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(57)  Avibration suppression device that suppresses
vibrationin arailway vehicle 1 includes adamper 9 having
a variable damping force, which extends and compress-
es in accordance with lateral vibration of a vehicle body
10 relative to a bogie 3, first control means that control
the damping force of the damper 9 using sky-hook semi-
active control in order to suppress the lateral vibration of
the vehicle body 10, vertical direction acceleration de-
tecting means 15 that detect acceleration in a vertical
direction of the vehicle body 10, determining means that
determine whether or not lateral vibration has occurred
in the bogie 3 on the basis of the acceleration detected
by the vertical direction acceleration detecting means 15,
second control means that cause the damper 9 to operate
SO as to suppress the lateral vibration of the bogie (3),
and switching control means that switch from the first
control means to the second control means when lateral
vibration is determined to have occurred in the bogie 3.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] Thisinventionrelatesto avibration suppression
device that suppresses vibration in a railway vehicle.

DESCRIPTION OF RELATED ART

[0002] A semi-active suspension that does not require
power is installed in a railway vehicle to suppress aero-
dynamic vibration in a vehicle body.

[0003] As disclosed in JP10-297485A, for example,
this type of semi-active suspension is constituted by an
air spring that absorbs an impact of a vehicle body re-
ceived by a bogie, a damper that extends and compress-
es as the vehicle body vibrates laterally relative to the
bogie, an acceleration sensor that detects acceleration
in a lateral direction of the vehicle body, and a controller
that controls an operation of the damper in accordance
with a detection signal from the acceleration sensor.
[0004] The controller controls the operation of the
damper using the sky-hook semi-active control rule,
whereby the vibration energy of the damper is used to
suppress lateral vibration in the vehicle body.

SUMMARY OF THE INVENTION

[0005] To ensure smooth traveling in a bend section
and suppress deviation to one side of the rails, a tread
on the wheels of the railway vehicle, which contact the
rails rotatably, is provided with a gradient so that the left
and right wheels are respectively oriented toward the in-
side of the rails. Hence, when the railway vehicle travels
along a line section, the bogie tends to be snake motion.
[0006] This snake motion of the bogie is suppressed
by setting the gradient provided on the tread of the wheel
appropriately, setting the hardness of a bush provided
on the suspension appropriately, and so on.

[0007] However, when wear on the tread of the wheel
and deterioration of the bush advance with age, or when
the railway vehicle travels in a location having poor track
conditions, large, high-frequency lateral vibration may
occur in the bogie.

[0008] Inskyhook semi-active control, adamping force
of the damper in a direction that causes the vehicle body
tovibrate is setat zero. Hence, when large, high-frequen-
cy lateral vibration occurs in the bogie of a railway vehicle
installed with a semi-active suspension and sky-hook
semi-active control is performed, lateral vibration of the
vehicle body is suppressed, but since the damping force
of the damper is insufficient, it may be impossible to sup-
press lateral vibration of the bogie sufficiently. In this
case, the vibration of the bogie is superimposed on the
vibration of the vehicle body, and as a result, the pas-
senger comfort of the vehicle deteriorates.

[0009] This invention has been designed in consider-
ation of the problems described above, and itis an object
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thereof to provide a vibration suppression device for a
railway vehicle installed with a semi-active suspension,
which is capable of preventing deterioration of the pas-
senger comfort of the railway vehicle even when lateral
vibration occurs in a bogie.

[0010] In order to achieve above object, this invention
provides a vibration suppression device for a railway ve-
hicle, which suppresses vibration in the railway vehicle.
The vibration suppression device for a railway vehicle
comprises a damper having a variable damping force,
which extends and compresses in accordance with lat-
eral vibration of a vehicle body relative to a bogie, first
control means that control the damping force of the damp-
er using sky-hook semi-active control in order to sup-
press the lateral vibration of the vehicle body, vertical
direction acceleration detecting means that detect accel-
eration in a vertical direction of the vehicle body, deter-
mining means that determine whether or not lateral vi-
bration has occurred in the bogie on the basis of the ac-
celeration detected by the vertical direction acceleration
detecting means, second control means that cause the
damper to operate so as to suppress the lateral vibration
of the bogie and switching control means that switch from
the first control means to the second control means when
lateral vibration is determined to have occurred in the
bogie.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a system diagram of a vibration sup-
pression device for a railway vehicle according to an em-
bodiment of this invention.

