DESCRIPTION
Title of Invention: BOGIE FOR RAILCAR

Technical Field

[0001] The present invention relates to a bogie supporting a carbody of a railcar.
Background Art

[0002] In a railcar, a carbody is supported by a bogie. In recent years, railcars such as an

LRV (Light Rail Vehicle) are spreading, and bogies for realizing a low floor of the railcar are
desired. A bogie of PTL 1 realizes the low floor in such a manner that a bogie frame
constituted by side sills and a cross beam is formed in a concave shape in a front view.

[0003] On the other hand, the bogies are also desired to secure ride quality and traveling
safety. According to a bogie of PTL 2, a bearing is provided between a cross beam and each of
a pair of side sills, and the side sills are supported by the cross beam so as to be rotatable about a
rotation axis extending in a car width direction (sleeper direction). According to this, even if
there is, for example, irregularity of the height of a track, the left and right side sills relatively
rotate about the rotation axis of the bearing portion, so that followability of wheels with respect
to the track improves, and force (wheel load) applied from the wheels to the track in a vertical

direction stabilizes. Thus, derailment can be prevented.

Citation List

Patent Literature

[0004] PTL 1: Japanese Laid-Open Patent Application Publication No. 2010-274685
PTL 2: Japanese Laid-Open Patent Application Publication No. 2011-148367

Summary of Invention

Technical Problem

[0005] According to PTL 2, since the left and right side sills can swing asymmetrically in
the vertical direction, a decrease of wheel load is prevented. However, PTL 2 does not consider
a reduction in force (lateral force) applied from the track to the wheels in the car width direction.
If a ratio Q/P (derailment coefficient) of lateral force (Q) to wheel load (P) becomes a
predetermined value or more, a possibility that flanges of the wheels get on the track and
derailment occurs increases. Therefore, to effectively prevent the derailment, desired is a

configuration which can prevent the decrease of wheel load and adequately reduce the lateral

force.



[0006] Further, a bogie which realizes a weight reduction and the low floor while securing
the traveling safety is desired. According to the bogie of PTL 1, the low floor is realized.
However, the bogie frame has a complex configuration, and the weight reduction is not realized.
[0007] An object of the present invention is to provide a bogie which secures traveling

safety while realizing a low floor and a weight reduction.

Solution to Problem

[0008] A bogie for a railcar according to one aspect of the present invention includes: a first
axle box accommodating a first bearing supporting a first axle such that the first axle is rotatable;
a second axle box accommodating a second bearing supporting a second axle such that the
second axle is rotatable; a cross beam extending in a car width direction, a pressing member
being provided on a lower side of the cross beam; a plate spring extending in a car longitudinal
direction in a state where a first end portion of the plate spring is supported by the first axle box,
and a second end portion of the plate spring is supported by the second axle box, the plate spring
supporting the pressing member from below so as to be displaceable relative to the pressing
member; a first upper link extending in the car longitudinal direction to connect the cross beam
and the first axle box and including a first end portion elastically coupled to the first axle box; a
first lower link extending in the car longitudinal direction to connect the cross beam and the first
axle box and including a first end portion elastically coupled to the first axle box; a second upper
link extending in the car longitudinal direction to connect the cross beam and the second axle
box and including a first end portion elastically coupled to the second axle box; and a second
lower link extending in the car longitudinal direction to connect the cross beam and the second
axle box and including a first end portion elastically coupled to the second axle box, a first upper
coupling point where the first end portion of the first upper link and the first axle box are
coupled to each other and a first lower coupling point where the first end portion of the first
lower link and the first axle box are coupled to each other being arranged on a first virtual
straight line passing through a center of the first axle in a side view, a second upper coupling
point where the first end portion of the second upper link and the second axle box are coupled to
each other and a second lower coupling point where the first end portion of the second lower link
and the second axle box are coupled to each other being arranged on a second virtual straight line
passing through a center of the second axle in the side view.

[0009] According to the above configurations, the links serving as the coupling members
connecting the cross beam and the axle boxes and the plate spring supporting the pressing

member of the cross beam from below have simple configurations extending in the car



longitudinal direction. Therefore, the low floor of the railcar can be easily realized by lowering
the position of the cross beam, and the weight reduction can be realized. Further, the first upper
link and the first lower link are elastically coupled to the first axle box, and the second upper link
and the second lower link are elastically coupled to the second axle box. Therefore, the first
and second axles can be angularly displaced relative to the cross beam in the steering direction.
Then, the coupling point where the first end portion of the first upper link and the first axle box
are coupled to each other and the coupling point where the first end portion of the first lower link
and the first axle box are coupled to each other are arranged on the first virtual straight line
passing through the center of the first axle in the side view, and the coupling point where the first
end portion of the second upper link and the second axle box are coupled to each other and the
coupling point where the first end portion of the second lower link and the second axle box are
coupled to each other are arranged on the second virtual straight line passing through the center
of the second axle in the side view. Therefore, even when the bogie travels in any direction
along the car longitudinal direction (even when the bogie travels forward or backward), the axles
are naturally and smoothly steered (turned) along a leftward/rightward direction curve of the
track using the virtual straight lines as reference lines. On this account, the lateral force from
the track can be reduced. Further, the plate spring supports the pressing member, provided at
the cross beam, so as to be displaceable relative to the pressing member. The first axle box and
the cross beam are connected to each other by a pair of upper and lower links, and the second
axle box and the cross beam are connected to each other by a pair of upper and lower links.
Therefore, twisting force is hardly transferred between the cross beam and the plate spring, and
the axle boxes of the bogie can be independently and smoothly displaced in the vertical direction.
On this account, the wheels easily follow, for example, ups and downs of the track. Thus, the

decrease of wheel load can be effectively prevented.

Advantageous Effects of Invention

[0010] As is clear from the above explanation, the present invention can secure the traveling

safety while realizing the low floor and the weight reduction.

Brief Description of Drawings

[0011] Fig. 1 is a side view showing a bogie for a railcar according to Embodiment 1.
Fig. 2 is a plan view showing the bogie of Fig. 1. An upper half of Fig. 2 is a

diagram when viewed from below, and a lower half of Fig. 2 is a diagram when viewed from

above.



Fig. 3 is a diagram showing a cross beam of the bogie of Fig. 1 when viewed from a
car longitudinal direction.

Fig. 4 is a side view showing the bogie for the railcar according to Embodiment 2.

Fig. 5 is a plan view showing the bogie of Fig. 4. An upper half of Fig. Sisa
diagram when viewed from below, and a lower half of Fig. 5 is a diagram when viewed from
above.

Fig. 6 is a sectional view taken along line VI-VI of Fig. 5.

Fig. 7 is a sectional view taken along line VII-VII of Fig. 6.

Fig. 8 is a sectional view taken along line VIII-VIII of Fig. 7.

Fig. 9 is an enlarged schematic side view showing a state where an axle box and
links are coupled to one another in the bogie for the railcar according to Embodiment 3.

Fig. 10 is a side view showing the bogie for the railcar according to Embodiment 4.

Fig. 11 is a side view showing the bogie for the railcar according to Embodiment 5.

