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Description

TECHNICAL FIELD

[0001] The present invention relates to a brake disc for
a railway vehicle that is fastened to a wheel of a railway
vehicle and generates a braking force by means of a
sliding-contact member being pushed against a sliding
portion.

BACKGROUND ART

[0002] There are brake systems already in use which,
with a brake disc fastened to a wheel of a railway vehicle,
slows or stops rotation of the wheel by pushing a sliding-
contact member against the brake disc. In such brake
systems, a large amount of frictional heat arises at the
brake disc during braking. Therefore, in some cases a
structure is adopted in which a plurality of radial fins that
extend in the radial direction are provided on the rear
face of the brake disc to thereby cause air to flow between
the brake disc and the wheel by rotation of the brake disc
and thereby release heat from the brake disc.
[0003] In the case of a brake disc that has a plurality
of radial fins, when the brake disc is mounted in a rapid-
transit railway vehicle and a wheel with the brake disc
rotates at a high speed, a large amount of air flows be-
tween the brake disc and the wheel and generates a large
noise. Therefore, Patent Literature 1 proposes to provide
a circumferential rib that imparts resistance to air flowing
between a plurality of radial fins and adjust an opening
area between the radial fins by means of the circumfer-
ential rib, for suppressing the amount of air that flows
between the plurality of radial fins to thereby reduce
noise.
[0004] Patent Literature 2 describes that in a brake disk
11 having the sliding part 12 connected to the bolts 5,
where a radial distance between the center of a tightening
hole 12a formed in the sliding part 12 and the most inner
peripheral side position in contact with the wheel 4 is d1,
a radial distance between the center of the tightening
hole 12a and the most outer peripheral side position in
contact with the wheel 4 is d2, and the radial length L of
a sliding surface 12b formed on the sliding part 12 is L,
d2/L is 0.25 or larger and d1/d2 is 0.3 to 1.5. Thus, since
the fatigue failure of the bolts can be suppressed, the
brake disk can withstand a long term use.
[0005] Patent Literature 3 describes a disc for a disc
brake, which comprises two annular members (1,3) ar-
ranged coaxially with respect to each other and joined
together by generally radially extending vanes (7) and
pillars (9), which project from a central web (5) located
between the annular members (1,3). The vanes (7) ex-
tend for part of the radial extent of the annular members
(1,3), and the pillars (9) are located in a region not occu-
pied by the vanes (7) and preferably radially beyond the
vanes (7). Power absorption and noise generation is re-
duced considerably as a result of the reduced vane over-

all diameter, as compared to a disc of like diameter with
the conventional long radial vanes. However, the desired
cooling is maintained due to the surface area presented
by the combination of shorter vanes (7) and pillar (9).
[0006] Patent Literature 4 describes a brake disc for a
railway vehicle, including a ring-shaped plate portion with
a front side serving as a frictional surface and a plurality
of fins being projected and disposed radially on the back
side of the plate portion, the plate portion being fixed to
a wheel, wherein a rib is provided between fins adjacent
to each other, and a slit developing in the direction from
a wheel-side face of the rib toward the back side of the
plate portion is disposed in a circumferentially interme-
diate portion of the rib, thereby making it possible to sup-
press the deformation caused by frictional heat.
[0007] Patent Literature 5 describes that a railway ve-
hicle wheel comprises: a wheel (10) provided with a plate
section (13); and brake discs (1) provided with circular
plate sections (2) which have front surfaces (2a) serving
as slide surfaces and which also have fin sections (3)
provided protruding from the back surfaces (2b) of the
circular plate sections (2). The two brake discs (1) grip
the plate section (13) of the wheel (10) with the slide
surfaces of the brake discs (1) facing outward and are
fastened within the regions of the slide surfaces. A small-
est cross-section section, the cross-sectional area of
which is the smallest in a cross-section of the space be-
tween the wheel (10) and a brake disc (1), the cross-
section being taken circumferentially across the space,
is present in a region formed by the outer peripheral sur-
face (2c) of the circular plate section (2) and by the inner
peripheral surface (12b) of a rim section (12). In a region
starting at and outward of the smallest cross-section sec-
tion, the outer peripheral surface (2c) of the circular plate
section (2) extends along the inner peripheral surface
(12b) of the rim section (12). The brake discs of the rail-
way vehicle wheel have a simple shape and can be man-
ufactured with high productivity, and an aerodynamic
sound during high-speed traveling can be effectively re-
duced.