[0012] FIG. 2 is a constitutional diagram of a variable
damping force damper.

[0013] FIG. 3 is a flowchart showing a control proce-
dure for determining whether or not lateral vibration has
occurred in a bogie.

[0014] FIG. 4 is a flowchart showing a control proce-
dure for determining whether or not the lateral vibration
in the bogie has been eliminated.

PREFERRED EMBODIMENTS OF THE INVENTION

[0015] Embodiments of this invention will be described
below with reference to the drawings.

[0016] A vibration suppression device according to an
embodiment of this invention is installed in a railway ve-
hicle 1 shown in FIG. 1.

[0017] The railway vehicle 1 comprises a bogie 3 that
travels along a pair of rails 2 extending in parallel, and a
vehicle body 10 that is supported by the bogie 3 and
carries people and objects.

[0018] Onebogie 3is provided ateach of afrontportion
and a rear portion of the vehicle body 10. The bogie 3
comprises left and right wheels 4 that roll along the pair
of rails 2, an axle 5 that supports the wheels 4 rotatably,
abogie frame 6 that is supported by the axle 5 and carries
the vehicle body 10, and left and right suspension springs
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7 that are interposed between the axle 5 and the bogie
frame 6 and absorb vertical direction movement of the
axle 5.

[0019] The wheel 4 has a tread 4a that contacts the
rail 2 rotatably. The tread 4a is provided with a gradient
that inclines relative to a rotary central axis of the wheel
4 to ensure smooth traveling in bend sections and sup-
press deviation to one side of the rail 2. The gradient of
the left and right wheels 4 is formed such that the left and
right wheels 4 are respectively oriented toward the inside
of the left and right rails 2 by gravity of the railway vehicle
1.

[0020] Left and right air springs 8 are interposed be-
tween the bogie frame 6 and the vehicle body 10. The
air springs 8 support the vehicle body 10 relative to the
bogie 3, and absorb vertical direction movement of the
bogie 3.

[0021] A damper 9 is disposed between the bogie 3
and the vehicle body 10. The damper 9 extends and com-
presses in a horizontal lateral direction (to be referred to
hereafter as a "lateral direction") relative to an advance-
ment direction of the railway vehicle 1 in order to suppress
vibration in the lateral direction of the vehicle body 10.
[0022] The damper 9 is a variable damping force
damper in which a resistance applied to hydraulic oil (hy-
draulic fluid) that flows as the damper 9 extends and com-
presses is variable, and forms a semi-active suspension.
The damping force of the damper 9 is switched continu-
ously by signals output from a controller 20 installed in
the vehicle.

[0023] Thecontroller 20is constituted by a CPU, ROM,
RAM, and so on, and controls an operation of the damper
9 on the basis of signals from various sensors.

[0024] The vehicle body 10 is provided with an accel-
eration sensor 15 serving as means for detecting accel-
eration of the vehicle body 10. An acceleration signal
detected by the acceleration sensor 15 is output to the
controller 20.

[0025] The acceleration sensor 15 detects biaxial ac-
celeration, i.e. acceleration ax in the lateral direction of
the vehicle body 10 and acceleration az in the vertical
direction of the vehicle body 10. It should be noted that
the acceleration ax and the acceleration az may be de-
tected by provided two acceleration sensors that each
detect acceleration on a single axis as the means for
detecting acceleration of the vehicle body 10.

[0026] Next, referring to FIG. 2, the damper 9 will be
described.