Description of Embodiments
[0012] Hereinafter, embodiments will be explained in reference to the drawings. In the
following explanation, a direction in which a railcar travels, that is, a length direction in which a
carbody extends is defined as a car longitudinal direction, and a crosswise direction orthogonal
to the car longitudinal direction is defined as a car width direction (It should be noted that the car
longitudinal direction may also be referred to as a forward/rearward direction, and the car width
direction may also be referred to as a leftward/rightward direction.). Further, in the drawings,
the same reference signs are used for the same components.
[0013] Embodiment 1

Fig. 1 is a side view showing a bogie 1 for a railcar according to Embodiment 1.
Fig. 2 is a plan view showing the bogie 1 of Fig. 1. An upper half of Fig. 2 is a diagram when
viewed from below, and a lower half of Fig. 2 is a diagram when viewed from above. Fig. 3 is
a diagram showing a cross beam 5 of the bogie 1 of Fig. 1 when viewed from the car
longitudinal direction. As shown in Figs. 1 to 3, the bogie 1 for the railcar includes a bogie
frame 4 supporting a carbody 3 through a pair of left and right air springs 2 serving as secondary
suspensions. The bogie frame 4 includes the cross beam 5 extending in the car width direction
and supporting the carbody. A first wheelset 6 is arranged in front of the cross beam 5, and a
second wheelset 7 is arranged behind the cross beam 5. The first wheelset 6 includes: a first
axle 8 extending in the car width direction; and first wheels 10 fixed to both respective sides of

the first axle 8. The second wheelset 7 includes: a second axle 9 extending in the car width



direction; and second wheels 11 fixed to both respective sides of the second axle 9.

[0014] First bearings 12 are provided at both respective car width direction end portions of
the first axle 8 and support the first axle 8 such that the first axle 8 is rotatable. Second
bearings 13 are provided at both respective car width direction end portions of the second axle 9
and support the second axle 9 such that the second axle 9 is rotatable. ~The first bearings 12 are
accommodated in respective first axle boxes 14, and the second bearings 13 are accommodated
in respective second axle boxes 15. Each of plate springs 16 extending in the car longitudinal
direction is provided between the first axle box 14 and the second axle box 15. The plate spring
16 is formed by, for example, fiber-reinforced resin. Longitudinal direction middle portions
16a of the plate springs 16 support both respective car width direction end portions Sa of the
cross beam 5 from below so as to be separable from the car width direction end portions 5a. A
longitudinal direction first end portion 16b and a longitudinal direction second end portion 16¢
of the plate spring 16 are supported from below by the first axle box 14 and the second axle box
15, respectively. To be specific, the plate spring 16 achieves a function of a primary suspension
and a part of a function of a conventional side sill.

[0015] The first axle box 14 includes: a first main body portion 14a accommodating the first
bearing 12; and a first spring supporting portion 14b projecting from the first main body portion
14a toward a middle side in the car longitudinal direction and supporting the first end portion
16b of the plate spring 16 from below. The second axle box 15 includes: a second main body
portion 15a accommodating the second bearing 13; and a second spring supporting portion 15b
projecting from the second main body portion 15a toward the middle side in the car longitudinal
direction and supporting the second end portion 16¢ of the plate spring 16 from below. The
first end portion 16b of the plate spring 16 is supported by the first spring supporting portion 14b
from below, and the second end portion 16¢ of the plate spring 16 is supported by the second
spring supporting portion 15b from below. Specifically, a first multi-layer rubber 17 is
provided on the first spring supporting portion 14b, and a second multi-layer rubber 18 is
provided on the second spring supporting portion 15b. A first receiving seat 19 is provided on
the first multi-layer rubber 17, and a second receiving seat 20 is provided on the second
multi-layer rubber 18. The first end portion 16b of the plate spring 16 is provided on the first
receiving seat 19, and the second end portion 16¢ of the plate spring 16 is provided on the second
receiving seat 20.

[0016] Pressing members 21 each including a pressing surface 21a facing downward are
provided at both respective car width direction end portions 5a of the cross beam 5. The

pressing members 21 are separate members fixed to a main body of the cross beam but may be



formed integrally with the main body of the cross beam. Each of the pressing surfaces 21a of
the pressing members 21 has a circular-arc shape that is convex downward in a side view. The
pressing member 21 is formed by a rigid member (for example, metal or fiber-reinforced resin).
The pressing member 21 is placed on the middle portion 16a of the plate spring 16 from above
so as to be displaceable relative to the plate spring 16. To be specific, the pressing surface 21a
of the pressing member 21 presses an upper surface of the plate spring 16 by the load of the cross
beam 5 in a state where the plate spring 16 is not fixed to the pressing member 21 in an
upward/downward direction. It should be noted that the upper surface of the plate spring 16
may contact the pressing member 21 through rubber or the like. In a no-load state, the upper
surface of the plate spring 16 is a horizontal flat surface. The longitudinal direction middle
portion 16a of the plate spring 16 is thicker in the upward/downward direction than each of the
longitudinal direction first end portion 16b and longitudinal direction second end portion 16¢ of
the plate spring 16. As one example, a lower surface of the plate spring 16 includes a
circular-arc surface that is convex downward. It should be noted that Fig. 1 shows the bogie 1
supporting the carbody 3 in an empty car state. In the empty car state, the plate spring 16
elastically deforms such that the shape of an upper surface of the middle portion 16a becomes a
circular-arc shape corresponding to the shape of a lower surface of the pressing member 21
(When the bogie 1 supports the carbody 3 in a full car state, the plate spring 16 elastically
deforms further).

As above, the plate spring 16 is not fixed to the pressing member 21 and the
receiving seats 19 and 20 by bolts or the like. Therefore, even when a height difference is
generated between the front and rear wheels 10 and 11, the plate spring 16 rotates with respect to
the pressing surface 21a of the pressing member 21 so as to follow vertical displacements of the
wheels 10 and 11, and the input of a load from the plate spring 16 to the front axle box 14 and
the input of a load from the plate spring 16 to the rear axle box 15 tend to be equalized. Thus, a
decrease of wheel load can be prevented.

[0017] The cross beam 5 and the first axle box 14 are coupled to each other by a pair of a
first upper link 22 and a first lower link 23 so as to be turnable, the first upper link 22 and the
first lower link 23 extending in the car longitudinal direction. The cross beam 5 and the second
axle box 15 are coupled to each other by a pair of a second upper link 24 and a second lower link
25 so as to be turnable, the second upper link 24 and the second lower link 25 extending in the
car longitudinal direction. A set of the first upper link 22 and the first lower link 23 constitutes
a parallel link, and a set of the second upper link 24 and the second lower link 25 constitutes a

parallel link. The plate spring 16 is located lower than the first upper link 22 and the second



upper link 24 and higher than the first lower link 23 and the second lower link 25. In the bogie
1 supporting the carbody 3 in the empty car state, the links 22 to 25 extend horizontally.

[0018] The first axle box 14 further includes: a first upper supporting portion 14c connected
to the first upper link 22; and a first lower supporting portion 14d connected to the first lower
link 23. The second axle box 15 further includes: a second upper supporting portion 15¢
connected to the second upper link 24; and a second lower supporting portion 15d connected to
the second lower link 25.  The first upper supporting portion 14c is provided at an upper side of
the first main body portion 14a, and the second upper supporting portion 15c¢ is provided at an
upper side of the second main body portion 15a. The first lower supporting portion 14d is
provided at a lower side of the first main body portion 14a, and the second lower supporting
portion 15d is provided at a lower side of the second main body portion 15a. A first upper
elastic member 26 is interposed between the first upper link 22 and the first upper supporting
portion l4c, and a first lower elastic member 27 is interposed between the first lower link 23 and
the first lower supporting portion 14d. A second upper elastic member 28 is interposed
between the second upper link 24 and the second upper supporting portion 15¢, and a second
lower elastic member 29 is interposed between the second lower link 25 and the second lower
supporting portion 15d.