CITATION LIST

PATENT LITERATURE

[0008]

Patent Literature 1: JP2007-205428A
Patent Literature 2: JP 2006 009862 A
Patent Literature 3: DE 36 03 555 A1
Patent Literature 4: EP 2 360 386 A1
Patent Literature 5: WO 2015/122148 A1

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0009] By providing a circumferential rib in a brake disc
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that has a plurality of radial fins as described in Patent
Literature 1, noise can be reduced in comparison to a
case where a brake disc has no circumferential rib. How-
ever, in the case of the brake disc described in Patent
Literature 1, in order to reduce the noise that arises as
the air flow rate increases due to an additional increase
in speed, it is necessary to further reduce an opening
area between the circumferential rib and the wheel.
When the opening area is reduced in this way, the prob-
lem arises that, because of a reduction in the air flow
rate, the heat-release performance of the brake disc can-
not be adequately secured.
[0010] The present inventors performed tests to ascer-
tain the sound sources of a brake disc for the purpose of
developing a low-noise brake disc that does not lower
the heat-release performance of the brake disc.
[0011] First, the sound sources of a brake disc rotating
at high speed as well as sound sources around the brake
disc were investigated using a microphone array sound
source location system. As a result, it was revealed that
sound sources are present in the vicinity of the brake disc
and within the brake disc. Next, a test was performed in
which each portion of the brake disc that was thought to
generate a turbulent flow that became a noise source
was blocked up. Specifically, the term "each portion" re-
fers to an inlet (opening portion on the inner circumfer-
ential side of the brake disc) and an outlet (opening por-
tion on the outer circumferential side of the brake disc)
of a flow path for air on the disk rear face, and an opening
end on the disk front face (sliding portion) side of each
through-hole through which a bolt for fastening the brake
disc to a wheel is inserted. It was confirmed that, as the
result of blocking up all of the aforementioned portions
and performing a noise test, the noise generated from
the brake disc was reduced to an extremely low level.
Further, a test was performed in which one location
among the aforementioned locations was not blocked
up, and the remaining two locations were blocked up. As
a result it was confirmed that noise of a specific frequency
is generated at the respective portions.
[0012] However, it was found that even when all of the
aforementioned noises were added together, the noise
level was lower than at a normal time, that is, a state in
which all the regions are open. In particular, there was a
large difference in a high frequency range of 800 Hz or
more.
[0013] The present inventors analyzed the results of
these tests, and reached the conclusion that noise
caused by fluctuations in an airflow on the brake disc rear
face is the largest factor, and completed the present in-
vention by performing tests in which the shape of a cir-
cumferential rib that produces fluctuations in such an air-
flow was changed in various ways.
[0014] An objective of the present invention is, with re-
spect to a brake disc for a railway vehicle, to significantly
reduce noise that arises from a brake disc during high-
speed rotation of a wheel, without lowering the heat-re-
lease performance of the brake disc.

SOLUTION TO PROBLEM

[0015] The present invention is a brake disc for a rail-
way vehicle that includes: a disc plate portion having a
sliding portion on a front face (a plate-like portion exclud-
ing radial fins and a circumferential rib and the like that
are described below of the brake disc is referred to as a
"disc plate portion"); a plurality of radial fins provided on
a rear face of the disc plate portion and having a shape
extending in a radial direction of the disc plate portion; a
circumferential rib provided between each pair of radial
fins that are adjacent among the plurality of radial fins,
and having a shape extending in a circumferential direc-
tion of the disc plate portion; wherein: a flow path for air
that runs from an inner circumferential side to an outer
circumferential side of the disc plate portion is formed
between the pair of radial fins in a state in which the disc
plate portion is fastened to a wheel of a railway vehicle,
and the flow path for air is narrowed by the circumferential
rib; and a gradual slope for suppressing fluctuations in
an airflow that passes between the pair of radial fins is
provided on the circumferential rib on a side face along
the radial direction of the disc plate portion.
[0016] According to this configuration, an action
whereby air passing between a pair of radial fins is dis-
turbed by a circumferential rib and generates a large
noise is suppressed, and by this means noise that is gen-
erated from the brake disc during high-speed rotation
can be reduced by a large margin. Therefore, noise can
be reduced by a large margin without reducing the area
of an opening portion between the circumferential rib and
the wheel which influences the heat-release perform-
ance.
[0017] Preferably, the gradual slope may be provided
on one side face of the circumferential rib that faces the
inner circumferential side along the radial direction of the
disc plate portion, or on both side faces of the circumfer-
ential rib that face the inner circumferential side and the
outer circumferential side, respectively, along the radial
direction of the disc plate portion.
[0018] According to this configuration, by at least one
of the side faces of the circumferential rib being formed
to have a gradual slope facing toward the inner circum-
ferential side along the radial direction of the disc plate
portion, noise that is generated by fluctuations in an air-
flow that passes the circumferential rib can be reduced.
[0019] More preferably, the gradual slope may have a
configuration including a top-part gradual slope that is
provided at least at a top part of the circumferential rib,
wherein the top-part gradual slope is a convex curved
face having a radius of curvature of 2 mm or is a sloping
face which is more gradual than the convex curved face,
the top-part gradual slope being provided at a side portion
facing the inner circumferential side of the disc plate por-
tion, at a section of 2 mm or more in the radial direction
of the disc plate portion, and at a section of 2 mm or more
in a rotational axis direction of the disc plate portion from
a vertex of the circumferential rib.
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[0020] More preferably, the gradual slope may have a
configuration having a top-part gradual slope that is pro-
vided at least at a top part of the circumferential rib,
wherein the top-part gradual slope is a convex curved
face having a radius of curvature of 5 mm or is a sloping
face which is more gradual than the convex curved face,
the top-part gradual slope being provided at a side portion
facing the inner circumferential side of the disc plate por-
tion, at a section of 5 mm or more in the radial direction
of the disc plate portion, and at a section of 5 mm or more
in a rotational axis direction of the disc plate portion from
a vertex of the circumferential rib.
[0021] According to these configurations, noise gen-
erated at the circumferential rib can be reduced without
increasing the volume of the circumferential rib. When
the brake disc undergoes thermal expansion and thermal
contraction, and hence stress fluctuations arise in a bolt
that fastens the brake disc to the wheel and the volume
of the circumferential rib increases, the rigidity of the
brake disc increases, and hence the stress range of the
bolt increases. According to the above configurations,
because the volume of the circumferential rib can be
made small, the stress range that arises in a bolt can be
made small while also reducing the noise.
[0022] Specifically, a configuration is adopted in which
the circumferential rib connects the pair of radial fins, and
which has a flow path for air between the wheel and the
circumferential rib.
[0023] In this configuration, the aforementioned effect
of reducing noise that is realized by the gradual slope is
obtained to a further degree.