[0027] The damper 9 comprises a cylinder 32 in which
hydraulic oil is sealed, a piston 34 accommodated slid-
ably within the cylinder 32, and arod 33, one end of which
is coupled to the piston 34 and another end of which
extends to the external cylinder 32. The cylinder 32 is
connected to one of the bogie 3 and the vehicle body 10,
andtherod 33 is connected to the other. When the vehicle
body 10 displaces relative to the bogie 3 in the lateral
direction, the piston 34 slides within the cylinder 32.
[0028] Theinternal cylinder 32 is partitioned by the pis-
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ton 34 into a rod side pressure chamber 35 and an end
side pressure chamber 36. Further, a tank chamber 37
which is independent of the rod side pressure chamber
35 and the end side pressure chamber 36 is provided in
the internal of the cylinder 32.

[0029] The damper 9 comprises a uniflow passage 41
that leads the hydraulic oil from the rod side pressure
chamber 35 into the tank chamber 37, an extension side
check valve 51 that is provided in a passage connecting
the end side pressure chamber 36 to the tank chamber
37 and only allows the hydraulic oil to flow from the tank
chamber 37 into the end side pressure chamber 36, a
compression side check valve 52 that is provided on the
piston 34 and only allows the hydraulic oil to flow from
the end side pressure chamber 36 to the rod side pres-
sure chamber 35, and an orifice 53 thatapplies resistance
to hydraulic oil flowing through a passage that connects
the rod side pressure chamber 35 to the tank chamber 37.
[0030] A solenoid proportional relief valve 42 and a
damping valve 43 are equipped in series in the uniflow
passage 41 together with an electromagnetic switch
valve 44 that selectively leads the hydraulic oil to the
solenoid proportional relief valve 42 or the damping valve
43. Avalve-opening pressure of the solenoid proportional
relief valve 42 is set in accordance with a signal output
from the controller 20. The damping valve 43 generates
a damping force that is proportionate to the piston speed
of the damper 9. The position of the electromagnetic
switch valve 44 is switched by a signal output from the
controller 20.

[0031] The damper9comprisesacommunication pas-
sage 45 that connects the rod side pressure chamber 35
to the end side pressure chamber 36. An extension side
unloading valve 46 having a valve-opening position 46a
in which the damper 9 is unloaded during an extension
side stroke of an extension/compression operation of the
damper 9 is interposed in the communication passage
45,

[0032] The damper 9 also comprises acommunication
passage 47 that connects the end side pressure chamber
36 to the tank chamber 37. A compression side unloading
valve 48 having a valve-opening position 48a in which
the damper 9 is unloaded during a compression side
stroke of the extension/compression operation of the
damper 9 is interposed in the communication passage
47.

[0033] The extension side unloading valve 46 and
compression side unloading valve 48 operate during sky-
hook semi-active control, and are opened and closed in
accordance with a signal output by the controller 20.
[0034] Next, an operation of the damper 9 will be de-
scribed.

[0035] First, a case in which the damper 9 does not
perform skyhook semi-active control will be described.
[0036] The controller 20 closes both the extension side
unloading valve 46 and the compression side unloading
valve 48 such that these two valves are OFF. Further,
the controller 20 controls the solenoid proportional relief
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valve 42 to a constant valve-opening pressure by switch-
ing the electromagnetic switch valve 44 to a position in
which the hydraulic oil is led to the solenoid proportional
relief valve 42. Hence, when skyhook semi-active control
is not performed, the damper 9 functions as a passive
damper.

[0037] In the compression side stroke of the damper
9, the extension side check valve 51 closes and the com-
pression side check valve 52 opens such that an amount
of hydraulic oil corresponding to an infiltration volume of
the rod 33 flows from the rod side pressure chamber 35
into the tank chamber 37 through the orifice 53 and the
uniflow passage 41.

