21, the guide-rail track
vehicle in the seventh embodiment includes an acceleration
detection unit 103. The acceleration detection unit 103
is attached to the car body 5, and detects normal lateral
acceleration.

[0128]

The tilt control wunit 513 includes the running
condition acquisition wunit 455; the curvature radius
calculation unit 56; the normal acceleration calculation

unit 457; the acceleration comparison unit 104; and the
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tilt angle calculation unit 58. Since each of the running
condition acquisition wunit 455, the curvature radius
calculation unit 56, and the normal acceleration
calculation unit 457 has the same configuration as that in
the sixth embodiment, a detailed description thereof will
be omitted.

[0129]

The acceleration comparison unit 104 compares a
detection result from the acceleration detection unit 103
with a result calculated by the normal acceleration
calculation unit 457. More specifically, the calculated
result from the normal acceleration calculation unit 457
is verified by the detection result from the acceleration
detection wunit 103. For example, when a difference
between the calculated result from the normal acceleration
calculation wunit 457 and the detection result from the
acceleration detection unit 103 exceeds a pre-set
threshold wvalue, the acceleration comparison wunit 104
determines that the calculated result from the normal
acceleration calculation unit 457 indicates a failed state,
and the tilting of the car body 5 is not controlled.

[0130]

The tilt angle calculation unit 58 calculates an
optimal tilt angle required to tilt the car body 5 toward

the inner rail when the vehicle rounds a curve, using
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Expression (5). The tilt control wunit 413 controls the
car body tilting mechanism 11 to tilt the car body 5 based
on a tilt angle calculated by the tilt angle calculation
unit 58.

[0131]

A description given Thereinafter relates to an
operation of the car body tilting mechanism 11 when the
guide-rail track vehicle in the seventh embodiment travels
on a curved portion of the track 2. Since an acceleration
comparison step performed by the acceleration comparison
unit 104 is the only differences between the operation of
the tilt control unit 513 in the seventh embodiment and
the operation of the tilt control unit 413 in the sixth
embodiment, a description will be given with the same
reference signs assigned to the same steps.

[0132]

As illustrated in Fig. 23, first, the tilt control
unit 513 acquires information regarding the vehicle speed
and the cant of the guide-rail track vehicle stored in the
storage unit 101 wvia the running condition acquisition
unit 55 (step S11). 1In parallel with this step, the tilt
control unit 513 acquires the degree of turning of the
guiding frame 19 detected by the displacement sensor 46
(step S02) .

Subsequently, the tilt control wunit 513 calculates
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the curvature radius of the track 2 from the degree of
turning of the guiding frame 19 using the curvature radius
calculation unit 56 (step S03).

The tilt control wunit 513 obtains normal lateral
acceleration applied to passengers in the wvehicle
calculated by the normal acceleration calculation unit 457
based on information regarding the vehicle speed, the cant,
and the curvature radius (step S14).

[0133]

The tilt control wunit 513 acquires the normal
lateral acceleration detected by the acceleration
detection unit 103 (step S210 acceleration detection step
and running condition acquisition step). The tilt control
unit 513 controls the acceleration comparison unit 104 to
compare the normal lateral acceleration calculated by the
normal acceleration calculation unit 457 with the normal
lateral acceleration detected by the acceleration
detection wunit 103 (step S220 acceleration comparison
step) . As described above, when the acceleration
comparison unit 104 determines that a difference between
the calculated result from the normal acceleration
calculation wunit 457 and the detection result from the
acceleration detection unit 103 exceeds a pre-set
threshold wvalue, the acceleration detection wunit 103

outputs information indicative of a failed state to the
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tilt angle calculation unit 58 such that the tilting of
the car body 5 is not controlled.

[0134]

Subsequently, when information regarding the normal
lateral acceleration obtained by the normal acceleration
calculation unit 457 is input to the tilt control unit 513
via the acceleration comparison unit 104, the tilt control
unit 513 obtains the lateral tilt angle of the car body 5
calculated by the tilt angle calculation unit 58 based on
the normal 1lateral acceleration (step S05). The tilt
control wunit 513 controls the driving of the tilt drive
unit 53 such that the tilt angle 1is equal to the
calculated tilt angle (step S06).

[0135]

Accordingly, in the guide-rail track wvehicle of the
seventh embodiment, it 1s possible to detect normal
lateral acceleration actually applied to passengers using
the acceleration detection wunit 103. For this reason,
also when the wvalue of the normal lateral acceleration
calculated by the normal acceleration calculation unit 457
is abnormal, it is possible to detect the abnormality of
the wvalue and optimally control the tilting of the car
body 5.