ADVANTAGEOUS EFFECTS OF INVENTION

[0024] According to the present invention, in a brake
disc for a railway vehicle, noise that arises from the brake
disc during high-speed rotation of a wheel can be reduced
by a large margin without lowering the heat-release per-
formance of the brake disc.

BRIEF DESCRIPTION OF DRAWINGS

[0025]

[FIG. 1] FIG. 1 is a perspective view illustrating one
example of a brake system in a railway vehicle.
[FIG. 2] FIG. 2 is a plan view illustrating the rear face
of a brake disc of a first embodiment.
[FIG. 3A] FIG. 3A is a cross-sectional view along a
line indicated by arrows A-A in FIG. 2, that shows a
cross-section of respective portions of the brake
disc.
[FIG. 3B] FIG. 3B is a cross-sectional view along a
line indicated by arrows B-B in FIG. 2, that shows a
cross-section of respective portions of the brake
disc.
[FIG. 3C] FIG. 3C is a cross-sectional view along a
line indicated by arrows B-B in FIG. 2, that shows a

cross-section of respective portions of the brake
disc, and which shows a modification of the circum-
ferential rib.
[FIG. 4A] FIG. 4A is a plan view of a front face side
of the brake disc, that illustrates a brake disc accord-
ing to a first reference example, which is not covered
by the invention as claimed.
[FIG. 4B] FIG. 4B is a cross-sectional view along a
line indicated by arrows C-C in FIG. 4A, that illus-
trates the brake disc according to the first reference
example, which is not covered by the invention as
claimed.
[FIG. 5] FIG. 5 is a graph showing test results with
respect to noise relating to a radial fin and a circum-
ferential rib.
[FIG. 6] FIG. 6 is a graph showing test results with
respect to noise relating a through-hole for a bolt.
[FIG. 7] FIG. 7 is a view for describing an average
inclination angle of a gradual slope.
[FIG. 8] FIG. 8 is a graph that illustrates the relation
between the volume of a circumferential rib and a
bolt stress range.
[FIG. 9] FIG. 9 is a chart for describing a first form
L1 to a fifth form L5 of the circumferential rib and a
comparative form L6 shown in FIG. 8.
[FIG. 10] FIG. 10 is a view for describing a circum-
ferential rib of the second embodiment.
[FIG. 11] FIG. 11 is a frequency graph showing a
comparison of noise levels between circumferential
ribs of the second embodiment and a conventional
circumferential rib.
[FIG. 12] FIG. 12 is a chart that shows the forms of
the circumferential ribs that are compared in FIG. 11.
[FIG. 13] FIG. 13 is a graph which compares overall
noise levels of prescribed frequency ranges.
[FIG. 14] FIG. 14 is a multiple view drawing for de-
scribing the forms of grooves provided in a front face
of a disc plate portion, in which FIG. 14A to FIG. 14E
show a first form to a fifth form, respectively.
[FIG. 15] FIG. 15 is a frequency graph illustrating the
relation between the width of grooves and the noise
level.
[FIG. 16] FIG. 16 is a frequency graph illustrating the
relation between connection locations of grooves
and the noise level.
[FIG. 17] FIG. 17 is a graph illustrating the relation
between a connection form of a groove and the over-
all noise level of prescribed frequency ranges.

