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Description

FIELD OF THE INVENTION

The present invention relates to a bogie equipped
with a body-tilting system for a railway car in which run-
ning performance of a railway car going around curves
in railway tracks is improved.

BACKGROUND OF THE INVENTION

Fig. 8 is a schematic front view illustrating a posi-
tional relation between the center of gravity, the center
of tilting, the center of axle springs and the center of bol-
ster springs (air springs) of a car body in a conventional
railway car with an active body-tilt system (so called a
pendulum train).

Fig. 9 is a schematic front view illustrating the car of
Fig. 8 in a tilted state.

In Figs. 8 and 9, 1 denotes a car body, 2 bolster
springs, 3 a pendulum beam, 7 a bogie frame, 9 axle
springs, 10 an axle, 13 an actuator for tilting the body,
20 a body-tilt system (roller type), G the center of gravity
of the body, Oy the center of tilting of the body, O the
center of axle springs and O, the center of bolster
springs.

A railway car equipped with a roller-type body-tilt
system comprises a car body 1, bolster springs 2, a
pendulum beam 3, a bogie frame 7, axle springs 9, an
axle 10 and a body-tilt system (roller type) 20. In a nat-
ural tilt car without active tilt control, the body 1 is tilted
around the center of tilting O, thereof in obedience to
the centrifugal force which may act to the center of grav-
ity G thereof in a curve. Also an active body-tilt control
system has recently come into practical use, in which
controlled body-tilting force is applied to the body 1 in
addition to the centrifugal force acting to the center of
gravity of the body 1, through a tilting actuator 13 such
as an air cylinder between the pendulum beam 3 and
the bogie frame 7 in order to improve riding comfort by
swiftly (without delay) and gradually tilting the body 1 on
transition curves provided entrances and exits of
curves. Even in the active body-tilt system, however, in
order to enable natural tilting caused by centrifugal
forces when the active tilting system fails, the height of
the center of tilting is maintained similar to those of con-
ventional natural tilt systems.

As described above, since conventional pendulum
trains in Japan fundamentally utilize centrifugal forces,
which are applied to the car going around curves, as
body tilting forces, the height of center of tilting O is set
as high as possible, for example, at 2,275mm to
2,300mm above rail running surface, and the height of
center of gravity is set as low as possible at 1,300mm to
1,500mm above rail running surface, thereby enlarging
a momentum force around the center of tilting produced
by the centrifugal force acting to the center of gravity G,
wherein the distance between the center of tilting Og
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and the center of gravity G is the momentum arm
length. And the height of center of bolster springs O is
generally set at 900mm to 1,000mm above rail running
surface from the view point of body arrangement.

In the aforementioned conventional cars with body-
tilt systems, however, it is impossible to further improve
the performance of the cars under the concept of con-
ventional positional relations between the center of
gravity, the center of tilting, and the center of bolster
springs of the car body of the cars due to many kinds of
problems. This is because, when the car body is tilted
around the center of tilting toward the inside of the curve
(the center of the curve), wheel loads applied to inner
rails become smaller due to the shift of the center of
gravity from track center toward outside rails by "s"
between G-G' in Fig. 9. Consequently, this phenomenon
causes a danger of a derailment in an extreme case and
forms a factor of restricting velocity of the car in curves.

Further, in case that the center of tilting is pre-
served as high as those in conventional cars equipped
with body-tilt systems in order to promote a natural tilt-
ing by enlarging momentum forces around the center of
tilting, which are caused by centrifugal forces acting to
the center of gravity of the body, lateral movement of the
body floor during body-tilting operation becomes
greater, thereby, standing passengers and walking pas-
sengers would feel as if their legs were tackled and even
sitting passengers would feel discomfort generated by
bigger lateral movement, and furthermore, it becomes
difficult for the cars to increase running velocities in
curves.

In recent years, it has been a significant target for
railway services, in connection with competition with
automobiles and airplanes, to further increase running
velocities in curves and improve passenger's comfort.
To achieve this target, it has been required that the con-
structions of cars equipped with body-tilt systems
should be modified to greatly improve running perform-
ances and riding comforts.

OBJECTS OF THE INVENTION

As described also in the BACKGROUND OF THE
INVENTION, cars equipped with body-tilt systems in
service in Japan have been generally so designed that
the center of tilting is arranged as high as possible, the
center of gravity is arranged as low as possible and bol-
ster springs are disposed under the bogie frame as
shown in Fig. 8 in order to enable natural pendulum and
from the view point of body arrangement.

Accordingly, when a body of the car tilts toward the
center of a curve during running on the curve, the center
of gravity moves toward an outer rail of the curve, which
causes bogie wheel loads applied to an inside rail to be
reduced, resulting in restriction on car velocity. Also,
when arranging the center of tilting high, there is a prob-
lem that riding comfort deteriorates due to an increase
in lateral movement of body floor. Furthermore, there is



3 EP 0 683 081 B1 4

a problem that riding comfort also deteriorates due to a
practical reduction of body tilting angle by the body-tilt
system since the car body rolls and inclines toward the
outside of the curve when bolster springs are installed
at a low position.

Nowadays, such needs to further speed-up curve
running velocity of the car equipped with a body-tilt sys-
tem and to improve riding comfort during the car run-
ning transition curves have been very stronger. It is an
object of the present invention to improve running per-
formance by preventing the wheel load on an inside rail
from decreasing even when the running velocity on a
curve is further increased, and by changing relations
between the heights of the center of tilting, the center of
gravity and the center of bolster springs through chang-
ing greatly car structure of a conventional pendulum
train.