[0136]

The present invention is not limited to the
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aforementioned embodiments, and various modifications can
be made to the embodiments insofar as the modifications do
not depart from the spirit of the present invention. That
is, specific shapes, configurations, and the like
illustrated in the embodiments are merely examples, and
can be appropriately modified.

[0137]

For example, in the description of the embodiments,
the dampening apparatus 10 includes the air springs 31;
however, the dampening apparatus 10 is not limited to the
alr spring 31 insofar as the dampening apparatus 10 can
adjust the height of a car body. Two air springs 31 are
disposed while being separate from each other in the
vehicle 1lateral direction; however, the number of air
springs 31 disposed in the vehicle lateral direction is
not limited to two, and three or more air springs 31 may
be disposed.

[0138]

In the first embodiment, the tilt angle of the car
body 5 1s changed corresponding to the degree of turning
of the guiding frame 19. However, when the curvature of a
curved portion of the track 2 1is greater than a
predetermined curvature that 1s pre-set, the car body 5
may be tilted at only the predetermined angle that is pre-

set. In this case, the detection unit 12 detects when the



75

guide-rail track vehicle 1 enters the curved portion.

[0139]

In the first embodiment, the vertical gap between
the bogie frame 26 and the adjustment valve support bar 42
is displaced by the actuator b54; however, the present
invention is not limited to this configuration. For
example, the adjustment valve support bar 42 may be turned
by the transmission of the rotating power of a motor to a
rotary shaft of the adjustment wvalve support bar 42 via a
speed reduction mechanism or the like.

[0140]

In the embodiments, different types of the car body
tilting mechanisms 11, 211, 311, and 411 are individually
adopted. However, at least one of the car body tilting
mechanisms 11, 211, 311, and 411 may be provided, or the
car body 5 may be tilted by an appropriate combination
thereof.

[0141]

The curvature radius calculation unit 56 in each of
the embodiments obtains a curvature radius wusing an
expression; however, the present invention is not limited
to this approach. For example, a curvature radius may be
obtained referring to tables and maps relating to a
detection result from the displacement sensor and the

curvature radius.
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[0142]

Similarly, in the embodiments, the normal
acceleration calculation units 57 and 457 obtain normal
lateral acceleration using expressions, and the tilt angle
calculation wunit 58 obtains a tilt angle wusing an
expression. However, the normal acceleration calculation
units 57 and 457 may obtain normal lateral acceleration
based on maps relating to a curvature radius, running
conditions (vehicle speed, cant), and normal acceleration.
The tilt angle calculation unit 58 may obtain the tilt
angle of the car body 5 based on tables and maps relating
to the normal lateral acceleration and the tilt angle.

[0143]

In the embodiments, the degree of turning of the
guiding frame 19 1s converted into the amount of linear
displacement, and then displacement sensor 46 detects the
amount of converted 1linear displacement. However, a
detection apparatus 1is not limited to the displacement
sensor 46 insofar as the detection apparatus can detect
the degree of turning. For example, the degree of turning
of the guiding frame 19 may be detected by various
detection apparatuses such as a rotary encoder, a variable
resistor, and an image processing apparatus.

[0144]

The sixth embodiment may include a tilt angle
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storage unit for storing information regarding a tilt
angle. The tilt angle storage unit stores information
regarding tilt angles which are pre-calculated by the tilt
angle calculation unit 58 based on information regarding
the shape of a route, a run curve, and the like stored in
the storage wunit 101. The tilt control unit 413
preferably controls the car body tilting mechanism 11 to
tilt the car body 5 based on the tilt angles stored in the
tilt angle storage unit.

[0145]

In the embodiments, the cross beams 20 of the
guiding frame 19 are disposed respectively in front of and
behind the travelling wheels 7, and four guide wheels 22
are provided. However, the cross beam 20 may be disposed
only in front of the travelling wheels 7. The guide
wheels 22 are rotatably provided in the guiding frame 19;
however, non-rotatable sliding members may be disposed in
replacement of the guide wheels 22.