DESCRIPTION OF EMBODIMENTS AND REFER-
ENCE EXAMPLES

[0026] Hereunder, respective embodiments of the
present invention, and reference examples useful for un-
derstanding the invention are described in detail referring
to the accompanying drawings.
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(First Embodiment)

[0027] FIG. 1 is a perspective view that illustrates one
example of a brake system in a railway vehicle. FIG. 2
is a plan view that illustrates a rear face of a brake disc
of a first embodiment. FIG. 3 is a multiple view drawing
illustrating cross-sections of respective portions of the
brake disc, in which FIG. 3A is a cross-sectional view
along a line indicated by arrows A-A in FIG. 2, FIG. 3B
is a cross-sectional view along a line indicated by arrows
B-B in FIG. 2, and FIG. 3C is a cross-sectional view along
a line indicated by arrows B-B in FIG. 2, which shows a
modification of a circumferential rib.
[0028] Hereunder, a side facing toward an outer cir-
cumference along a radial direction of a brake disc 10 is
defined as an "outer circumferential side", and a side
facing toward an inner circumference along the radial
direction of the brake disc 10 is defined as an "inner cir-
cumferential side".
[0029] A brake system of the first embodiment of the
present invention is mounted in a rapid-transit railway
vehicle. The brake system includes: the brake disc 10
that is fastened to a side portion of a wheel 100 of the
railway vehicle, a sliding-contact member 200 that con-
tacts against the brake disc 10 to generate a braking
force, and a movable portion 210 that is capable of press-
ing the sliding-contact member 200 in a direction in which
the sliding-contact member 200 contacts the brake disc
10. Although the configuration is not particularly limited,
the brake disc 10 and the sliding-contact member 200
are each provided on both side faces of each wheel 100,
and the movable portion 210 is configured to sandwich
the wheel 100 by means of two of the sliding-contact
members 200.
[0030] The brake disc 10 is an annular disc, and a front
face 10f of a disc plate portion is a sliding portion. A plu-
rality of radial fins 11a and 11b, and a plurality of circum-
ferential ribs 13 are provided on a rear face 10r of the
disc plate portion. In the brake disc 10, a plate-like portion
that excludes the radial fins 11a and 11b and the circum-
ferential ribs 13 is called a "disc plate portion".
[0031] Further, a plurality of through-holes 12 for pass-
ing bolts through from the front face to the rear face are
provided in the brake disc 10. In FIG. 2, to avoid compli-
cation of the illustration, only some of the radial fins 11a
and 11b, the through-holes 12, and the circumferential
ribs 13 are denoted by reference characters.
[0032] The radial fins 11a and 11b are portions having
a shape extending in the radial direction of the disc plate
portion which protrude from the rear face of the disc plate
portion toward a plate portion of the wheel 100. The plu-
rality of radial fins 11a and 11b are provided at approxi-
mately even intervals in the circumferential direction of
the disc plate portion.
[0033] The circumferential rib 13 has a shape that ex-
tends in the circumferential direction of the disc plate por-
tion, and is provided between each pair of adjacent radial
fins 11a and 11b among the plurality of radial fins 11a

and 11b so as to connect the relevant pair of radial fins
11a and 11b.
[0034] The plurality of through-holes 12 are provided
on the same diameter of the disc plate portion, and are
aligned at even intervals in the circumferential direction
of the disc plate portion.
[0035] As illustrated in FIG. 3A, a top part of the radial
fins 11a and 11b contacts a side face of the wheel 100.
The circumferential rib 13 has a height such that a gap
exists between the top part of the circumferential rib 13
and the wheel 100. By means of this configuration, when
the brake disc 10 is fastened to the wheel 100, a flow
path for air is formed that is surrounded by the radial fins
11a and 11b, the rear face 10r of the disc plate portion,
and the plate portion of the wheel 100. Further, when the
wheel 100 and the brake disc 10 rotate, air flows from
the inner circumferential side to the outer circumferential
side through the aforementioned flow path, and by this
means heat of the brake disc 10 is released.
[0036] In the present embodiment a gradual slope is
formed on a side face 13a on the inner circumferential
side and on a side face 13b on the outer circumferential
side of the circumferential rib 13. The inclination angle
of the gradual slope is smaller than the casting draft an-
gle, and preferably the gradual slope is formed with an
average inclination angle of 50° or less, and more pref-
erably with an average inclination angle of 45° or less.
The term "draft angle" means, when the brake disc 10 is
cast, a gradient that is closest to 90° among gradients
that enable the circumferential rib 13 to be molded and
extracted from the mold without performing undercut
processing. In FIG. 3B and FIG. 3C, the draft angle is
indicated by an imaginary line. In the gradual slope of
the circumferential rib 13, the average inclination angle
is less than the slope of the side faces of the radial fins
11a and 11b. Here, the term "average inclination angle"
means, as illustrated in FIG. 7, an angle α formed by a
straight line A-B linking an end point A of rounding
processing on a base side on the side face 13a of the
circumferential rib 13 and an end point B of rounding
processing on a top side of the side face 13a, and a
straight line A-C that is parallel to the plate surface of the
brake disc 10.
[0037] The side faces 13a and 13b having a gradual
slope of the circumferential rib 13 may be formed to have
a curved surface shape having a bulge, or to have a
curved surface shape having a hollow, or to have a flat
surface or circular conical surface shape.
[0038] The actions of the brake disc 10 of the first em-
bodiment will be described later.