It is another object of the present invention to
enhance riding comfort by restraining lateral movement
of a body floor and the rolling of the body during body
tilting operation.

It is still another object of the present invention to
enhance riding comfort by naturally tilting the body by a
few degrees by centrifugal force during running on
curves, and thereby reducing the influence of centrifu-
gal acceleration by suspending bolster springs for body
suspension system at high positions.

It is still another object of the present invention to
provide a bogie equipped with a body-tilt system for a
railway car in which riding comfort should not extremely
be deteriorated even when a body-tilt system failed.

SUMMARY OF THE INVENTION

The bogie equipped with a body-tilt system for a
railway car according to the present invention com-
prises:

a wheelset including a wheel, an axle and an axle
box;

a bogie frame supported on said wheelset;

a support pedestal standing upwardly from said
bogie frame to a position adjacent to a roof of the
car body; a tilting member which is disposed on an
upper position of said pedestal and pendulates
around a center of tilting in a lower portion of the car
body;

an actuator with a controller therefor for tilting the
car body disposed between said support pedestal
and said tilting member; and

an elastic suspension means such as a bolster
spring provided between said tilting member and
the car body.

A bogie equipped with a body-tilt system according
to an embodiment of the present invention comprises:

a wheel set of a railway car;
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a bogie frame supported on said wheel set through
an axle spring;
a body suspension system composed of an air-
spring and the like for suspending a car body, the
body suspension system suspended at a high posi-
tion close to a body roof;
a body-tilt system of bearing guide type, roller type
or link type and the like for tilting the car body
toward centers of curves when the car going
around curves;
a body-tilt control system composed of a hydraulic
or air cylinder and the like for controlling bodly tilting;
and
a support pedestal fixed on said bogie frame for
suspending said body suspension system and
body-tilt system at a high position close to the body
roof,

wherein, the curvature of the bearing guide
or roller type guide or a construction of a link in the
link type is arranged to position the center of tilting
below the center of gravity of the car body and at
around floor level of the body, when the body tilts
toward the center of the curve, the center of gravity
of the body moves to inside from the center of a
track, thereby preventing wheel load reduction of an
inner rail wheel and consequently improving run-
ning performance, and also improving riding com-
fort by reducing lateral movement of the body floor
during the tilting operation, and the body suspen-
sion system such as an air spring and the like is
suspended at a high position close to the body roof
to cause the body naturally to tilt by a few degrees
toward the center of the curve by centrifugal force
during the car going around the curve in addition to
body tilting angle produced by the body-tilt system,
consequently reducing lateral normal acceleration
on the body floor and thereby enhancing riding
comfort, and, even when the body-tilt system fails,
the riding comfort is not extremely deteriorated by
the natural tilting action.

A bogie equipped with a body-tilt system according
to another embodiment of the present invention com-
prises:

a wheel set of a railway car;

a bogie frame supported on said wheel set through
an axle spring;

a body suspension system composed of an air-
spring and the like for suspending a car body, the
body suspension system suspended at a high posi-
tion close to a body roof;

a body-tilt system of bearing guide type, roller type
or link type and the like for tilting the car body
toward centers of curves when the car going
around curves;

a body-tilt control system composed of a hydraulic
or air cylinder and the like for controlling bodly tilting;



5 EP 0 683 081 B1 6

and
a support pedestal fixed on said bogie frame for
suspending said body suspension system and
body-tilt system at a high position close to the body
roof,

wherein, the curvature of the bearing guide
or roller type guide or a construction of a link in the
link type is arranged to position the center of tilting
below the center of gravity of the car body and at
around floor level of the body, when the body tilts
toward the center of the curves, the center of gravity
of the body moves toward the center of the curve
from the center of a track, thereby preventing wheel
load reduction of an inner rail wheel and conse-
quently improving running performance, and also
improving riding comfort by reducing lateral move-
ment of the body floor during the tilting operation,
and even when the body-tilt system fails, the body
suspension system such as an air spring and the
like is suspended at a high position close to the
body roof, so that the body naturally tilts by a few
degrees to the center of the curve by centrifugal
force during the car going around the curve, conse-
quently reducing lateral normal acceleration on the
body floor, thereby preventing riding comfort from
being extremely deteriorated.

As for conventional cars each equipped with a
body-tilt system in which the center of gravity is posi-
tioned at a high position, when bodies are tilted toward
inside of curves, the center of gravity inevitably moves
toward the outer rail, accordingly wheel load of each
bogie on the inner rail becomes small. If one should try
to prevent wheel load of each bogie on inner rails from
decreasing without changing arrangement of conven-
tional car equipped with a body-tilt system, he should
have to move the whole bogie horizontally toward curve
inner simultaneously with body tilting timing. Although,
this system is not practical as the equipment arrange-
ment becomes very large. At the same time, when the
center of tilting is as high as a conventional car
equipped with a body-tilt system, lateral motion of body
floor naturally get bigger and it is difficult to overcome
this problem. Then, several types of railway car arrange-
ments have been studied, in which load of inner rail
wheel of the bogy would not be decreased and lateral
movement of body floor would be minimized when the
car body is tilted at curves by changing height relations
between the center of tilting, the center of gravity and
the center of bolster springs in a conventional car
equipped with a body-tilt system. Fig. 1 is a schematic
diagram illustrating height relations between the center
of gravity, the center of tilting and the center of bolster
springs in a car equipped with a body-tilt system.
Herein, G denotes the center of gravity, Og denotes the
center of tilting, O denotes center of axle springs and
O, denotes center of bolster springs.