[0038] In the extension side stroke of the damper 9,
the compression side check valve 52 closes and the ex-
tension side check valve 51 opens such that the hydraulic
oil in the rod side pressure chamber 35 flows from the
tank chamber 37 into the end side pressure chamber 36
through the orifice 53 and the uniflow passage 41.
[0039] The area ratio of the piston 34 and the rod 33
is set at 2:1, and therefore the flow rate of the hydraulic
oil that flows out of the rod side pressure chamber 35 is
equal in the compression side stroke and the extension
side stroke of the damper 9. In other words, the flow rate
of the hydraulic oil flowing through the orifice 53 and the
uniflow passage 41 is equal in the compression side
stroke and the extension side stroke, and therefore an
identical damping characteristic is obtained.

[0040] Hence, when the damper 9 does not perform
skyhook semi-active control, the damper 9 enters an on-
load state, in which damping force is generated, during
both the extension side stroke and the compression side
stroke.

[0041] It should be noted that when an abnormality or
the like occurs in the controller 20, the electromagnetic
switch valve 44 is switched to a position in which the
hydraulic oil is led to the damping valve 43, whereby the
damper 9 functions as a passive damper having a con-
stant damping coefficient.

[0042] Next, a case in which the damper 9 performs
skyhook semi-active control will be described.

[0043] During sky-hook semi-active control, the con-
troller 20 opens one of the extension side unloading valve
46 and the compression side unloading valve 48 to switch
that valve ON, and closes the other valve to switch that
valve OFF. Further, the controller 20 controls the valve-
opening pressure of the solenoid proportional relief valve
42 by switching the electromagnetic switch valve 44 to a
position in which the hydraulic oil is led to the solenoid
proportional relief valve 42.

[0044] During sky-hook semi-active control in which
the extension side unloading valve 46 is opened to be
ON and the compression side unloading valve 48 is
closedto be OFF, the hydraulic oilinthe rod side pressure
chamber 35 flows into the end side pressure chamber
36 through the extension side unloading valve 46 in the
extension side stroke of the damper 9. Accordingly, the
damping force generated by the damper 9 becomes ex-
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tremely low due to pressure loss in the passage. In the
compression side stroke of the damper 9, on the other
hand, the hydraulic oil in the rod side pressure chamber
35 flows into the tank chamber 37 through the uniflow
passage 41, and a damping force based on a control
command is generated by the solenoid proportional relief
valve 42.

[0045] During sky-hook semi-active control in which
the extension side unloading valve 46 is closed to be
OFF and the compression side unloading valve 48 is
openedto be ON, the hydraulic oil in the rod side pressure
chamber 35 flows into the end side pressure chamber
36 through the uniflow passage 41 in the extension side
stroke of the damper 9, and a damping force based on
a control command is generated by the solenoid propor-
tional relief valve 42. In the compression side stroke of
the damper 9, on the other hand, the hydraulic oil in the
end side pressure chamber 36 flows into the tank cham-
ber 37 through the compression side unloading valve 48.
Accordingly, the damping force generated by the damper
9 becomes extremely low due to pressure loss in the
passage.

[0046] Hence, by switching one of the extension side
unloading valve 46 and the compression side unloading
valve 48 ON during skyhook semi-active control, adamp-
ing force can be generated in only one of the extension
side stroke and the compression side stroke.

[0047] Next, skyhook semi-active control (first control
means) will be described in detail.

[0048] Inthe sky-hook semi-active control law, itis im-
agined that an immobile side wall is present on the side
of the vehicle body 10 and an imaginary damper is dis-
posed between the side wall and the vehicle body 10.
When the direction of the damping force generated by
the imaginary damper is identical to the direction of the
damping force generated by the damper 9, the damping
force generated by the imaginary damper is generated
as the damping force of the damper 9. Further, when the
direction of the damping force generated by the imagi-
nary damper is opposite to the direction of the damping
force generated by the damper 9, the damping force of
the damper 9 is set to be extremely low.