[0019] Each of the end portions 5a of the cross beam 5 includes: a first upper supporting
portion 5b connected to the first upper link 22; a second upper supporting portion 5¢ connected
to the second upper link 24; a first lower supporting portion 5d connected to the first lower link
23; and a second lower supporting portion Se connected to the second lower link 25. A first
upper elastic member 30 is interposed between the first upper link 22 and the first upper
supporting portion 5b, and a first lower elastic member 31 is interposed between the first lower
link 23 and the first lower supporting portion 5d. A second upper elastic member 32 is
interposed between the second upper link 24 and the second upper supporting portion Sc, and a
second lower elastic member 33 is interposed between the second lower link 25 and the second
lower supporting portion Se. In the present embodiment, the elastic members 26 to 33 are
cylindrical rubber bushings each arranged so as to have an axis extending in the car width
direction.

[0020] The first upper supporting portion 14c of the first axle box 14 includes a tubular
portion 14ca having an axis extending in the car width direction. A car longitudinal direction
outer end portion 22a (first end portion) of the first upper link 22 includes a shaft portion 22aa
extending in the car width direction and inserted through the tubular portion 14ca with a gap.

The first upper elastic member 26 that is the rubber bushing is interposed between the tubular



portion 14ca and the shaft portion 22aa.  Since states of coupling the supporting portions 14c,
14d, 15¢, and 15d of the first and second axle boxes 14 and 15 to the respective links 22, 23, 24,
and 25 are the same as one another, the other explanations are omitted.

[0021] A car longitudinal direction inner end portion 22b (second end portion) of the first
upper link 22 includes a tubular portion 22ba having an axis extending in the car width direction.
The first upper supporting portion 5b of the cross beam 5 includes a shaft portion Sba extending
in the car width direction and inserted through the tubular portion 22ba with a gap. The elastic
member 30 that is the rubber bushing is interposed between the tubular portion 22ba and the
shaft portion 5ba.  Since states of coupling the supporting portions Sb, 5c, 5d, and Se of the
cross beam 5 to the respective links 22, 23, 24, and 25 are the same as one another, the other
explanations are omitted.

[0022] The first upper supporting portion 14c and first lower supporting portion 14d of the
first axle box 14 are arranged on a first virtual straight line L1 passing through a center of the
first axle 8 in a side view, and the second upper supporting portion 15¢ and the second lower
supporting portion 15d are arranged on a second virtual straight line L2 passing through a center
of the second axle 9 in a side view. Specifically, the tubular portion 14ca of the first upper
supporting portion 14c and a tubular portion of the first lower supporting portion 14d are
arranged on the first virtual straight line L1 in a side view (the same is true for the second virtual
straight line L2). As a result, a coupling point P1 where the first end portion of the first upper
link 22 and the first axle box 14 are coupled to each other and a coupling point P2 where the first
end portion of the first lower link 23 and the first axle box 14 are coupled to each other are
located on the first virtual straight line L1 in a side view, and a coupling point P3 where the first
end portion of the second upper link 24 and the second axle box 15 are coupled to each other and
a coupling point P4 where the first end portion of the second lower link 25 and the second axle
box 15 are coupled to each other are located on the second virtual straight line L2 in a side view.
The coupling point P1 (P2, P3, P4) coincides with a turning fulcrum about which the link 22 (23,
24, 25) turns relative to the axle box 14 (15).

[0023] Further, the first upper supporting portion 14c and the first lower supporting portion
14d are arranged so as to be displaced from a vertical line V1 passing through the center of the
first axle 8 in a side view, and the second upper supporting portion 15¢ and the second lower
supporting portion 15d are arranged so as to be displaced from a vertical line V2 passing through
the center of the second axle 9 in a side view. To be specific, the coupling points P1 and P2 are
arranged so as to be displaced from the vertical line V1 in a side view, and the coupling points P3

and P4 are arranged so as to be displaced from the vertical line V2 in a side view. With this, the



virtual straight line L1 is inclined with respect to the vertical line V1 about the axle 8, and the
virtual straight line L2 is inclined with respect to the vertical line V2 about the axle 9.
Specifically, the first upper supporting portion 14c is located at an outer side of the vertical line
V1 in the car longitudinal direction, and the second upper supporting portion 15¢ is located at an
outer side of the vertical line V2 in the car longitudinal direction. The first lower supporting
portion 14d is located at an inner side of the vertical line V1 in the car longitudinal direction, and
the second lower supporting portion 15d is located at an inner side of the vertical line V2 in the
car longitudinal direction.

[0024] The first upper supporting portion 5b and first lower supporting portion 5d of the
cross beam 5 are arranged on a third virtual straight line L3 parallel to the first virtual straight
line L1 in a side view, and the second upper supporting portion 5S¢ and second lower supporting
portion Se of the cross beam 5 are arranged on a fourth virtual straight line L4 parallel to the
second virtual straight line L2 in a side view. To be specific, the third virtual straight line L3
connecting a coupling point PS5 where the second end portion of the first upper link 22 and the
cross beam 5 are coupled to each other and a coupling point P6 where the second end portion of
the first lower link 23 and the cross beam 5 are coupled to each other is parallel to the first
virtual straight line L1, and the fourth virtual straight line L4 connecting a coupling point P7
where the second end portion of the second upper link 24 and the cross beam 5 are coupled to
each other and a coupling point P8 where the second end portion of the second lower link 25 and
the cross beam 5 are coupled to each other is parallel to the second virtual straight line L2.
[0025] The first upper elastic member 30 and the first lower elastic member 31 are arranged
so as to sandwich the first axle 8 in a side view, and the second upper elastic member 32 and the
second lower elastic member 33 are arranged so as to sandwich the second axle 9 in a side view.
Specifically, the first upper elastic member 30 and the first lower elastic member 31 are arranged
point-symmetrically with respect to the center of the first axle 8 in a side view, and the second
upper elastic member 32 and the second lower elastic member 33 are arranged
point-symmetrically with respect to the center of the second axle 9 in a side view.

[0026] As shown in Figs. 2 and 3, each of both end portions 5a of the cross beam 5
includes: a side wall portion 5f extending downward; an upper wall portion 5g projecting from
an upper portion of the side wall portion 5f outward in the car width direction; and a lower wall
portion 5h projecting from a lower portion of the side wall portion 5f outward in the car width
direction. An amount of projection of the lower wall portion 5h from the side wall portion 5f
outward in the car width direction is smaller than an amount of projection of the upper wall

portion Sg from the side wall portion 5f outward in the car width direction. The air spring 2 is
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mounted on an upper surface of the upper wall portion 5g, and the pressing member 21 is fixed
to a lower surface of the upper wall portion 5g. The lower wall portion 5h includes a tapered
portion Sha formed such that a clearance between the tapered portion Sha and the upper wall
portion 5g increases toward a car width direction outer tip end of the tapered portion 5ha. A
plate spring insertion space S is formed between the pressing member 21 and the lower wall
portion 5h.  The plate spring 16 is inserted into the plate spring insertion space S, and the plate
spring insertion space S is open outward in the car width direction. The plate spring 16
arranged in the plate spring insertion space S is in contact with the pressing surface 21a of the
pressing member 21 and is spaced upward apart from the lower wall portion 5h.