CASE [1] to [5] are examples of car arrangement
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combining, in several types, the center of gravity G, the
center of tilting O, the center of axle springs O4 and the
center of bolster springs O, in order to improve running
performance.

CASE[1] is a prior-art car with a body-tilt system, in
which the center of tilting O is set as high as possible
and the center of gravity is set as low as possible
thereby permitting enhanced natural tilt.

CASE[2] is a car arrangement, in which the center
of tilting Oy is set lower than that of CASE [1] within an
extent such that natural tilt is available, thereby sup-
pressing shift of center of gravity and lateral movement
of the body floor.

CASE[3] is a car arrangement, in which both the
center of tilting Oy and the center of gravity G are low-
ered as low as possible in comparison to CASE [2]
thereby, further improving running performance as a car
with a body-tilt system.

CASE [4] is a car arrangement, in which the center
of tilting Og and the center of gravity G are maintained
similar to those of CASE [3], but bolster springs are sus-
pended in higher position, thereby tilting car body in
response to centrifugal force during the car running the
curve, and by means of spring effect of bolster springs,
a few degrees toward inside of curves in addition to a
tilting angle produced by the body-tilt system in order to
improve riding comfort of a car equipped with a body-tilt
system.

CASE [5] is a car arrangement, to which an embod-
iment of the present is applied, and the center of bolster
springs O and the center of gravity are maintained at
similar heights as in CASE[4], but the center of tilting Oy
is set lower than the center of gravity G in order to sup-
press wheel load decrease of bogie inner wheels by
moving center of gravity toward the center of the curve
from the center of the track when the car body tilis
toward the center of the curve.

By arranging the center of tilting O as low as pos-
sible and the center of bolster springs as high as possi-
ble, it has been enabled to greatly improve running
performance and riding comfort at the same time which
had been a target for cars equipped with a body-tilt sys-
tem.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more apparent from
the ensuring description with reference to the accompa-
nying drawings wherein:

Fig. 1 is a schematic diagram illustrating height
relations between the center of gravity, the center of
tilting and the center of bolster springs in a car
equipped with a body-tilt system;

Fig. 2 is a side view of a bogie equipped with a
body-tilt system for a railway car according to an
embodiment of the present invention applied to an
articulated car and disposed between car bodies;
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Fig. 3 is a view of the bogie and the car body in Fig.
2 taken along the line A-A;

Fig. 4 is a view of the bogie and the car body in Fig.
2 taken along the line B-B;

Fig. 5 is a detailed perspective view of a bearing
guide which partly constitutes a bearing guide type
body-tilt system installed in the bogie in Figs. 2 to 4;
Fig. 6 is a view of the bogie and the car body in Fig.
2 taken along the line C-C;

Fig. 7 is a front view of a bogie according to another
embodiment of the present invention which
includes a body-tilt hold-back cylinder for sustaining
the car body at a neutral position;

Fig. 8 is a schematic front view illustrating positional
relations between the center of gravity, the center of
tilting, the center of axle springs and the center of
bolster springs of a car body in a conventional rail-
way car equipped with a body-tilt system (so called
a pendulum train);

Fig. 9 is a schematic front view illustrating the car in
Fig. 8 in a tilted state;

Fig. 10 is a front view schematically showing a tilt-
ing suspension mechanism for a car body in a rail-
way car bogie equipped with a body-tilt system
according to an embodiment of the present inven-
tion;

Fig. 11 is a front view schematically showing an
actuated state of pendulum mechanism in the bogie
in Fig. 10; and

Fig. 12 is a front view schematically showing an
actuated state of a body tilting mechanism with bol-
ster springs in the bogie shown in Fig. 10.

EMBODIMENTS

Now, embodiments of the present invention will be
explained.

First, referring to Figs. 10, 11 and 12, a tilting sus-
pension mechanism of a bogie equipped with a body-tilt
system for a railway car according to the present inven-
tion will be described.

The bogie of the present invention utilizes the fol-
lowing two tilting suspension mechanisms:

1. Tilting member (pendulum beam etc.) which tilts
around the center of tilting located at a lower por-
tion of the body, and driving actuator thereof (here-
inafter called as pendulum mechanism); and

2. Elastic suspension means provided between the
tilting member disposed at a higher portion of a car
body (upper portion of support pedestal) and the
car body (hereinafter called as tilting mechanism
with bolster springs).

In Fig. 10, a car body 1 illustrated as a hatched por-
tion is suspended by a pendulum beam 3 through bol-
ster springs 2 composed of a relatively soft spring such
as an air spring. The pendulum beam 3 is disposed at
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an upper portion of a car which is close to a body roof 1
and swings in an arc with radius R around the center of
tilting O, which is positioned at a lower position of the
car. Specifically, the lower ridge of pendulum beam 3 is
formed into an arc and is put tiltablely on a roller-type
body-tilt system 20, which may be a bearing guide type,
attached to an upper portion of a support pedestal 5.

A pedestal 5 is a structure including a pair of left
and right columns standing on the bogie frame 7. An
upper end of the columns of the pedestal 5 extends
nearly to roof of the body 1 and upper ends of the col-
umns are connected to each other with a tie beam 6.