[0049] As an example of sky-hook semi-active control,
a damping force F is calculated by the controller 20 in
the following manner, where X is a lateral direction dis-
placement of the vehicle body 10, Y is a lateral direction
displacement of the bogie 3, dX/dt is a lateral direction
absolute velocity of the vehicle body 10, d (X-Y)/dt is a
lateral direction relative velocity between the vehicle
body 10 and the bogie 3, and Cs is a sky-hook damping
coefficient. The lateral direction absolute velocity dX/dt
of the vehicle body 10 is calculated by subjecting the
lateral direction acceleration ax of the vehicle body 10,
which is detected by the acceleration sensor 15, to inte-
gration processing in the controller 20. Further, the lateral
direction relative velocity d (X-Y)/dt between the vehicle
body 10 and the bogie 3 is detected by a stroke sensor
or the like that detects the stroke of the damper 9.
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[0050] When (dX/dt) x {d (X-Y)/dt} = O, the damping
force F is calculated using the following Equation (1).
[0051] F =CS x (dX/dt) (1)

[0052] When (dX/dt) x {d (X-Y)/dt} < 0O, the damping
force F is calculated as close to zero using the following
Equation (2).

[0053] F=0(2)

[0054] The damping force F calculated by the control-
ler 20 is output to the damper 9 as a control command.
The damper 9 then controls the operations of various
valves, such as the extension side unloading valve 46,
the compression side unloading valve 48, and the sole-
noid proportional relief valve 42, in the manner described
above to generate the damping force F corresponding to
the control command.

[0055] In a normal passive damper, a damping force
corresponding to the piston speed of the damper is gen-
erated irrespective of the extension/compression direc-
tion. Therefore, depending on the vibration direction of
the bogie 3 and vehicle body 10, vibration in the vehicle
body 10 may actually increase. In sky-hook semi-active
control, the damping force of the damper 9 in the direction
that causes the vehicle body 10 to vibrate is controlled
toavalue as close to zero by the extension side unloading
valve 46 and compression side unloading valve 48, as
shown above in Equation (2). More specifically, when the
vibration direction of the bogie 3 and vehicle body 10 is
identical but the speed of the bogie 3 exceeds the speed
of the vehicle body 10, the damping force F of the damper
9 is controlled to a value as close to zero to ensure that
the lateral vibration of the bogie 3 is not transmitted to
the vehicle body 10.

[0056] When wear on the tread 4a of the wheel 4 and
deterioration of the bush advance with age, or when
travelingin a location having poor track conditions, lateral
vibration, which is large, high-frequency rolling, may oc-
cur in the bogie 3.

[0057] When lateral vibration occurs in the bogie 3 and
sky-hook semi-active control is performed similarly to
normal travel, the damping force of the damper 9 in the
direction that causes the vehicle body 10 to vibrate is set
at zero, and therefore a force for suppressing the lateral
vibration does not act on the bogie 3. As a result, lateral
vibration of the bogie 3 may be encouraged, and in this
case, the lateral vibration of the bogie 3 is superimposed
on the lateral vibration of the vehicle body 10 such that
high speed travel of the railway vehicle 1 is impaired.
[0058] To deal with this problem, the controller 20 de-
termines whether or not lateral vibration has occurred in
the bogie 3, and having determined the presence of lat-
eral vibration in the bogie 3, the controller 20 switches
the control mode of the damper 9 from skyhook semi-
active control to a control mode (second control means)
in which the damper 9 acts to suppress the lateral vibra-
tion of the bogie 3.

[0059] More specifically, during normal travel in which
lateral vibration does not occur in the bogie 3, the con-
troller 20 causes the damper 9 to perform sky-hook semi-
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active control by calculating the damping force F on the
basis of Equations (1) and (2) described above to sup-
press lateral vibration of the vehicle body 10. In other
words, the controller 20 controls the damping force of the
damper 9 in accordance with the lateral direction abso-
lute velocity dX/dt of the vehicle body 10.