Industrial Applicability

[0146]

The present invention can be widely applied to a
guide-rail track vehicle that is configured to be able to
travel on a track while being guided by guide rails.
Reference Signs List

[0147]
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CLAIMS

A guide-rail track vehicle comprising:

a car body;

a bogie configured to support the bottom of the car body, and

dampening apparatuses that are disposed between the bogie and the car body,

wherein the bogie includes

a car body tilting mechanism configured to tilt the car body in a vehicle lateral
direction;

a guiding frame configured to turn while being guided by guide rails provided along a
track;

a detection unit configured to detect the degree of turning of the guiding frame; and

a tilt control unit configured to control the car body tilting mechanism to tilt the car
body based on a detection result from the detection unit,

wherein the detection unit includes

a link mechanism which is configured to convert a displacement of the guiding frame
in a turn direction into a linear displacement, and

a displacement sensor which is fixed to a floor surface of the car body or a suspension
frame attached to the car body, and which is configured to detect the linear displacement
converted by the link mechanism,

wherein the link mechanism includes

a horizontal rod which is coupled to a cross beam of the guiding frame so as to
extend in the vehicle lateral direction, and which is configured to be capable of swinging with
respect to the guiding frame,

a horizontal detection link which is configured to be capable of swinging with
respect to the horizontal rod, and which is supported by the car body so as to be capable of
turning about an axial line extending in an longitudinal direction of the car body, and

a vertical rod which is configured to be capable of swinging with respect to the
horizontal detection link, and which is formed to extend in a direction toward the
displacement sensor, and

wherein the link mechanism is configured to convert the displacement of the guiding
frame in the turn direction into a displacement in a direction toward the displacement sensor.

The guide-rail track vehicle according to claim 1,
wherein the link mechanism is configured to convert the displacement of the guiding
frame in the turn direction into a vertical displacement.

The guide-rail track vehicle according to claim 1 or 2,
wherein the displacement sensor is configured to detect an amount of a vertical
displacement of the vertical rod as a linear displacement.
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The guide-rail track vehicle according to any one of claims 1 to 3, further comprising:

a height adjustment apparatus configured to be able to individually adjust the height
of each of the dampening apparatuses; and

an automatic height adjustment mechanism configured to maintain the height of the
dampening apparatus in a pre-set range of height by operating the height adjustment
apparatus,

wherein the car body tilting mechanism includes a height adjustment apparatus
moving mechanism configured to be able to move the height adjustment apparatus in a height
direction, and a drive apparatus configured to drive the height adjustment apparatus moving
mechanism, and

wherein the tilt control unit controls the driving of the drive apparatus based on a
detection result from the detection unit, and moves the position of the height adjustment
apparatus in the height direction using the height adjustment apparatus moving mechanism.

The guide-rail track vehicle according to any one of claims 1 to 3, further comprising:

a height adjustment apparatus configured to be able to individually adjust the height
of each of the dampening apparatuses; and

an automatic height adjustment mechanism configured to maintain the height of the
dampening apparatus in a pre-set range of height by operating the height adjustment
apparatus,

wherein the car body tilting mechanism includes a tilt angle control apparatus that is
configured to change the height of the dampening apparatus while bypassing the height
adjustment apparatus, when tilting the car body, and a tilt adjustment apparatus configured to
restrict the height adjustment apparatus from adjusting the height of the dampening
apparatus, and

wherein the tilt control unit controls the driving of the tilt angle control apparatus
based on a detection result from the detection unit such that the height of the dampening
apparatus is adjusted.

The guide-rail track vehicle according to any one of claims 1 to 3, further comprising:

a height adjustment apparatus configured to be able to individually adjust the height
of each of the dampening apparatuses; and

an automatic height adjustment mechanism configured to maintain the height of the
dampening apparatus in a pre-set range of height by operating the height adjustment
apparatus,

wherein the car body tilting mechanism includes a car body lifting up and down
apparatus that is configured to support the bottom of the dampening apparatus and to be able
to move the position of the dampening apparatus in a vertical direction, and a tilt adjustment
apparatus configured to restrict the height adjustment apparatus from adjusting the height of
the dampening apparatus, and

wherein the tilt control unit controls the car body lifting up and down apparatus to
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displace the position of the dampening apparatus in the vertical direction based on a detection
result from the detection unit.

The guide-rail track vehicle according to any one of claims 1 to 3, further comprising:

an anti-rolling apparatus that is configured to include a torsion bar extending in the
vehicle lateral direction, and to restrict the tilting of the car body using a restoring force of the
torsion bar in a torsional direction,

wherein the car body tilting mechanism includes a rod expansion and contraction
apparatus configured to displace a neutral position of the torsion bar in the torsional direction,
and

wherein the tilt control unit controls the driving of the rod expansion and contraction
apparatus based on a detection result from the detection unit such that the neutral position of
the torsion bar is displaced.