The pendulum beam 3 is actuated relative to the
pedestal 5 by a body-tilt control cylinder 13, which may
be an oil or an air cylinder. A base portion of the body-
tilt control cylinder 13 is fixed to the pedestal 5 and an
end of the cylinder rod is fixed to the pendulum beam 3.
Accordingly, when the cylinder 13 rod extends, the pen-
dulum beam 3 moves right, and when the rod of the cyl-
inder 13 collapses the pendulum beam 3 moves left.

The bogie frame 7 is suspended on an axle box 22
through axle springs 9. The axle springs 9 are com-
posed of relatively hard coil springs or rubber. Axle
boxes 22 are supported on the axle 26 and wheels 24.
Wheels 24, axle 26, axle box 22 and so on form a
wheelset.

In Fig. 11, the rod of the body-tilt control cylinder 13
is contracted and the pendulum beam 3 is moved (tilted)
to the left. In accordance with the tiling of the pendulum
beam 3, the body 1 supported by the pendulum beam 3
is also tilted around the center of tilting Og to the left by
angle a. At this moment, the center of gravity G of the
body 1 has moved to G’ by a distance S left from the
center of gravity G.

In the state of Fig. 11, where the body 1 is tilted to
the left , the car is running around a curved track with a
center thereof at a distant point in the left. In such a
state, centrifugal force towards the right side in the Fig.
11 is generated and the body 1 is tilted to cancel the
centrifugal force in the car body 1. When the body 1 is
actively tilted as described above, the center of gravity
of the body 1 moves from G to G', that is, toward inside
of the curve. This movement of the center of gravity is
one of significant features of the present invention. Due
to this movement of the center of gravity, the load
applied to the inner (left) rail wheel 24’ is increased and
the reduction in the wheel load on an inner rail caused
by centrifugal force is supplemented.

Next, referring now to Fig. 12, another body tilting
mechanism utilizing expansion and contraction of bol-
ster springs for the bogie equipped with a body-tilt sys-
tem for a railway car in Fig. 20 will be described. In the
bogie shown in Fig. 12, no active pendulum works to tilt
the body. When the car is running around a curved track
with a center at a distant point in the left like the state
illustrated in Fig. 11, centrifugal force toward right is
applied to the car. But, this centrifugal force is canceled
by a moment produced by differential reaction forces of
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bolster springs 2 which support the body 1 and by
oblique component of gravity produced by tilting of the
body 1 due to an unequal contraction or expansion in
left and right bolster springs 2. As a result of such
action, the body 1 is swung to the right around a point
O3, which is at approximately the center of the both bol-
ster springs 2, and the body 1 tilts left.

The bogie equipped with a body-tilt system for a
railway car according to the present invention utilizes
both two body tilting mechanisms or selectively acti-
vates one of them.

(1) MODE activating both pendulum mechanism and
bolster spring tilting mechanism:

Even this MODE, body-tilting by pendulum mecha-
nism is mainly used and bolster spring tilting is some-
what additional. For example, at an entrance and an exit
of a transition curve, when body-tilting should be started
and stopped prior to the generation/miss of centrifugal
force in order not to delay in body-tilting, the pendulum
mechanism is activated.

In this mode, an actual tilting angle is measured
and feedbacked time to time, then the tilting angle of
bolster springs are subtracted from a target body tilting
angle, and then control should be continued setting the
residual angle to be a necessary tilting angle for the
pendulum mechanism.

(2) MODE activating only pendulum mechanism

This MODE is the most normal and ,in this MODE,
only the pendulum mechanism is activated with bolster
spring tilting mechanism locked.

In one of specific means to lock tilting by bolster
springs, a height controlling device for bolster springs is
provided and the height of bolster springs is maintained
constant at a predetermined value. For example, in a
general device in service which utilizes an air spring as
a bolster spring, the height of air springs is constantly
measured and when the height deviates from the stand-
ard height, air is supplied to or discharged from the air
spring to maintain the predetermined height of the air
spring. Although even in this type device, control delay
and control dead band causes the bolster spring to tilt
the car body. As a result, this tilting generally gives slight
additional body tilt angle whereby reducing lateral sta-
tionary acceleration and improving passengers’ riding
comfort.

Even in this mode, when control of pendulum
mechanism fails, the mode may be changed into bolster
spring tilting mode to prevent extremely poor riding
comfort. This is an advantage of this mode.

(3) MODE activating only tilting mechanism with bolster

When pendulum mechanism control system fails,
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tilting mechanism by bolster springs shall be activated
to prevent riding comfort from getting extremely worse.
Also, when the car runs a track section where no curve
data necessary for pendulum mechanism control are
accumulated, by activating this tilting mechanism with
bolster springs, the car can run faster than NON-PEN-
DULUM cars without extremely spoiling riding comfort.
This is an advantage of this mode.

As for a specific means for holding back the pendu-
lum mechanism, there is a method of shutting off the
pendulum mechanism control and fixing the pendulum
beam through body-tilt hold-back cylinder. On the other
hand, the activation of tilting mechanism with bolster
springs may be realized by not activating the spring
height adjusting system for the air springs or intercon-
necting air chambers of right and left air springs through
an interconnecting tube.

Now, the next embodiment of a bogie equipped with
a body-tilt system for a railway car according to the
present invention applied to an articulated car will be
described referring to attached drawings.

In the Figs. 2 to 7, 1 denotes a car body, 2 bolster
springs (air springs), 3 a pendulum beam, 4 a bearing-
type body-tilt system, 5 a support pedestal, 6 a tie beam
of the support pedestal, 7 a bogie frame, 8 an axle box
suspension, 9 axle springs, 10 an axle, 11 a pass way
between car bodies, 12 a yaw damper, 13 an actuator
for body tilting, 14 an actuator for holding back bodly tilt,
15 a vehicle gauge, 16 a bearing guide block, 17 abear-
ing guide rail, 18 bearing guide balls, 19 a bearing guide
seal, G the center of gravity of the car body, O, the
center of axle springs, O, the center of bolster springs
and R radius of curvature.