(First Reference Example, which is not covered by the 
invention as claimed)

[0039] FIG. 4 is a multiple view drawing illustrating a
brake disc according to a first reference example, in
which FIG. 4A is a plan view of a front face side (sliding
portion side) of the brake disc, and FIG. 4B is a cross-
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sectional view along a line indicated by arrows C-C in
FIG. 4A.
[0040] Similarly to the first embodiment, the brake sys-
tem of the first reference example is mounted in a rapid-
transit railway vehicle. In the brake system, a brake disc
10A is fastened to a side portion of the wheel 100 (FIG.
1) of the railway vehicle, and the sliding-contact member
200 (FIG. 1) is pushed against the front face of the brake
disc 10A to generate a braking force.
[0041] A plurality of through-holes 12 that pass through
from a front face 10f to the rear face, and a groove 15
that links the plurality of through-holes 12 on the front
face 10f are provided in the brake disc 10A.
[0042] The plurality of through-holes 12 are provided
on the same diameter of the brake disc 10A, and are
provided at even intervals in the circumferential direction
of the brake disc 10A. As illustrated in FIG. 4B, each
through-hole 12 has a minor diameter portion 12t with a
small diameter which allows the shaft of a bolt to pass
therethrough, and a major diameter portion 12w with a
large diameter at which the head of a bolt or a nut is to
be disposed. The major diameter portion 12w may have
a depth such that the head of a bolt or a nut sinks therein,
or may have a configuration in which the depth thereof
is shorter than the height of the head of a bolt or a nut,
and a part of the head of a bolt or a nut projects into the
groove 15. Further, the depth of the major diameter por-
tion 12w may be made the same as the height of the
head of a bolt or a nut. In each of these cases, the head
of the bolt or the nut does not project further outward than
the front face 10f of the brake disc 10.
[0043] The groove 15 is formed in an annular shape
so as to link the plurality of through-holes 12 in the front
face part of the brake disc 10A. The groove 15 is provided,
for example, such that the shape thereof is along a con-
centric circle of the brake disc 10A.
[0044] The structure that links the plurality of through-
holes 12 by means of the groove 15 may be adopted in
the brake disc 10 having the radial fins 11a and 11b and
the circumferential ribs 13 of the first embodiment, or may
be adopted in a brake disc having a different structure to
the first embodiment.

<Actions and Effects>

[0045] FIG. 5 is a graph showing results of noise tests
relating to radial fins and circumferential ribs. FIG. 6 is a
graph showing results of noise tests relating to through-
holes for bolts.
[0046] FIG. 5 and FIG. 6 show test results with respect
to a conventional brake disc. The term "conventional
brake disc" means a brake disc which has radial fins,
circumferential ribs, and through-holes for bolt, in which
the circumferential ribs are in the shape illustrated by a
chain double-dashed line in FIG. 3B, and the groove 15
is not provided in the front face part of the disc plate
portion. In FIG. 5 and FIG. 6, a graph line E represents
the noise level when the conventional brake disc is ro-