[0027] The lower wall portion 5h is shorter than the upper wall portion 5g in the car
longitudinal direction. The first upper link 22 and the second upper link 24 are coupled to both
respective car longitudinal direction end portions of the upper wall portion 5g, and the first lower
link 23 and the second lower link 25 are coupled to both respective car longitudinal direction end
portions of the lower wall portion 5h. A jack pad 34 is provided on a lower surface of the cross
beam 5, and a jack device (not shown) configured to lift the cross beam 5 is pressed against the
jack pad 34. Specifically, a reinforcing member 5j is connected to a car width direction inner
side surface of the side wall portion 5f and the lower surface of the cross beam 5, and the jack
pad 34 is attached to a lower surface of the reinforcing member 5j. The jack pad 34 is attached
to the bogie 1 such that the position of the jack pad 34 coincide with each of the positions of
wheel treads of the wheels 10 and 11 in the car width direction. Therefore, when jacking up the
cross beam 5 on the rail, the jack device is placed on an upper surface of the rail and pushes up
the jack pad 34 located immediately above the jack device. Thus, the cross beam 5 can be
lifted stably.

[0028] The air spring 2 is arranged such that an upper surface 2a of the air spring 2 is lower
than upper ends of the first wheels 10 and upper ends of the second wheels 11.  To be specific,
the upper ends of the wheels 10 and 11 are arranged higher than a lower surface of an
underframe 3a of the carbody 3 (Fig. 3). Spaces are formed at the underframe 3a so as to be
located at positions corresponding to the wheels 10 and 11, and the upper ends of the wheels 10
and 11 are located at the respective spaces.

[0029] Auxiliary devices 35 are connected to the first axle boxes 14 and the second axle
boxes 15. Each of the auxiliary devices 35 is required to be located at a certain height from a
track. Examples of the auxiliary device 35 include a rail guard and a snow plough (Fig. 2
shows only the auxiliary devices 35 connected to the second axle boxes 15, but the auxiliary

devices 35 are connected also to the first axle boxes 14.).
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[0030] According to the above-explained configurations, the links 22 to 25 serving as the
coupling members connecting the cross beam 5 and the axle boxes 14 and 15 and the plate
springs 16 supporting the pressing members 21 of the cross beam 5 from below have simple
configurations each extending in the car longitudinal direction. Therefore, the low floor of the
railcar can be easily realized by lowering the position of the cross beam 5, and the weight
reduction can be realized. The first upper elastic member 26 is interposed between the first
upper link 22 and the first axle box 14, and the first lower elastic member 27 is interposed
between the first lower link 23 and the first axle box 14. Further, the second upper elastic
member 28 is interposed between the second upper link 24 and the second axle box 15, and the
second lower elastic member 29 is interposed between the second lower link 25 and the second
axle box 15. Therefore, by the elastic deformation of the elastic members 26 to 29, the first
wheelset 6 and the second wheelset 7 can be angularly displaced relative to the cross beam 5 in a
steering direction. Then, the first upper supporting portion 14c and the first lower supporting
portion 14d are arranged on the first virtual straight line L1 passing through the center of the first
axle 8 in a side view, and the second upper supporting portion 15c and the second lower
supporting portion 15d are arranged on the second virtual straight line L2 passing through the
center of the second axle 9 in a side view. Therefore, even when the bogie 1 travels in any
direction along the car longitudinal direction, the wheelsets 6 and 7 are naturally and smoothly
steered (turned) along a leftward/rightward direction curve of the track using the virtual straight
lines L1 and L2 as reference lines. On this account, lateral force from the track can be
effectively reduced, and a curved line passing performance can be improved.

[0031] The plate spring 16 supports the pressing member 21, provided at the cross beam 5,
from below so as to be displaceable relative to the pressing member 21.  Further, the first axle
box 14 and the cross beam 5 are connected to each other by a pair of upper and lower links 22
and 23, and the second axle box 15 and the cross beam 5 are connected to each other by a pair of
upper and lower links 24 and 25. Therefore, twisting force is hardly transferred between the
cross beam 5 and the plate spring 16, and the axle boxes 14 and 15 of the bogie 1 can be
independently and smoothly displaced in the vertical direction. Further, by the above-described
effect of the load balance by the rotation of the plate spring 16, the wheels 10 and 11 easily
follow, for example, ups and downs of the track. Thus, the decrease of wheel load can be
effectively prevented.

[0032] The circular-arc pressing surface 21a of the pressing member 21 is placed on the
plate spring 16 from above so as to be displaceable relative to the plate spring 16. Therefore,

even when the height difference is generated between the front and rear wheels 10 and 11, the
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plate spring 16 rotates with respect to the pressing surface 21a of the pressing member 21, so that
the decrease of wheel load can be prevented. In this case, the cross beam 5 is coupled to the
first axle box 14 and the second axle box 15 by the links 22 to 25. Therefore, even when the
railcar accelerates or decelerates, the turning of the cross beam 5 about an axis extending in the
car width direction can be prevented, and the posture of the cross beam 5 can be maintained
constant. Further, vibrations of the carbody when the railcar accelerates and decelerates can be
suppressed.

[0033] The set of the first upper link 22 and the first lower link 23 constitutes a parallel link,
and the set of the second upper link 24 and the second lower link 25 constitutes a parallel link.
Therefore, when the plate spring 16 elastically deforms, the first axle box 14 and the second axle
box 15 are displaced relative to the cross beam 5 in the vertical direction while maintaining
certain postures of the first axle box 14 and the second axle box 15 relative to the cross beam 5.
On this account, even when the auxiliary devices 35 are attached to the first axle box 14 and the
second axle box 15, each of the auxiliary devices 35 can be maintained at a certain height from
the track.

[0034] The first spring supporting portion 14b projects from the first main body portion 14a
toward the middle side in the car longitudinal direction to support the end portion 16b of the
plate spring 16, and the second spring supporting portion 15b projects from the second main
body portion 15a toward the middle side in the car longitudinal direction to support the end -
portion 16c¢ of the plate spring 16. Therefore, the length of the plate spring 16 can be shortened,
and the cost for the plate spring 16 can be reduced. Further, the plate spring 16 has such a
shape that in the no-load state, the upper surface of the plate spring 16 is the horizontal flat
surface, and the lower surface of the plate spring 16 includes the circular-arc surface that is
convex downward. Therefore, by producing the plate spring 16 using the upper surface that is
the horizontal flat surface as a production reference surface, the plate spring 16 can be easily
formed with a high degree of accuracy.