Fundamental concept of the bogie equipped with a
body-tilt system for a railway car of this embodiment is
to arrange the body-tilt system for suspending the bol-
ster springs (air springs) 2 at a position as high as pos-
sible, at the same time to dispose the center of tilting Oy
still below the center of gravity of the car body and
approximately as low as the car body floor.

Then, an embodiment of the present invention is
described. The bolster springs (air spring) 2 are sus-
pended at a high position close to the roof of the car
body 1 as illustrated in Figs. 2 to 4. The pendulum beam
3 and the body-tilt system 4 (bearing guide type) are
also suspended at a high position similar to bolster
spring 2 as shown in Figs. 2 to 4, since it is difficult to set
the center of tilting Og at a position with the same height
as the body floor when the design is ruled by the prior
art bogie equipped with a body-tilt system for a railway
car in which body-tilt system is suspended between a
bogie and a car body.

As this embodiment is applied to an articulated car,
the body suspension system such as the air springs 2,
the pendulum beam 3 and the bearing-type body-tilt
system 4 are provided in two sets on one bogie as
shown in Fig. 2 such that they may support and tilt the
car bodies of front and rear cars independently. The air
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spring 2 and others are supported by the support ped-
estal 5 standing on the bogie frame 7 as shown in Figs.
2 to 4. Right and left columns of the pedestal 5 are tied
to each other with a tie beam 6 as shown in Fig. 6 to
increase strength of the pedestal 5.

The body-tilt system 4 adopts a bearing guide type
system which is compact and light and easily arranged
for suspension at a high position. Details of the bearing
guide which is used in the bearing guide type body-tilt
system is shown in Fig.5. Several number of grooves
17a are formed on a bearing guide rail 17 which partly
constitute a body-tilt system guide and has a radius of
curvature R. These grooves 17a engage a row of balls
18 which circulate within bearing guide block 16 and
bearing guide block 16 and rail 17 relatively moves in an
arc having an identical center with the rail 17 and loads
may be transferred between the block 16 and rail 17.

In the bogie of Figs .2 to 4, two or four sets of bear-
ing guides of Fig. 5 are attached between the pedestals
5 and the pendulum beam 3 supporting two bolster
springs 2, with the center of their guide rails being coin-
cident with the center of tilting the body which is situated
about the same level with the body floor. As shown in
Figs. 2 and 3, air or oil pressure actuator for body tilting
13 are attached between the pendulum beam 3 and
support pedestal 5. These actuator 13 contribute in
improving riding comfort through body tilt control of the
car running around a transition curve or a circular curve.

Now, another embodiment of the present invention
will be described. In the bogie in Fig. 7, a stopper
bracket 3a provided in the center of the pendulum beam
3 is sandwiched from right and left by body-tilt hold-back
actuators 14 which is suspended on the tie beam 6 of
the support pedestal 5, and the actuator 14 hold back
the car body 1 to a neutral position, thereby preventing
body 1 from falling into an inverted pendulum state and
inclining to one side (left or right) in case that body tilt
control is ceased or fails.

ADVANTAGEOUS EFFECT OF THE INVENTION

As described above, the present invention may
improve running performance by preventing decrease in
inside rail wheel load and may enhance riding comfort
by depressing lateral movement of body floor during
body tilting operation by greatly changing the structure
of the body tilt system and the body suspension system
compared with the conventional pendulum train by dis-
posing the center of tilting Og below the center of gravity
of the car body and approximately as low as the car
body floor, or by suspending the bolster springs of the
body suspension system at a high position close to the
body roof.

Claims

1. A bogie equipped with a body-tilt system for a rail-
way car comprising:
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a wheelset including a wheel, an axle and an
axle box;

a bogie frame supported on said wheelset;

a support pedestal standing upwardly from
said bogie frame to a position adjacent to a roof
of the car body;

a tilting member which is disposed on an upper
position of said pedestal and pendulates
around a center of tilting in a lower portion of
the car body;

an actuator with a controller therefor for tilting
the car body disposed between said support
pedestal and said tilting member; and

an elastic suspension means provided
between said tilting member and the car body.

2. A bogie equipped with a body-tilt system for a rail-
way car comprising:

a wheel set of a railway car;
a bogie frame supported on said wheel set
through an axle spring;
a body suspension system composed of an air-
spring and the like for suspending a car body,
said body suspension system suspended at a
high position close to a body roof;
a body-tilt system of bearing guide type, roller
type or link type and the like for tilting the car
body toward centers of curves when the car
going around curves;
a body-tilt control system composed of a
hydraulic or air cylinder and the like for control-
ling body tilting; and
a support pedestal fixed on said bogie frame
for suspending said body suspension system
and body-tilt system at a high position close to
the body roof,

wherein, the curvature of the bearing
guide or roller type guide or a construction of a
link in the link type is arranged to position the
center of tilting below the center of gravity of
the car body and at around floor level of the
body, when the body tilts toward the center of
the curve, the center of gravity of the body
moves to inside from the center of a track,
thereby preventing wheel load reduction of an
inner rail wheel and consequently improving
running performance, and also improving riding
comfort by reducing lateral movement of the
body floor during the tilting operation, and the
body suspension system such as an air spring
and the like is suspended at a high position
close to the body roof to cause the body natu-
rally to tilt by a few degrees toward the center of
the curve by centrifugal force during the car
going around the curve in addition to body tilt-
ing angle produced by the body-tilt system,
consequently reducing lateral normal accelera-
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tion on the body floor and thereby enhancing
riding comfort, and, even when the body-tilt
system fails, the riding comfort is not extremely
deteriorated by the natural tilting action.