tated at high speed together with a wheel. A graph line
L represents the noise level when the conventional brake
disc is rotated at high speed together with a wheel in a
state in which only the through-holes for bolts are blocked
up. A graph line H in FIG. 5 represents the noise level
when the conventional brake disc is rotated at high speed
together with a wheel in a state in which all portions are
blocked up except for opening portions on the outer cir-
cumferential side of flow paths for air of pairs of adjacent
radial fins. A graph line I in FIG. 5 represents the noise
level when the conventional brake disc is rotated at high
speed together with a wheel in a state in which all portions
are blocked up except for opening portions on the inner
circumferential side of the aforementioned flow paths for
air. A graph line F in FIG. 6 represents the noise level
when the conventional brake disc is rotated at high speed
together with a wheel in a state in which the aforemen-
tioned opening portions on the inner circumferential side
and outer circumferential side of the flow paths for air
and the through-holes for bolts are blocked up. A graph
line G in FIG. 6 represents the noise level when the con-
ventional brake disc is rotated at high speed together
with a wheel in a state in which all portions are blocked
up except for the through-holes for bolts.
[0047] As a result of conducting the tests it was found
that the noise of the conventional brake disc includes
noise that arises which is attributable to the radial fins at
opening portions on the outer circumferential side or in-
ner circumferential side of the aforementioned flow path
for air, noise that arises which is attributable to the cir-
cumferential ribs within the aforementioned flow path for
air, and noise that arises due to the through-holes for
bolts.
[0048] The noise in a range W3 of the graph line I in
FIG. 5 is estimated to be noise which is attributable to
radial fins at opening portions on the inner circumferential
side. Further, the noise in a range W2 of the graph line
H in FIG. 5 is estimated to be noise which is attributable
to radial fins at opening portions on the outer circumfer-
ential side. In addition, the noise in a range W1 in which
a difference between the graph lines E and L and the
graph lines H and I is large is estimated to be noise which
is generated when an airflow within the flow path is dis-
turbed by a circumferential rib. Further, the noise in a
range W4 of the graph line G in FIG. 6 is estimated to be
noise which is attributable to the through-holes for bolts.
The noise level of the graph line L for the time when only
the through-holes for bolts were blocked up in the range
W4 is 1 to 2 dB lower than the noise level for the graph
line E. Based on this fact, it is considered that the noise
which is attributable to the through-holes for bolts in the
range W4 is of the same level as the noise attributable
to airflows that flow through a flow path on the disk rear
face.
[0049] As shown in FIG. 5, the noise level of the brake
disc 10 of the first embodiment which is shown in the
range W1 is reduced by a large margin in comparison to
the conventional brake disc. The reason is considered
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to be that fluctuations in an airflow that passed the cir-
cumferential rib 13 are suppressed significantly by the
gradual slope of the circumferential rib 13. Therefore, it
is found that, according to the brake disc 10 of the first
embodiment, noise is reduced by a large margin without
the flow rate of air that releases heat from the brake disc
10 decreasing significantly.
[0050] As shown in FIG. 6, the noise of the brake disc
10A of the first reference example which is shown in the
range W4 that was generated by through-holes is re-
duced by a large margin in comparison to the graph line
G which represents the noise level when only bolt holes
were open. It is considered that this is because the an-
nular groove 15 is provided so as to link the plurality of
through-holes 12. Thus, it is found that, according to the
brake disc 10A of the first reference example, by reducing
the noise attributable to the through-holes 12, the noise
level is reduced by a large margin in comparison to the
conventional brake disc. However, it is taken as a
premise that noise of the same frequency range which
is produced by other factors such as an airflow that flows
along a flow path on the rear face of the disc plate portion
is reduced.
[0051] While a first embodiment and a first reference
example have been described above, the present inven-
tion is not limited to the first embodiment. For example,
the placement of the circumferential ribs 13 can be
changed in various ways, such as providing the circum-
ferential ribs 13 on the inner circumferential portion or
outer circumferential portion of the disc plate portion, or
midway between the inner circumferential portion and
the outer circumferential portion. Further, a structure that
narrows a flow path for air between pairs of radial fins by
means of circumferential ribs is not limited to a structure
in the above embodiment. The circumferential rib 13 of
the foregoing embodiment has a structure that connects
a pair of radial fins that are adjacent, and in which the
height in the rotational axis direction of the disc plate
portion is lower than the height of the radial fin. However,
for example, the circumferential rib may have a structure
that has the same height as the radial fin, but in which
the extent of the circumferential rib in the lateral direction
(extent in the circumferential direction of the disc plate
portion) does not extend over the whole area between
the pair of radial fins and leaves a part of the region over
which the circumferential rib does not extend. In other
words, the circumferential rib may have a structure in
which there is a flow path for air between the radial fins
and the circumferential rib, or in which there is a flow path
for air between the circumferential rib that is connected
to a radial fin on one side and the other radial fin. In this
case, the vertex portion of the circumferential rib corre-
sponds to an end in the rotational axis direction of the
disc plate portion (end facing the flow path for air). In
addition, in this case also the circumferential rib may be
provided at various positions such as at an inner circum-
ferential portion or outer circumferential portion of the
disc plate portion, or midway between the inner circum-

ferential portion and the outer circumferential portion.
Further, although in the embodiment described above a
structure is adopted in which the top part of all of the
radial fins contacts one side of the wheel, a structure may
be adopted in which a small gap arises between the top
part of some of the radial fins and one side of the wheel.
In addition, although in the embodiment described above
the radial fins are made approximately the same length
as the length in the radial direction of the disc plate por-
tion, the radial fins may have a structure that has a shorter
length than the length in the radial direction of the disc
plate portion. Further, in the first reference example, the
groove 15 need not be formed to be along the same di-
ameter of the disc plate portion. Even in such a case, a
noise reducing effect is obtained. In addition, the details
described in the embodiments can be appropriately
changed within a range that does not depart from the gist
of the invention.

(Second Embodiment)