[0060] Ontheotherhand, when lateral vibration occurs
in the bogie 3, the controller 20 makes an opening com-
mand issued to the solenoid proportional relief valve 42
constant and switches both the extension side unloading
valve 46 and the compression side unloading valve 48
OFF. As a result, sky-hook semi-active control is halted,
and the damper 9 functions as a passive damper that
generates damping force in accordance with the relative
velocity between the bogie 3 and the vehicle body 10,
regardless of the lateral direction absolute velocity dX/dt
of the vehicle body 10. Thus, the damper 9 acts to sup-
press the lateral vibration of the bogie 3. It should be
noted that by constituting the solenoid proportional relief
valve 42 to operate mechanically such that the damping
force generated by the damper 9 becomes constant, lat-
eral vibration in the bogie 3 can be suppressed more
effectively.

[0061] Hence, during normal travel, the damping force
of the damper 9 is generated in accordance with the lat-
eral direction speed of the vehicle body 10 through sky-
hook semi-active control, and when lateral vibration oc-
curs in the bogie 3, the damping force of the damper 9
is generated according to the relative velocity between
the bogie 3 and the vehicle body 10.

[0062] Next, a method of determining whether or not
lateral vibration has occurred in the bogie 3 will be de-
scribed.

[0063] When lateral vibration occurs in the bogie 3, the
bogie 3 meanders, causing the vehicle body 10 to oscil-
late in the lateral direction, the vehicle body frame 6 to
oscillate in the vertical direction via the suspension
springs 7 due to the gradient provided on the tread 4a of
the wheels 4. As a result, the vehicle body 10 oscillates
in the vertical direction via the air springs 8. If skyhook
semi-active control is performed by the damper 9 at this
time, a lateral direction acceleration amplitude (acceler-
ation variation) Ax of the vehicle body 10 is suppressed
to be small, but a vertical direction acceleration amplitude
(acceleration variation) Az of the vehicle body 10 cannot
be suppressed.

[0064] Therefore, by detecting the vertical direction ac-
celeration amplitude Az of the vehicle body 10 together
with the lateral direction acceleration amplitude Ax of the
vehicle body 10, it is possible to determine accurately
that lateral vibration has occurred in the bogie 3. The
controller 20 determines whether or not lateral vibration
has occurred in the bogie 3 on the basis of the lateral
direction acceleration ax of the vehicle body 10 and the
vertical direction acceleration az of the vehicle body 10,
which are detected by the acceleration sensor 15.
[0065] Next, a control procedure for determining
whether or not lateral vibration has occurred in the bogie
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3 will be described with reference to a flowchart shown
in FIG. 3. The following procedure is executed by the
controller 20.

[0066] First, in a step 1, the detection signal detected
by the acceleration sensor 15 is subjected to filter
processing to read the lateral direction acceleration ax
and vertical direction acceleration az of the vehicle body
10.

[0067] Next,inastep 2, the acceleration amplitude Ax,
which is the difference between a maximum value Max
(ax) and a minimum value Min (ax) of the acceleration
ax read within a predetermined time period, is calculated.
Further, the acceleration amplitude Az, which is the dif-
ference between a maximum value Max (az) and a min-
imum value Min (az) of the acceleration az read within a
predetermined time period, is calculated in a similar man-
ner.

[0068] Next, in astep 3, a determination is made as to
whether or not a sum aAx+3Az of aAx, which is obtained
by multiplying a lateral direction acceleration weighting
coefficient a by the lateral direction acceleration ampli-
tude Ax, and BAz, which is obtained by multiplying a ver-
tical direction acceleration weighting coefficient 8 by the
vertical direction acceleration amplitude Az, is equal to
or greater than a predetermined reference value Max1.
[0069] When it is determined in the step 3 that
0Ax+BAz is smaller than the reference value Max1, the
routine advances to a step 8, where an abnormality count
value Cz is cleared.

[0070] When it is determined in the step 3 that
aAx+BAz is equal to or greater than the reference value
Max1, the routine advances to a step 4, where the ab-
normality count value Cz is incremented by one.

[0071] Next, inastep 5, adetermination is made as to
whether or not the count value Cz has reached a prede-
termined determination value Cza.

[0072] Whenitisdeterminedinthe step 5thatthe count
value Cz has reached the determination value Cza, it is
determined that lateral vibration has occurred in the bogie
3, and therefore the routine advances to a step 6, where
a lateral vibration occurrence determination bit B is es-
tablished.