3. A bogie equipped with a body-tilt system for a rail-

way car comprising:

a wheel set of a railway car;
a bogie frame supported on said wheel set
through an axle spring;
a body suspension system composed of an air-
spring and the like for suspending a car body,
the body suspension system suspended at a
high position close to a body roof;
a body-tilt system of bearing guide type, roller
type or link type and the like for tilting the car
body toward centers of curves when the car
going around curves;
a body-tilt control system composed of a
hydraulic or air cylinder and the like for control-
ling body tilting; and
a support pedestal fixed on said bogie frame
for suspending said body suspension system
and body-tilt system at a high position close to
the body roof,

wherein, the curvature of the bearing
guide or roller type guide or a construction of a
link in the link type is arranged to position the
center of tilting below the center of gravity of
the car body and at around floor level of the
body, when the body tilts toward the center of
the curves, the center of gravity of the body
moves toward the center of the curve from the
center of a track, thereby preventing wheel load
reduction of an inner rail wheel and conse-
quently improving running performance, and
also improving riding comfort by reducing lat-
eral movement of the body floor during the tilt-
ing operation, and even when the body-tilt
system fails, the body suspension system such
as an air spring and the like is suspended at a
high position close to the body roof, so that the
body naturally tilts by a few degrees to the
center of the curve by centrifugal force during
the car going around the curve, consequently
reducing lateral normal acceleration on the
body floor, thereby preventing riding comfort
from being extremely deteriorated.

A bogie equipped with a body-tilt system for a rail-
way car according to one of claims 1 to 3, wherein
a body-tilt hold-back actuator for holding back said
car body to a neutral position is added to said body
tilt system to prevent said body from falling into an
inverted pendulum state and inclining to one side
(right and left) when said body tilt control is ceased
or fails.
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Patentanspriiche

Mit einem Wagenkasten-Neigungssystem ausgeru-
stetes Drehgestell fir ein Eisenbahnfahrzeug, auf-
weisend:

- einen Radsatz mit einem Rad, einer Achse und
einem Achslager;

- einen auf dem Radsatz gelagerten Drehge-
stellrahmen;

- eine von dem Drehgestellrahmen nach oben
zu einer an ein Dach des Wagenkastens
angrenzenden Position ragende Achslagerfih-
rung;

- ein Neigungselement, das an einer oberen
Position der Achslagerfihrung angeordnet ist
und um ein Neigungszentrum in einem unteren
Abschnitt des Wagenkastens pendelt;

- ein zwischen der Achslagerfihrung und dem
Neigungselement angeordnetes Betatigungs-
element mit einem Regler dafir zum Neigen
des Wagenkastens; und

- eine zwischen dem Neigungselement und dem
Wagenkasten vorgesehene elastische Authan-
gungsvorrichtung.

Mit einem Wagenkasten-Neigungssystem ausgeru-
stetes Drehgestell fir ein Eisenbahnfahrzeug, auf-
weisend:

- einen Radsatz eines Eisenbahnfahrzeugs;

- einen durch eine Achsfeder auf dem Radsatz
gelagerten Drehgestellrahmen;

- eine Wagenkasten-Aufhangungseinrichtung
bestehend aus einer Luftfeder und dergleichen
zum Aufhéngen eines Wagenkastens, wobei
die Wagenkasten-Aufhdngungseinrichtung in
hangender Anordnung an einer hohen Position
nahe an einem Wagenkastendach angebracht
ist;

- ein Wagenkasten-Neigungssystem in Art eines
Fuahrungslagers, Rollenlagers oder Gelenkla-
gers und dergleichen zum Neigen des Wagen-
kastens zu Kurvenmittelpunkten hin, wenn das
Fahrzeug Kurven durchféhrt;

- ein Wagenkasten-Neigungssteuersystem
bestehend aus einem Hydraulik- oder Luftzylin-
der und dergleichen zum Steuern der Wagen-
kastenneigung; und

- eine auf dem Drehgestellrahmen befestigte
Achslagerfihrung zur hangenden Anordnung
der Wagenkasten-Aufthangungseinrichtung
und des Wagenkasten-Neigungssystems an
einer hohen Position nahe am Wagenkasten-
dach;

wobei die Krimmung der Lagerfihrung oder rollen-
artigen Fuhrung oder ein Gelenkaufbau bei dem
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Gelenktyp so angeordnet ist, da3 das Neigungs-
zentrum unter dem Schwerpunktzentrum des
Wagenkastens und etwa auf Bodenhbhe des
Kastens liegt, wenn der Wagenkasten sich zum Mit-
telpunkt der Kurve hinneigt, das Schwerpunkizen-
trum des Wagenkastens sich von der Mitte einer
Spur nach innen verlagert, wodurch folglich eine
Radlastbeschrankung eines inneren Schienenra-
des verhindert und die Laufleistung verbessert wird
und durch eine Beschrankung der Seitwartsbewe-
gung des Kastenbodens wahrend des Neigungs-
vorgangs auch der Fahrkomfort verbessert wird,
und sich der Wagenkasten durch die hangende
Anordnung der Wagenkasten-Aufthangungseinrich-
tung, wie einer Luftfeder und dergleichen, an einer
hohen Position nahe am Kastendach zusétzlich zu
dem von dem Wagenkasten-Neigungssystem
erzeugten Wagenkasten-Neigungswinkel durch die
Zentrifugalkraft auf natdrliche Weise um ein paar
Grad zum Mittelpunkt der Kurve hinneigt, wahrend
das Fahrzeug die Kurve durchfahrt, wodurch folg-
lich die seitiche Normalbeschleunigung am
Kastenboden reduziert und der Fahrkomfort erhéht
wird und der Fahrkomfort durch die natirliche Nei-
gungsbewegung selbst dann nicht extrem ver-
schlechtert wird, wenn das Wagenkasten-
Neigungssystem aussetzt.