[0035] Since the plate spring 16 is arranged between a set of the upper links 22 and 24 and a
set of the lower links 23 and 25 in a side view, the cross beam 5 can be arranged at a low position.
Further, the first upper supporting portion 14c and the first lower supporting portion 14d are
arranged so as to be displaced from the vertical line V1 passing through the center of the first
axle 8 in a side view, and the second upper supporting portion 15¢ and the second lower
supporting portion 15d are arranged so as to be displaced from the vertical line V2 passing
through the center of the second axle 9 in a side view. Therefore, the upper link 22 and the
lower link 23 can be arranged close to each other, and the upper link 24 and the lower link 25 can
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be arranged close to each other. With this, the cross beam 5 can be arranged at a low position.
Further, since the upper surfaces 2a of the air springs 2 are located lower than the upper ends of
the first wheels 10 and the upper ends of the second wheels 11, a floor surface of the carbody 3
can be arranged at a low position.

[0036] The upper link 22 extends outward in the car longitudinal direction beyond the
center of the axle 8, and the upper link 24 extends outward in the car longitudinal direction
beyond the axle 9. With this, even when the cross beam 5 is arranged at a low position by
coupling the upper links 22 and 24 to portions located just beside the cross beam 5 which is
required to have such a size in the car longitudinal direction that the air springs 2 can be placed
on the cross beam 5, the upper links 22 and 24 can be made long. Thus, even when the links 22
to 25 are displaced in the vertical direction by the elastic deformation of the plate spring 16, a
change in a wheel base can be suppressed. Therefore, even when loads applied to the left and
right air springs 2 by left/right movements of the carbody 3 change while the railcar is linearly
traveling, the generation of a difference between the left and right wheel bases can be
suppressed.

[0037] Each of both end portions 5a of the cross beam 5 includes the upper wall portion 5g,
the side wall portion 5f, and the lower wall portion 5h, and the pressing member 21 is provided
on the lower surface of the upper wall portion 5g.  Further, the plate spring insertion space S
that is open outward in the car width direction is formed between the pressing member 21 and
the lower wall portion 5Sh. Therefore, the plate spring 16 can be taken out from the plate spring
insertion space S outward in the car width direction without disassembling the bogie 1. To be
specific, the plate spring 16 can be easily taken out from the plate spring insertion space S
outward in the car width direction in such a manner that: the cross beam 5 is lifted by pressing
the jack device (not shown) against the jack pad 34 from below; and the pressing force applied
from the pressing member 21 to the plate spring 16 is released. For example, when there exists
a busy period and a slack period, and a change in the number of passengers is known, the plate
spring 16 can be easily replaced with a plate spring having a different spring constant in
accordance with a change in a load applied from the carbody to the bogie. Thus, the ride
quality can be easily adjusted. Therefore, the ease of maintenance of the plate spring 16
improves.

[0038] The first upper link 22 and the second upper link 24 are coupled to the upper wall
portion 5g, and the first lower link 23 and the second lower link 25 are coupled to the lower wall
portion Sh. Force from the links 22 to 25 in a horizontal direction is easily received by the

cross beam 5. Therefore, the strength requirement of the bogie 1 can be relaxed, and this can
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realize the weight reduction.  Further, since the reinforcing member 5j is connected to the car
width direction inner side surface of the side wall portion 5f and the lower surface of the cross
beam 5, the reinforcing member 5j can receives loads from the links 22 to 25.
[0039] The wheel base of the bogie 1 can be easily changed depending on the type of the
railcar in such a manner that: the lengths of the links 22 to 25 are changed; or an interval
between the set of the front links 22 and 23 and the set of the rear links 24 and 25 is changed.
In this case, the spring constant of the plate spring 16 can be easily adjusted to a desired value by
changing the lengths of the end portions 16b and 16¢ of the plate spring 16 and the width of the
plate spring 16.
[0040] Embodiment 2

Fig. 4 is a side view showing a bogie 101 for a railcar according to Embodiment 2.
Fig. 5 is a plan view showing the bogie 101 of Fig. 4. An upper half of Fig. 5 is a diagram
when viewed from below, and a lower half of Fig. 5 is a diagram when viewed from above. As
shown in Figs. 4 and 5, states of coupling links 122 to 125 to axle boxes 114 and 115 in the bogie
101 of Embodiment 2 are different from those in the bogie 1 of Embodiment 1.
[0041] The cross beam 5 and the first axle box 114 are coupled to each other by a pair of a
first upper link 122 and a first lower link 123 so as to be turnable, the first upper link 122 and the
first lower link 123 extending in the car longitudinal direction. The cross beam 5 and the
second axle box 115 are coupled to each other by a pair of a second upper link 124 and a second
lower link 125 so as to be turnable, the second upper link 124 and the second lower link 125
extending in the car longitudinal direction.
[0042] The first axle box 114 includes: a first main body portion 114a accommodating the
first bearing 12; a first spring supporting portion 114b projecting from the first main body
portion 114a toward the middle side in the car longitudinal direction and supporting the first end
portion of the plate spring 16 from below; a first upper supporting portion 114¢ connected to the
first upper link 122; and a first lower supporting portion 114d connected to the first lower link
123.  The second axle box 115 includes: a second main body portion 115a accommodating the
first bearing 13; a second spring supporting portion 115b projecting from the second main body
portion 115a toward the middle side in the car longitudinal direction and supporting the second
end portion of the plate spring 16 from below; and a second upper supporting portion 115¢
connected to the second upper link 124; and a second lower supporting portion 115d connected
to the second lower link 125.
[0043] A car longitudinal direction outer end portion 122a of the first upper link 122

includes a vertical wall portion 122aa facing in the car longitudinal direction. The first upper
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supporting portion 114c of the first axle box 114 includes a vertical wall portion 114ca opposed
to the vertical wall portion 122aa of the first upper link 122 from an outer side in the car
longitudinal direction. A first upper elastic member 126 that is a rubber plate is sandwiched
between the vertical wall portion 122aa of the first upper link 122 and the vertical wall portion
114ca of the first upper supporting portion 114c. Then, a state where a pair of vertical wall
portions 114ca and 122aa sandwich the first upper elastic member 126 in the car longitudinal
direction is maintained by bolts B2 penetrating the vertical wall portion 114ca, the first elastic
member 126, and the vertical wall portion 122aa. To be specific, the first upper elastic member
126 is interposed between the first upper link 122 and the first upper supporting portion 114c.
Since a state of coupling the second upper supporting portion 115¢ of the second axle box 115 to
the second upper link 124 is the same as above, a detailed explanation thereof is omitted.

[0044] Fig. 6 is a sectional view taken along line VI-VI of Fig. 5.  Fig. 7 is a sectional
view taken along line VII-VII of Fig. 6. Fig. 8 is a sectional view taken along line VIII-VIII of
Fig. 7. As shown in Figs. 5 to 8, the first lower supporting portion 114d includes a vertical wall
portion 114da having a normal line extending in the car longitudinal direction. A car
longitudinal direction outer end portion 123a of the first lower link 123 has a C shape in a plan
view and sandwiches the vertical wall portion 114da of the first lower supporting portion 114d
from both sides in the car longitudinal direction. Specifically, the outer end portion 123a
includes: an inner vertical wall portion 123aa opposed to the vertical wall portion 114da of the
first lower supporting portion 114d from an inner side in the car longitudinal direction; an outer
vertical wall portion 123ac opposed to the vertical wall portion 114da of the first lower
supporting portion 114d from an outer side in the car longitudinal direction; and a bypass portion
123ab bypassing the vertical wall portion 114da of the first lower supporting portion 114d at an
outer side in the car width direction to integrally connect the inner vertical wall portion 123aa
and the outer vertical wall portion 123ac.