[0073] Finally, in a step 7, the abnormality count value
Cz is initialized, whereupon the routine is terminated.
Thereatter, the procedure described above is repeated.
[0074] When the lateral vibration occurrence determi-
nation bit B is established in the manner described above,
the control mode of the damper 9 is switched (switching
control means) in a separate routine from sky-hook semi-
active control to the control mode in which the damper 9
acts to suppress the lateral vibration of the bogie 3. As
a result, the lateral vibration of the bogie 3 is suppressed
by the operation of the damper 9, and thus the traveling
stability of the railway vehicle 1 is increased.

[0075] Inthe above description, the occurrence of lat-
eral vibration in the bogie 3 is determined on the basis
of both the lateral direction acceleration ax of the vehicle
body 10 and the vertical direction acceleration az of the

10

15

20

25

30

35

40

45

50

55

vehicle body 10, but as noted above, when skyhook semi-
active control is performed by the damper 9, the lateral
direction acceleration amplitude Ax of the vehicle body
10 is suppressed to be small. Therefore, the occurrence
of lateral vibration in the bogie 3 may be determined using
only the vertical direction acceleration amplitude Az,
which is not easily affected by sky-hook semi-active con-
trol. More specifically, the number of times that the ac-
celeration amplitude Az reaches or exceeds a reference
value may be counted such that when the count value
reaches a determination value, it is determined that lat-
eral vibration has occurred in the bogie 3.

[0076] As another parameter for determining the oc-
currence of lateral vibration in the bogie 3, the number
of times that either value of the vertical direction accel-
eration amplitude Az and lateral direction acceleration
amplitude Ax of the vehicle body 10 reaches or exceeds
a reference value may be counted such that when the
count value reaches a determination value, it is deter-
mined that lateral vibration has occurred in the bogie 3.
[0077] As another parameter for determining the oc-
currence of lateral vibration in the bogie 3, the number
of times that the values of both the vertical direction ac-
celeration amplitude Az and lateral direction acceleration
amplitude Ax reach or exceed a reference value may be
counted such that when the count value reaches a de-
termination value, it is determined that lateral vibration
has occurred in the bogie 3.

[0078] As a further parameter for determining the oc-
currence of lateral vibration in the bogie 3, a sum ax+az
of the lateral direction acceleration ax and the vertical
direction acceleration az may be used, and the number
of times that this sum ax+az reaches or exceeds a ref-
erence value may be counted such that when the count
value reaches a determination value, itis determined that
lateral vibration has occurred in the bogie 3.

[0079] Next, a control procedure for determining
whether or not lateral vibration in the bogie 3 has been
eliminated will be described with reference to a flowchart
shown in FIG. 4. The following procedure is executed by
the controller 20.

[0080] First, inastep 11, the detection signal detected
by the acceleration sensor 15 is subjected to filter
processing to read the lateral direction acceleration ax
and vertical direction acceleration az of the vehicle body
10.

[0081] Next, in a step 12, the acceleration amplitude
Ax, which is the difference between the maximum value
Max (ax) and minimum value Min (ax) of the acceleration
ax read within a predetermined time period, is calculated.
Further, the acceleration amplitude Az, which is the dif-
ference between the maximum value Max (az) and min-
imum value Min (az) of the acceleration az read within a
predetermined time period, is calculated in a similar man-
ner.

[0082] Next, in a step 13, a determination is made as
to whether or not the sum aAx+BAz of aAx, which is ob-
tained by multiplying the lateral direction acceleration
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weighting coefficient a by the lateral direction accelera-
tion amplitude Ax, and Az, which is obtained by multi-
plying the vertical direction acceleration weighting coef-
ficient P by the vertical direction acceleration amplitude
Az, is equal to or smaller than a predetermined reference
value Min1.

[0083] When it is determined in the step 13 that
0Ax+BAz is larger than the reference value Minl, the
routine advances to a step 18, where an abnormality
count value Rz is cleared.