Mit einem Wagenkasten-Neigungssystem ausgeru-
stetes Drehgestell fur ein Eisenbahnfahrzeug, auf-
weisend:

- einen Radsatz eines Eisenbahnfahrzeugs;

- einen durch eine Achsfeder auf dem Radsatz
gelagerten Drehgestellrahmen;

- eine  Wagenkasten-Aufhangungseinrichtung
bestehend aus einer Luftfeder und dergleichen
zum Aufhé@ngen eines Wagenkastens, wobei
die Wagenkasten-Aufhédngungseinrichtung in
hangender Anordnung an einer hohen Position
nahe an einem Wagenkastendach angebracht
ist;

- ein Wagenkasten-Neigungssystem in Art eines
Fuahrungslagers, Rollenlagers oder Gelenkla-
gers und dergleichen zum Neigen des Wagen-
kastens zu Kurvenmittelpunkten hin, wenn das
Fahrzeug Kurven durchfahrt;

- ein Wagenkasten-Neigungssteuersystem
bestehend aus einem Hydraulik- oder Luftzylin-
der und dergleichen zum Steuern der Wagen-
kastenneigung; und

- eine auf dem Drehgestellrahmen befestigte
Achslagerfiihrung zur hangenden Anordnung
der Wagenkasten-Aufthangungseinrichtung
und des Wagenkasten-Neigungssystems an
einer hohen Position nahe am Wagenkasten-
dach;
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wobei die Krammung der Lagerfuhrung oder rollen-
artigen Flhrung oder ein Gelenkaufbau bei dem
Gelenktyp so angeordnet ist, da das Neigungs-
zentrum unter dem Schwerpunktzentrum des
Wagenkastens und etwa auf Bodenhdhe des
Kastens liegt, wenn der Wagenkasten sich zum Mit-
telpunkt der Kurven hinneigt, das Schwerpunktzen-
trum des Wagenkastens sich von der Mitte einer
Spur zum Mittelpunkt der Kurve hin verlagert,
wodurch folglich eine Radlastbeschrankung eines
inneren Schienenrades verhindert und die Lauflei-
stung verbessert wird und durch eine Beschran-
kung der Seitwartsbewegung des Kastenbodens
wéahrend des Neigungsvorgangs auch der Fahr-
komfort verbessert wird, und selbst, wenn das
Wagenkasten-Neigungssystem  aussetzt, die
Wagenkasten-Aufthangungseinrichtung, wie eine
Luftfeder und dergleichen, an einer hohen Position
nahe am Kastendach h&ngend angeordnet ist, so
dafB sich der Wagenkasten durch die Zentrifugal-
kraft auf nattirliche Weise um ein paar Grad zum
Mittelpunkt der Kurve hinneigt, wahrend das Fahr-
zeug die Kurve durchfahrt, wodurch folglich die
seitliche Normalbeschleunigung am Kastenboden
reduziert und eine extreme Verschlechterung des
Fahrkomforts verhindert wird.

Mit einem Wagenkasten-Neigungssystem ausgeru-
stetes Drehgestell fir ein Eisenbahnfahrzeug nach
einem der Anspriche 1 bis 3, wobei das Wagenka-
sten-Neigungssystem zusétzlich mit einem Wagen-
kasten-Neigungsrickhaltebetatigungselement

zum Zurlickhalten des Wagenkastens in einer neu-
tralen Stellung versehen ist, um zu verhindern, daB
der Kasten in einen umgekehrten Pendelzustand
fallt und sich auf eine Seite (rechts und links) neigt,
wenn die Wagenkasten-Neigungskontrolle aufhért
oder aussetzt.

Revendications

Bogie équipé d'un systéme a basculement de chas-
sis destiné & un véhicule de chemin de fer, compre-
nant :

un ensemble a roue comprenant une roue, un
essieu et une boite d'essieu,

un chassis de bogie supporté sur I'ensemble &
roue,

un socle de support dépassant au-dessus du
chassis de bogie vers une position adjacente a
un toit du chéssis du véhicule,

un organe de basculement disposé a une posi-
tion supérieure du socle et présentant un mou-
vement pendulaire autour d'un centre de
basculement & une partie inférieure du chassis
du véhicule,

un organe de manoeuvre ayant un organe de
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commande de basculement du chassis du
véhicule placé entre le socle de support et
l'organe basculant, et

un dispositif de suspension élastique placé

qu'un ressort pneumatique ou analogue, est
suspendu en position haute proche du toit du
chassis du véhicule afin que ce chassis bas-
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cule naturellement de quelques degrés vers le
centre de la courbe sous l'action de la force
centrifuge lorsque le véhicule passe dans une
courbe, en plus de I'angle de basculement du