[0052] FIG. 8 is a graph that illustrates the relation be-
tween the volume of a circumferential rib and a bolt stress
range. Here, the term "bolt stress range" refers to a fluc-
tuation range from stress that arises in a bolt in a state
in which a disc does not thermally expand to stress that
arises in a bolt in a state in which a disc thermally ex-
panded. FIG. 9 is a chart for describing each of a first
form L1 to a fifth form L5 of a circumferential rib and a
comparative form L6 shown in FIG. 8.
[0053] Hereunder, a direction along the plate surface
of the brake disc 10 is defined as the horizontal direction,
a direction perpendicular to the plate surface is defined
as the height direction, and the circumferential direction
of the brake disc 10 is defined as the circumferential di-
rection of each portion.
[0054] The brake disc 10 thermally expands due to fric-
tional heat during braking of a railway vehicle, and as a
result the tensile stress and bending stress of the bolt
changes. The ordinate in FIG. 8 represents the stress
range (difference between highest value and lowest val-
ue) of tensile stress and bending stress that arises in a
bolt when a certain temperature change is applied to the
brake disc 10. The abscissa in FIG. 8 represents the vol-
ume of the circumferential rib. The respective values plot-
ted on the graphs in FIG. 8 represent a stress range with
respect to the volume of the circumferential rib when cir-
cumferential ribs 13 of the first form L1 to the fifth form
L5 in FIG. 9 are adopted as well as for the comparative
form L6 (case without a circumferential rib).
[0055] In the circumferential ribs 13 of the first form L1
to the fifth form L5 in FIG. 9, the height is constant, and
the length of a top-part horizontal portion Ld, the shape
of a top-part gradual slope SL0 and the shape of a base-
part gradual slope SL1 differ as shown in the chart in
FIG. 9. The term "top-part horizontal portion Ld" refers
to a horizontal region that is provided at the vertex portion
of the circumferential rib 13. The term "top-part gradual
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slope SL0" refers to a sloped portion from the vertex por-
tion of the circumferential rib 13 to a base part or an in-
terruption portion. The term "base-part gradual slope
SL1" refers to a sloped portion of the base part of the
circumferential rib 13. The character "R" in the chart de-
notes radius of curvature [mm]. The top-part gradual
slope SL0 and the base-part gradual slope SL1 are dis-
posed on the inner circumferential side of the circumfer-
ential rib 13.
[0056] As illustrated in the graph in FIG. 8, the stress
range of the bolt changes depending on the volume of
the circumferential rib 13 that is located in the vicinity of
the bolt. For example, if the circumferential rib 13 has a
shape as illustrated in the first form L1 in FIG. 9 that has
a large volume, the rigidity of the circumferential rib 13
will be large and hence the stress range of the bolt will
be large. On the other hand, if the circumferential rib 13
has a shape as illustrated in the fifth form L5 in FIG. 9
that has a small volume, the rigidity of the circumferential
rib 13 will be relatively small, and hence the stress range
of the bolt will also be small. Based on the graph in FIG.
8, by making the volume of the circumferential rib 13 less
than or equal to that of the fifth form L5, the stress range
of the bolt will be equal to the stress range in the case of
the comparative form L6 in which there is no circumfer-
ential rib 13.
[0057] As described above, in a case where the volume
of the circumferential rib 13 is increased to reduce the
noise, the problem arises that the stress range of the bolt
increases. Therefore, the brake disc of the second em-
bodiment has a circumferential rib 13A (see FIG. 10) that
can reduce noise without large increase in the stress
range of a bolt.
[0058] FIG. 10 is a view for describing the circumfer-
ential rib of the second embodiment. FIG. 11 is a fre-
quency graph showing a comparison of the noise levels
between the circumferential ribs of the second embodi-
ment and a conventional circumferential rib. FIG. 12 is a
chart showing the forms of the circumferential ribs that
are compared in FIG. 11.
[0059] The circumferential rib 13A of the second em-
bodiment includes a top-part gradual slope SL0 on the
inner circumferential side. The top-part gradual slope
SL0 is provided in the range of a section La1 in a radial
direction of the disc plate portion on the inner circumfer-
ential side of the circumferential rib 13A, and in the range
of a section La2 in the rotational axis direction of the disc
from the vertex of the circumferential rib 13A. Preferably,
the top-part gradual slope SL0 is provided at least in an
area where both of the sections La1 and La2 are 2 mm
or more, and is a convex curved face having an R of 2
mm or a sloping face that is more gradual than such a
convex curved face. Further preferably, the top-part grad-
ual slope SL0 is provided at least in an area where both
of the sections La1 and La2 are 5 mm or more, and is a
convex curved face having an R of 5 mm or a sloping
face that is more gradual than such a convex curved face.
[0060] The circumferential rib 13A of the second em-

bodiment further includes, on the inner circumferential
side, a straight line section Lb that extends to the top-
part gradual slope, and a base-part gradual slope SL1.
It suffices to make the straight line section Lb near to
vertical within a manufacturable range. By this means,
the volume of the circumferential rib 13A can be made
small. Further, if a margin exists with respect to the bolt
stress range, the straight line section Lb may be provided
with an inclination. Further, the straight line section Lb
may be configured as a curved surface section that has
a gradual curvature.
[0061] The base-part gradual slope SL1 is, for exam-
ple, a concave curved face having an R of 5 mm. How-
ever, the base-part gradual slope SL1 may also be a flat
surface or a curved surface with a slope that is easy to
manufacture. Further, the base-part gradual slope SL1
may be omitted to the extent allowed within a manufac-
turable range.
[0062] Further, the circumferential rib 13A of the sec-
ond embodiment may include a top-part horizontal por-
tion Ld, or need not include a top-part horizontal portion
Ld. In a case where the circumferential rib 13A includes
a top-part horizontal portion Ld, the range of the top-part
horizontal portion Ld is preferably made around 1 mm to
20 mm. The larger the top-part horizontal portion Ld is,
the greater the volume of the circumferential rib 13A be-
comes, and the greater the influence thereof on the stress
range of a bolt. Therefore, it suffices to set the size of the
top-part horizontal portion Ld to an appropriate size in
consideration of the bolt stress range and the required
strength of the circumferential rib 13A. In addition, the
outer circumferential side of the circumferential rib 13A
may be formed as a vertical structure or may be provided
with a gradual slope within a manufacturable range. As
the slope of the outer circumferential side of the circum-
ferential rib 13A becomes more gradual, the volume of
the circumferential rib 13A becomes larger and the bolt
stress range increases. Therefore, it suffices to appro-
priately set the outer circumferential side of the circum-
ferential rib 13A within a range such that there is some
margin in the bolt stress range. Further, the height of the
circumferential rib 13A can be appropriately adjusted by
means of the length of the straight line section Lb.