The guide-rail track vehicle according to claim 6 or 7,

wherein the car body tilting mechanism includes a right/left stopper that is disposed in
a lateral center portion of the floor portion of the car body and is configured to restrict the car
body from being slid in the vehicle lateral direction while allowing the car body to be tilted in
the vehicle lateral direction, and a car body tilting drive apparatus configured to apply force
to the suspension frame in the vehicle lateral direction, and

wherein the tilt control unit controls the driving of the car body tilting drive apparatus
based on a detection result from the detection unit such that force is applied to the suspension
frame in the vehicle lateral direction.

The guide-rail track vehicle according to any one of claims 1 to 8,

wherein the tilt control unit includes

a running condition acquisition unit configured to acquire at least vehicle speed
information as a running condition;

a curvature radius calculation unit configured to calculate the curvature radius of the
track based on the degree of turning detected by the detection unit;

a normal acceleration calculation unit configured to obtain normal lateral acceleration
applied to passengers in the vehicle based on the vehicle speed information and the curvature
radius; and

a tilt angle calculation unit configured to calculate the lateral tilt angle of the car body
based on the normal lateral acceleration.

10.

The guide-rail track vehicle according to claim 9, further comprising:

a speed detection unit configured to detect a vehicle speed,

wherein the running condition acquisition unit acquires vehicle speed information
from the speed detection unit, and



85

wherein the normal acceleration calculation unit calculates normal lateral acceleration
based on information regarding the vehicle speed and the curvature radius.

11.

The guide-rail track vehicle according to claim 9, further comprising:

a storage unit configured to pre-store information regarding the cant of the track and
the vehicle speed,

wherein the running condition acquisition unit acquires information regarding the cant
and the vehicle speed from information stored in the storage unit, and

wherein the normal acceleration calculation unit calculates normal lateral acceleration
based on information regarding the cant, the vehicle speed, and the curvature radius.

12.

The guide-rail track vehicle according to claim 11, further comprising:

an acceleration detection unit configured to detect normal lateral acceleration,

wherein the running condition acquisition unit acquires information regarding the
normal lateral acceleration detected by the acceleration detection unit, and

wherein the tilt control unit includes an acceleration comparison unit that is
configured to compare the normal lateral acceleration calculated by the normal acceleration
calculation unit with the normal lateral acceleration detected by the acceleration detection
unit.

13.

A car body tilt control method of a guide-rail track vehicle according to any one of
claims 1 to 12, the method comprising:

a detection step of detecting the degree of turning of the guiding frame; and

a tilt control step of controlling the tilting of a car body based on the degree of turning
of the guiding frame.

14.

The car body tilt control method of a guide-rail track vehicle according to claim 13,

wherein the tilt control step includes

a running condition acquisition step of acquiring at least vehicle speed information as
a running condition;

a curvature radius calculation step of calculating the curvature radius of the track
based on the degree of turning of the guiding frame;

a normal acceleration calculation step of obtaining normal lateral acceleration applied
to passengers in the vehicle based on the vehicle speed and the curvature radius; and

a tilt angle calculation step of calculating the lateral tilt angle of the car body based on
the normal lateral acceleration, and

wherein the tilting of the car body is controlled in such a manner that the tilt angle is
equal to the calculated tilt angle.
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15.

The car body tilt control method of a guide-rail track vehicle according to claim 14,

wherein information regarding a cant and the vehicle speed is acquired in the running
condition acquisition step, and

wherein the normal lateral acceleration is calculated based on the cant, the vehicle
speed, and the curvature radius in the normal acceleration calculation step.

16.

The car body tilt control method of a guide-rail track vehicle according to claim 15,
further comprising:

an acceleration detection step of detecting normal lateral acceleration,

wherein information regarding the normal lateral acceleration detected in the
acceleration detection step is acquired in the running condition acquisition step, and

wherein the tilt control step includes an acceleration comparison step of comparing
the normal lateral acceleration calculated in the normal acceleration calculation step with the
normal lateral acceleration detected in the acceleration detection step.

17.
The guide-rail track vehicle according to any one of claims 1 to 12,
wherein the bogie includes:
a pair of travelling wheels which are disposed in a vehicle lateral direction of

the car body; and
a bogie frame having a kingpin that rotatably supports the pair of travelling

wheels, and
wherein the pair of travelling wheels are steered by using the turning of the guiding

frame.