entre l'organe basculant et le chassis du véhi- 5 chassis du véhicule produit par le systeme de
cule. basculement du chéssis, avec réduction en
conséquence de l'accélération normale laté-
2. Bogie équipé dun systéme de basculement de rale agissant sur le plancher du chassis du
chassis pour véhicule de chemin de fer, compre- véhicule et en augmentant ainsi le confort de
nant 10 déplacement et, méme lorsque le systéme de
basculement du chéassis du véhicule est en
un ensemble a roue d'un véhicule de chemin panne, le confort de déplacement n'est pas
de fer, considérablement détérioré par I'action de bas-
un chassis de bogie supporté par I'ensemble a culement naturel.
roue par un ressort d'essieu, 15
un systéme a suspension de chassis composé 3. Bogie équipé d'un systéme de basculement de
d'un ressort pneumatique et analogue destiné chassis d'un véhicule de chemin de fer, comprenant
a suspendre un chassis de véhicule, le sys- :
téme de suspension du chassis de véhicule
étant suspendu a une position élevée proche 20 un ensemble a roue d'un véhicule de chemin
du toit de chassis de véhicule, de fer,
un systeme d'inclinaison de chassis de véhi- un chassis de bogie supporté sur I'ensemble &
cule du type a guidage a palier, du type a rou- roue par un ressort d'essieu,
leau ou du type a bielle ou analogue destiné a un systéme de suspension de chassis de véhi-
incliner le chassis du véhicule vers les centres 25 cule composé d'un ressort pneumatique ou
des courbes lorsque le véhicule décrit des analogue destiné a suspendre un chassis de
courbes, véhicule, le systéme de suspension de ce
un systéme de commande de basculement de chassis étant suspendu en position élevée pro-
chassis de véhicule composé d'un vérin che du toit du chassis du véhicule,
hydraulique ou pneumatique et analogue des- 30 un systéme de basculement de chéssis de
tiné a commander le basculement du chassis véhicule du type a guide de palier, du type a
du véhicule, et rouleau ou du type a bielle et analogue destiné
un socle de support fixé sur le chassis de bogie a provoquer le basculement du chassis du
et destiné a suspendre le systéme de suspen- véhicule vers le centre des courbes lorsque le
sion du chassis de véhicule et le systéme de 35 véhicule décrit des courbes,
basculement du chassis de véhicule a une un systéme de commande de basculement de
position proche du toit du chassis du véhicule, chassis de véhicule composé d'un vérin
dans lequel la courbure du guide a hydraulique ou pneumatique et analogue pour
palier ou du guide a rouleau ou une construc- la commande du basculement du chassis, et
tion de bielle du type a bielle est destinée a 40 un socle de support fixé sur le chassis de bogie
positionner le centre de basculement au-des- et destiné a suspendre le systéme de suspen-
sous du centre de gravité du chassis du véhi- sion du chassis de véhicule et le systéme de
cule et au voisinage du niveau du plancher du basculement du chassis du véhicule en posi-
chassis du véhicule lorsque le chassis du véhi- tion élevée proche du toit du chassis du véhi-
cule bascule vers le centre de la courbe, le 45 cule,
centre de gravité du chassis du véhicule se dans lequel la courbure du guide de
déplace vers l'intérieur depuis le centre d'une palier ou du guide du type a rouleau ou une
voie, et empéche ainsi une réduction de la construction de bielle du type a bielle est desti-
charge d'une roue du rail interne et en consé- née a positionner le centre de basculement au-
quence augmente les performances de roule- 50 dessous du centre de gravité du chassis du
ment et augmente aussi le confort de véhicule et au niveau du plancher environ du
déplacement par réduction du mouvement chassis du véhicule, lorsque le chassis du véhi-
latéral du plancher du chassis du véhicule pen- cule bascule vers le centre de la courbe, le
dant une opération de basculement, et le sys- centre de gravité du chassis du véhicule se
téme de suspension du chassis de véhicule, tel 55 déplace vers le centre de la courbe depuis le

centre de la voie, en empéchant ainsi une
réduction de la charge de roue du rail interne et
en conséquence en augmentant les perfor-
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mances de roulement et aussi en améliorant le
confort de déplacement par réduction du mou-
vement latéral du plancher du chassis du véhi-
cule pendant l'opération de basculement et,
méme lorsque le systéme de basculementdu 5
chassis du véhicule est en panne, le systéme

de suspension de ce chassis, par exemple un
ressort pneumatique ou analogue, est sus-
pendu en position haute proche du toit du
chassis du véhicule, si bien que le chassis du 1o
véhicule bascule naturellement de quelques
degrés vers le centre de la courbe sous 'action

de la force centrifuge lorsque le véhicule décrit

la courbe, et réduit en conséquence 'accéléra-

tion normale latérale agissant sur le plancher 15
du chassis du véhicule et empéche une dété-
rioration considérable du confort de déplace-
ment.

4. Bogie équipé d'un systéme de basculement du 20
chassis d'un véhicule de chemin de fer selon l'une
des revendications 1 4 3, dans lequel un organe de
manoeuvre de retenue de basculement de chassis
de véhicule destiné a retenir le chassis du véhicule
en position neutre est ajouté au systéme de bascu- 25
lement du chassis du véhicule pour empécher ce
chassis de tomber & un état de pendule inversé et
de s'incliner d'un c6té (a droite et & gauche) lorsque
la commande de basculement du chéassis a cessé
de fonctionner ou est en panne. 30
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