[0045] A first lower elastic member 127A that is a rubber plate is sandwiched between the
inner vertical wall portion 123aa and the vertical wall portion 114da, and a first lower elastic
member 127B is sandwiched between the outer vertical wall portion 123ac and the vertical wall
portion 114da. A state where the vertical wall portions 123aa, 114da, and 123ac sandwich the
first elastic members 127A and 127B in the car longitudinal direction is maintained by bolts B1
penetrating the inner vertical wall portion 123aa, the first lower elastic member 127A, the
vertical wall portion 114da, the first lower elastic member 127B, and the outer vertical wall
portion 123ac. To be specific, the first lower elastic members 127A and 127B are interposed

between the first lower link 123 and the first lower supporting portion 114d.
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[0046] The first lower elastic member 127A has such a shape that a vertical direction middle
portion 127Ac thereof is thinner than each of upper and lower end portions 127Aa and 127Ab
thereof in the car longitudinal direction, and the first lower elastic member 127B has such a
shape that a vertical direction middle portion 127Bc thereof is thinner than each of upper and
lower end portions 127Ba and 127Bb thereof in the car longitudinal direction. Specifically, the
middle portion 127Ac of the first lower elastic member 127A has a surface opposed to the
vertical wall portion 114da and depressed in the car longitudinal direction to have a V-shaped
cross section. Similarly, the middle portion 127Bc of the first lower elastic member 127B has a
surface opposed to the vertical wall portion 114da and depressed in the car longitudinal direction
to have a V-shaped cross section. It should be noted that each of these surfaces may be
depressed to have a circular-arc cross section instead of the V-shaped cross section. The
vertical wall portion 114da of the first lower supporting portion 114d of the first axle box 114 has
such a shape that a vertical direction middle portion 114dal thereof project toward both sides in
the car longitudinal direction so as to fit the middle portions 127Ac and 127Bc of the first elastic
members 127A and 127B. In the present embodiment, the middle portion 114dal of the
vertical wall portion 114da projects to have a V-shaped cross section.

[0047] Each of bolt insertion holes 114da2 of the vertical wall portion 114da of the first
lower supporting portion 114d is larger in both the vertical direction and the car width direction
than each of bolt insertion holes 123aal and 123acl of the vertical wall portions 123aa and
123ac of the first lower link 123 and bolt insertion holes 127Aa and 127Ba of the first elastic
members 127A and 127B. The bolt insertion hole 114da2 of the vertical wall portion 114da of
the first lower supporting portion 114d has a vertically long shape that is larger in the vertical
direction than in the car width direction. When the first lower link 123 vertically swings by the
elastic deformation of the plate spring 16, the first lower link 123 moves using the middle
portion 114dal of the vertical wall portion 114da of the first lower supporting portion 114d as a
fulcrum. Since a state of coupling the second lower supporting portion 115d of the second axle
box 115 to the second lower link 125 is the same as above, a detailed explanation thereof is
omitted.

[0048] The first upper supporting portion 114c¢ and first lower supporting portion 114d of
the first axle box 114 are arranged on the first virtual straight line L1 passing through the center
of the first axle 8 of the first wheelset 6 in a side view, and the second upper supporting portion
115c¢ and the second lower supporting portion 115d are arranged on the second virtual straight
line L2 passing through the center of the second axle 9 of the second wheelset 7 in a side view.

Specifically, the vertical wall portion 114ca of the first upper supporting portion 114¢ and the
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vertical wall portion 114da of the first lower supporting portion 114d are arranged on the first
virtual straight line L1 in a side view (the same is true for the second virtual straight line L2).

As aresult, a coupling point P1 where the first end portion of the first upper link 122 and the first
axle box 114 are coupled to each other and a coupling point P2 where the first end portion of the
first lower link 123 and the first axle box 114 are coupled to each other are located on the first
virtual straight line L1 in a side view, and a coupling point P3 where the first end portion of the
second upper link 124 and the second axle box 115 are coupled to each other and a coupling
point P4 where the first end portion of the second lower link 125 and the second axle box 115 are
coupled to each other are located on the second virtual straight line L2 in a side view.

[0049] Further, the first upper supporting portion 114c and the first lower supporting portion
1144 are arranged so as to be displaced from the vertical line V1 passing through the center of
the first axle 8 in a side view, and the second upper supporting portion 115c¢ and the second lower
supporting portion 115d are arranged so as to be displaced from the vertical line V2 passing
through the center of the second axle 9 in a side view. Specifically, the first upper supporting
portion 114c is located at an outer side of the vertical line V1 in the car longitudinal direction,
and the second upper supporting portion 115c is located at an outer side of the vertical line V2 in
the car longitudinal direction. The first lower supporting portion 114d is located at an inner
side of the vertical line V1 in the car longitudinal direction, and the second lower supporting
portion 115d is located at an inner side of the vertical line V2 in the car longitudinal direction.
[0050] According to the above-explained configuration, the first wheelset 6 and the second
wheelset 7 can be angularly displaced relative to the cross beam 5 in the steering direction by the
elastic deformation of the elastic members 126 to 129. Further, the first upper supporting
portion 114¢ and the first lower supporting portion 114d are arranged on the first virtual straight
line L1 passing through the center of the first axle 8 in a side view, and the second upper
supporting portion 115¢ and the second lower supporting portion 115d are arranged on the
second virtual straight line L2 passing through the center of the second axle 9 in a side view.
Therefore, even when the bogie 1 travels in any direction along the car longitudinal direction, the
wheelsets 6 and 7 are naturally and smoothly steered along a leftward/rightward direction curve
of the track using the virtual straight lines L1 and L2 as reference lines. On this account, the
lateral force form the track can be effectively reduced.

[0051] Further, the first lower link 123 includes the outer end portion having a C shape in a
plan view and sandwiching the first lower supporting portion 114d from both sides in the car
longitudinal direction, and the second lower link 125 includes the outer end portion having a C

shape in a plan view and sandwiching the second lower supporting portion 115d from both sides
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in the car longitudinal direction. Therefore, even if the bolts B1 come off, the first lower link
123 can be prevented from being detached from the first axle box 114 in the car longitudinal
direction, and the second lower link 125 can be prevented from being detached from the second
axle box 115 in the car longitudinal direction.
[0052] Further, the first lower elastic members 127A and 127B (and second lower elastic
members 129A and 129B) have such shapes that: the vertical direction middle portion 127Ac is
thinner than each of the upper end portion 127Aa and the lower end portion 127Ab in the car
longitudinal direction; and the vertical direction middle portion 127Bc is thinner than each of the
upper end portion 127Ba and the lower end portion 127Bb in the car longitudinal direction.
Therefore, the first lower elastic member 127A elastically deforms easily using the middle
portion 127Ac as a fulcrum, and the first lower elastic member 127B elastically deforms easily
using the middle portion 127Bc as a fulcrum. On this account, when the first lower link 123
vertically swings by the elastic deformation of the plate spring 16, the first lower link 123 can
swing based on a stable fulcrum. It should be noted that since the other components are the
same as those in Embodiment 1, explanations thereof are omitted.
[0053] Embodiment 3