[0084] When it is determined in the step 13 that
0aAx+BAz is equal to or smaller than the reference value
Min1, the routine advances to a step 14, where the ab-
normality count value Rz is incremented by one.

[0085] Next, in a step 15, a determination is made as
to whether or not the count value Rz has reached a pre-
determined determination value Rza.

[0086] When it is determined in the step 15 that the
countvalue Rz hasreached the determination value Rza,
it is determined that lateral vibration in the bogie 3 has
been eliminated, and therefore the routine advances to
a step 16, where the lateral vibration occurrence deter-
mination bit B is cleared.

[0087] Finally,inastep17,the abnormality countvalue
Rz is initialized, whereupon the routine is terminated.
Thereafter, the procedure described above is repeated.
[0088] When the lateral vibration occurrence determi-
nation bit B is cleared in the manner described above,
the control of the damper 9 is returned to skyhook semi-
active control in a separate routine. In so doing, lateral
vibration of the vehicle body 10 is suppressed by an op-
eration of the damper 9, and thus passenger comfort is
maintained in a favorable state.

[0089] According tothe embodiment described above,
the following actions and effects are exhibited.

[0090] During normal travel, lateral vibration of the ve-
hicle body 10 is suppressed by subjecting the damping
force of the damper 9 to skyhook semi-active control,
thereby maintaining the passenger comfortin afavorable
state. On the other hand, when high-frequency lateral
vibration occurs in the bogie 3, the operation of the damp-
er 9 is switched, and as a result, the high-frequency lat-
eral vibration of the bogie 3 is suppressed, enabling an
improvement in the traveling stability of the railway vehi-
cle 1. Hence, deterioration of the passenger comfort of
the railway vehicle 1 can be prevented even when lateral
vibration occurs in the bogie 3.

[0091] Further, when lateral vibration occurs in the bo-
gie 3, the damper 9 functions as a passive damper having
a constant damping force, and therefore the lateral vi-
bration of the bogie 3 is suppressed by the damping force
generated by the damper 9, leading to an improvement
in the traveling stability of the railway vehicle 1.

[0092] Further, when lateral vibration occurs in the bo-
gie 3, both the extension side unloading valve 46 and the
compression side unloading valve 48 are closed to OFF
such that the damper 9 does not enter an unloaded state
during an extension/compression operation. Therefore,
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the damper 9 generates damping force in both the com-
pression side stroke and the extension side stroke,
whereby lateral vibration of the bogie 3 is suppressed,
enabling an improvement in the traveling stability of the
railway vehicle 1.

[0093] Further, the occurrence of lateral vibration in
the bogie 3 is determined on the basis of an acceleration
detection signal, which is detected by the acceleration
sensor 15 provided in the vehicle body 10. Hence, there
is no need to provide the bogie 3 with an acceleration
sensor or the like, and as a result, increases in the cost
of the device can be suppressed.

[0094] Further, when skyhook semi-active control is
performed by the damper 9, the lateral direction accel-
eration amplitude of the vehicle body 10 is suppressed
to be small, but the vertical direction acceleration ampli-
tude of the vehicle body 10 cannot be suppressed. There-
fore, by determining whether or not lateral vibration has
occurred in the bogie 3 on the basis of the vertical direc-
tion acceleration of the vehicle body 10, it is possible to
determine accurately whether or not lateral vibration has
occurred in the bogie 3.

[0095] Moreover, when the occurrence of lateral vibra-
tion in the bogie 3 is determined on the basis of both the
lateral direction acceleration and the vertical direction ac-
celeration of the vehicle body 10, which are detected by
the biaxial acceleration sensor 15, the occurrence of lat-
eral vibration in the bogie 3 can be determined even more
accurately.

[0096] Other embodiments are illustrated below.
[0097] (1) When lateral vibration occurs in the bogie
3, sky-hook semi-active control may be continued such
that the damping force F of the damper 9 is calculated
on the basis of Equation (1)