Fig. 9 is an enlarged schematic side view showing a state where an axle box 214 and
links 222 and 223 are coupled to one another in the bogie for the railcar according to
Embodiment 3. As shown in Fig. 9, the first axle box 214 of Embodiment 3 includes: a first
main body portion 214a; a first spring supporting portion 214b; a first upper supporting portion
214c¢ connected to the first upper link 222; and a first lower supporting portion 214d connected
to the first lower link 223.
[0054] The first upper supporting portion 214c includes: a base portion 214ca projecting on
an upper surface of the first main body portion 214a; and a shaft portion 214cb projecting
upward from the base portion 214ca and smaller in diameter than the base portion 214ca. The
first lower supporting portion 214d includes: a base portion 214da projecting on a lower surface
of the first main body portion 214a; and a shaft portion 214db projecting downward from the
base portion 214da and smaller in diameter than the base portion 214da. A car longitudinal
direction outer end portion 222a of the first upper link 222 includes a tubular portion having an
axis extending in the vertical direction, and a car longitudinal direction outer end portion 223a of
the first lower link 223 includes a tubular portion having an axis extending in the vertical
direction. A first upper elastic member 226 that is a tubular rubber bushing is interposed
between the tubular outer end portion 222a and the shaft portion 214c¢b, and a first lower elastic

member 227 that is a tubular rubber bushing is interposed between the tubular outer end portion
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223a and the shaft portion 214db.
[0055] A nut member 240 threadedly engaged with the shaft portion 214cb is in contact
with an upper surface of the first upper elastic member 226, and a nut member 241 threadedly
engaged with the shaft portion 214db is in contact with a lower surface of the first lower elastic
member 227. To be specific, the first upper elastic member 226 is sandwiched between the
base portion 214ca and the nut member 240, and the first lower elastic member 227 is
sandwiched between the base portion 214da and the nut member 241.  Each of outer diameters
of the base portion 214ca and the nut member 240 is smaller than an outer diameter of the first
upper elastic member 226, and each of outer diameters of the base portion 214da and the nut
member 241 is smaller than an outer diameter of the first lower elastic member 227. The shaft
portion 214c¢b of the first upper supporting portion 214c¢ and the shaft portion 214db of the first
lower supporting portion 214d are arranged on the vertical line V1 passing through the center of
the axle in a side view.
[0056] According to the above configuration, by the elastic deformation of the elastic
members 226 and 227, the links 222 and 223 can vertically swing, and the wheelsets can be
angularly displaced relative to the cross beam in the steering direction. It should be noted that
since the other components are the same as those in Embodiment 1, explanations thereof are
omitted.
[0057] Embodiment 4

Fig. 10 is a side view showing a bogie 301 for a railcar according to Embodiment 4.
As shown in Fig. 10, the bogie 301 of Embodiment 4 is an indirect mounted bogie. To be
specific, in the bogie 301, the air spring 2 is provided on the cross beam 5, and a bolster 350 is
provided on the air spring 2. The bolster 350 and a carbody 303 are connected to each other by
a center plate 350a and a pin 303a so as to be turnable relative to each other, the pin 303a being
inserted into the center plate 350a from above so as to be rotatable.
[0058] Traction motors 352 are coupled to the bolster 350 through respective brackets 351.
The traction motors 352 are not coupled to the cross beam 5. The traction motors 352 are
coupled to the respective axles 8 and 9 through reducers (not shown). It should be noted that
since the other components are the same as those in Embodiment 1, explanations thereof are
omitted.
[0059] According to the above configuration, since the bolster 350 is arranged on the air
spring 2, vibration transferred from the wheels 8 and 9 to the bolster 350 is less than vibration
transferred from the wheels 8 and 9 to the cross beam 5.  Since the traction motor 352 is

coupled to the bolster 350 which vibrates less than the cross beam 5, the strength requirement
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(0.3G) of the traction motor 352 in this case is made lower than the strength requirement (5G) in
a case where the traction motor is coupled to the cross beam 5. Therefore, the traction motor
352 can be reduced in weight and size.
[0060] Embodiment 5

Fig. 11 is a side view showing a bogie for a railcar according to Embodiment 5. As
shown in Fig. 11, in a bogie 401 of Embodiment 5, the plate spring 16 is arranged lower than all
the links 22 to 25. A cross beam 405 includes: a cross beam main body portion 405a extending
in the car width direction, the air spring 2 being mounted on the cross beam main body portion
405a; and a projecting portion 405b projecting downward from the cross beam main body
portion 405a and shorter than the cross beam main body portion 405a in the car longitudinal
direction. A pressing member 421 including a pressing surface 21a facing downward is
provided at a lower end portion of the projecting portion 405b of the cross beam 405. The
pressing surface 421a of the pressing member 421 has a circular-arc shape that is convex
downward in a side view.
[0061] The plate spring 16 extending in the car longitudinal direction is provided between a
first axle box 414 and a second axle box 415. The first axle box 414 includes: a first main body
portion 414a accommodating the first bearing 12; and a box-shaped first spring supporting
portion 414b provided at a lower side of the first the main body portion 414a and supporting the
first end portion of the plate spring 16 from below. The second axle box 415 includes: a second
main body portion 415a accommodating the second bearing 13; and a box-shaped second spring
supporting portion 415b provided at a lower side of the second main body portion 415a and
supporting the second end portion of the plate spring 16 from below. The plate spring 16 is
located lower than the first lower link 23 and the second lower link 25 and extends in the car
longitudinal direction, and the pressing member 421 is placed on the middle portion of the plate
spring 16 from above so as to be displaceable relative to the plate spring 16. The first upper
link 22 is arranged so as to overlap a main body portion 414a in a side view and is configured in
such a shape as not to interfere with the main body portion 414a. The second upper link 24 is
arranged so as to overlap a main body portion 415a in a side view and is configured in such a
shape as not to interfere with the main body portion 415a. It should be noted that since the
other components are the same as those in Embodiment 1, explanations thereof are omitted.
[0062] The present invention is not limited to the above embodiments. Modifications,
additions, and eliminations of components may be made within the scope of the present
invention. The above embodiments may be combined arbitrarily. For example, a part of

components or methods in one embodiment may be applied to another embodiment.
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Industrial Applicability

[0063] As above, the bogie for the railcar according to the present invention has the above
excellent effects, and it is useful to widely apply the present invention to bogies of railcars that

can achieve the significance of these effects.

Reference Signs List
[0064] 1,101, 301,401  bogie
2 air spring
5  cross beam
S5Sg  upper wall portion
Sh  lower wall portion
6  first wheelset
second wheelset
8 firstaxle
9  second axle
10  first wheel
11  second wheel
12 first bearing
13 second bearing
14, 114,414  first axle box
14a, 114a,414a  first main body portion
14b, 114b, 414b  first spring supporting portion
14c, 114c  first upper supporting portion
14d, 114d  first lower supporting portion
15,115,415 second axle box
15a, 115a,415a  second main body portion
15b, 115b,415b  second spring supporting portion
15c, 115¢  second upper supporting portion
15d, 115d  second lower supporting portion
16  plate spring
21  pressing member
22,122 first upper link
23,123  first lower link
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24,124  second upper link

25,125  second lower link

26,126  first upper elastic member
27, 127A, 127B  first lower elastic member
127Aa, 127Ba  upper end portion
127Ab, 127Bb  lower end portion
127Ac, 127Bc  middle portion

28  second upper elastic member
29  second lower elastic member
34  jack pad

L1  first virtual straight line

L2  second virtual straight line

L3  third virtual straight line

L4  fourth virtual straight line

S plate spring insertion space

V1, V2  vertical line
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CLAIMS
1. A bogie for a railcar,

the bogie comprising:

a first axle box accommodating a first bearing supporting a first axle such that the
first axle is rotatable;

a second axle box accommodating a second bearing supporting a second axle such
that the second axle is rotatable;

a cross beam extending in a car width direction, a pressing member being provided
on a lower side of the cross beam;

a plate spring extending in a car longitudinal direction in a state where a first end
portion of the plate spring is supported by the first axle box, and a second end portion of the
plate spring is supported by the second axle box, the plate spring supporting the pressing
member from below so as to be displaceable relative to the pressing member;

a first upper link extending in the car longitudinal direction to connect the cross
beam and the first axle box and including a first end portion elastically coupled to the first axle
box;

a first lower link extending in the car longitudinal direction to connect the cross
beam and the first axle box and including a first end portion elastically coupled to the first axie
box;

a second upper link extending in the car longitudinal direction to connect the cross
beam and the second axle box and including a first end portion elastically coupled to the second
axle box; and

a second lower link extending in the car longitudinal direction to connect the cross
beam and the second axle box and including a first end portion elastically coupled to the second
axle box,

a first upper coupling point where the first end portion of the first upper link and the
first axle box are coupled to each other and a first lower coupling point where the first end
portion of the first lower link and the first axle box are coupled to each other being arranged on a
first virtual straight line passing through a center of the first axle in a side view,

a second upper coupling point where the first end portion of the second upper link
and the second axle box are coupled to each other and a second lower coupling point where the
first end portion of the second lower link and the second axle box are coupled to each other

being arranged on a second virtual straight line passing through a center of the second axle in the

side view.
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2. The bogie according to claim 1, wherein:

a third virtual straight line connecting a coupling point where a second end portion
of the first upper link and the cross beam are coupled to each other and a coupling point where a
second end portion of the first lower link and the cross beam are coupled to each other is parallel
to the first virtual straight line; and

a fourth virtual straight line connecting a coupling point where a second end portion
of the second upper link and the cross beam are coupled to each other and a coupling point
where a second end portion of the second lower link and the cross beam are coupled to each

other is parallel to the second virtual straight line.

3. The bogie according to claim 1 or 2, further comprising:
a first upper elastic member interposed between the first upper link and the first axle
box;
a first lower elastic member interposed between the first lower link and the first axle
box;
a second upper elastic member interposed between the second upper link and the
second axle box; and
a second lower elastic member interposed between the second lower link and the
second axle box, wherein:
the first axle box includes
a first main body portion accommodating the first bearing,
a first upper supporting portion connected to the first upper link through the first
upper elastic member, and
a first lower supporting portion connected to the first lower link through the first
lower elastic member;
the first upper supporting portion and the first lower supporting portion are arranged
on the first virtual straight line in the side view;
the second axle box includes
a second main body portion accommodating the second bearing,
a second upper supporting portion connected to the second upper link through

the second upper elastic member, and

a second lower supporting portion connected to the second lower link through

the second lower elastic member; and
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the second upper supporting portion and the second lower supporting portion are

arranged on the second virtual straight line in the side view.

4. The bogie according to claim 3, wherein:

the first axle box includes a first spring supporting portion projecting from the first
main body portion toward a middle side in the car longitudinal direction and supporting the first
end portion of the plate spring from below; and

the second axle box includes a second spring supporting portion projecting from the
second main body portion toward the middle side in the car longitudinal direction and supporting

the second end portion of the plate spring from below.

5. The bogie according to any one of claims 1 to 4, wherein:
a set of the first upper link and the first lower link constitutes a parallel link; and

a set of the second upper link and the second lower link constitutes a parallel link.

6. The bogie according to any one of claims 1 to 5, wherein:
an upper surface of the plate spring is a horizontal flat surface in a no-load state; and
a longitudinal direction middle portion of the plate spring is thicker in an

upward/downward direction than each of both longitudinal direction end portions of the plate

spring.

7. The bogie according to any one of claims 1 to 6, wherein:

the plate spring is located lower than the first upper link and the second upper link;

the first upper coupling point where the first end portion of the first upper link and
the first axle box are coupled to each other and the first lower coupling point where the first end
portion of the first lower link and the first axle box are coupled to each other are arranged so as
to be displaced from a vertical line passing through the center of the first axle in the side view;
and

the second upper coupling point where the first end portion of the second upper link
and the second axle box are coupled to each other and the second lower coupling point where the
first end portion of the second lower link and the second axle box are coupled to each other are
arranged so as to be displaced from a vertical line passing through the center of the second axle

in the side view.
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8. The bogie according to any one of claims 1 to 7, further comprising an air spring
supported by the cross beam from below, wherein:

first wheels are provided at both respective sides of the first axle;

second wheels are provided at both respective sides of the second axle; and

an upper surface of the air spring is located lower than upper ends of the first wheels

and upper ends of the second wheels.

9. The bogie according to any one of claims 1 to 8, wherein:
each of both end portions of the cross beam includes
a side wall portion,
an upper wall portion projecting from an upper portion of the side wall portion
outward in the car width direction, and
a lower wall portion projecting from a lower portion of the side wall portion
outward in the car width direction;
the pressing member is provided on a lower side of the upper wall portion; and
a plate spring insertion space is formed between the pressing member and the lower
wall portion, the plate spring being inserted into the plate spring insertion space, the plate spring

insertion space being open outward in the car width direction.

10. The bogie according to claim 9, wherein:

the first upper link and the second upper link are coupled to the upper wall portion;

and

the first lower link and the second lower link are coupled to the lower wall portion.

11. The bogie according to any one of claims 1 to 10, wherein a jack pad is provided on

a lower side of the cross beam.

12. The bogie according to claim 11, wherein:

a plate spring insertion space that is open outward in the car width direction is
formed on a lower side of the pressing member; and

the plate spring is configured to be detachable from the plate spring insertion space
outward in the car width direction in a state where the cross beam is lifted in such a manner that

the jack pad is pushed upward by a jack device.
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13. The bogie according to any one of claims 1 to 12, wherein:

at least one of the first upper link and the first lower link is elastically coupled to the

first axle box through a rubber bushing; and

at least one of the second upper link and the second lower link is elastically coupled

to the second axle box through a rubber bushing.

14. The bogie according to claim 3 or 4, wherein at least one link among the first upper
link, the first lower link, the second upper link, and the second lower link includes an end portion
having a C shape in a plan view, the end portion sandwiching at least one supporting portion
among the first upper supporting portion, the first lower supporting portion, the second upper
supporting portion, and the second lower supporting portion from both sides in the car

longitudinal direction.

15. The bogie according to claim 14, wherein among the first upper elastic member, the
first lower elastic member, the second upper elastic member, and the second lower elastic
member, one elastic member interposed between the at least one link and the at least one
supporting portion includes a vertical direction middle portion that is thinner in the car

longitudinal direction than each of upper and lower end portions of the one elastic member.