<Actions and Effects>

[0063] FIG. 11 is a frequency graph that shows a com-
parison between the noise of circumferential ribs of the
second embodiment and a conventional circumferential
rib. FIG. 12 is a chart showing the shapes of the circum-
ferential ribs in FIG. 11. FIG. 13 is a graph in which overall
noise levels in a range from 400 Hz to 5000 Hz are com-
pared.
[0064] In this case, a partial model of the area between
a pair of adjacent radial fins 11a and 11b was created,
air was caused to flow therethrough at a predetermined
air velocity, and the noise was measured. The flow path
for air between the radial fins 11a and 11b was placed,
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in a simulated manner, in a state in which the flow path
was enclosed by one side of the disc plate portion and
one side of the plate portion of the wheel 100. Further,
the circumferential rib 13A was disposed so as to block
one part of the flow path. The ordinate in FIG. 11 repre-
sents the noise level of each frequency band, and the
abscissa in FIG. 11 represents the center frequency of
a one-third octave band. Further, "O.A" described on the
abscissa represents "overall", and "P-O.A" described on
the abscissa represents overall in a range of 400 Hz to
5000 Hz.
[0065] In this case, noise was measured for the cir-
cumferential ribs 13A from the first form P1 to the seventh
form P7 in FIG. 12. In the chart in FIG. 12, "R" denotes
the radius of curvature [mm], "top-part gradual slope
shape" denotes the radius of curvature of the convex
curved face of the top-part gradual slope SL0, and "base-
part gradual slope shape" denotes the radius of curvature
of the concave curved face of the base-part gradual slope
SL1 in FIG. 10. Further, as a comparison object, a cir-
cumferential rib having a current shape that was formed
in a cross-sectionally rectangular shape by cutting was
also tested along with the circumferential ribs.
[0066] As illustrated in FIG. 11, it was confirmed that
when the circumferential ribs 13A of the first form P1 to
the seventh form P7 were adopted, the noise level could
be reduced in comparison to the circumferential rib with
the current shape. Further, when the overall noise levels
in the range of 400 Hz to 5000 Hz were compared, as
illustrated in FIG. 13, it was confirmed that, in comparison
to the current shape, the noise level can be markedly
reduced by adopting the first form P1 to the seventh form
P7.
[0067] Note that, when measuring these respective
noises, slight differences arose in the air quantity (flow
velocity) that passed between the pair of radial fins 11a
and 11b due to differences in the shapes of the circum-
ferential ribs 13A. In the case of the actual brake disc 10,
the air quantity is set to a predetermined value by adjust-
ing the height of the circumferential rib 13A so that an
appropriate cooling effect is obtained. Further, the flow
velocity influences the noise level. Therefore, with regard
to the values of the graph in FIG. 13, a correction was
performed so as to remove variations in the noise levels
caused by variations in the flow velocity.
[0068] In FIG. 13, based on a comparison of the test
results for the third form P3 and the seventh form P7, it
is found that the slope of the straight line section Lb does
not significantly influence the noise level. Further, based
on a comparison of the test results for the first form P1
to the third form P3, it was confirmed that the section La2
and shape of the top-part gradual slope SL0 influence
the noise level.
[0069] Further, it was confirmed that when the circum-
ferential rib 13A is the first form P1 in which the top-part
gradual slope SL0 is made a convex curved face having
the section La1 and section La2 that are each 2 mm and
a radius of curvature R of 2 mm, the overall noise level

in the range of 400 Hz to 5000 Hz can be reduced by
approximately 10 dB (A) relative to the current shape. In
addition, when the circumferential rib 13A is the second
form P2 in which the top-part gradual slope SL0 is made
a convex curved face having the section La1 and section
La2 that are each 5 mm and a radius of curvature R of 5
mm, the overall noise level in the range of 400 Hz to 5000
Hz can be reduced by approximately 14 dB relative to
the current shape. Furthermore, when the circumferential
rib 13A is the fifth form P5 in which the top-part gradual
slope SL0 is made a convex curved face having the sec-
tion La1 and section La2 that are each 5 mm and a radius
of curvature R of 10 mm, the overall noise level in the
range of 400 Hz to 5000 Hz can be reduced by 18.5 dB
relative to the current shape.
[0070] Based on these test results, it is found that ac-
cording to the circumferential rib 13A of the second em-
bodiment, the noise level can be markedly reduced.
[0071] As described above, according to the brake disc
10 of the second embodiment, the level of noise that aris-
es at the location of the circumferential rib 13A can be
markedly reduced without large increase in the bolt stress
range.

(Second Reference Example, which is not covered by 
the invention as claimed)

[0072] FIG. 14 is a multiple view drawing for describing
forms of a groove that is provided in a front face of a disc
plate portion, in which FIG. 14A to FIG. 14E show a first
form to a fifth form of the groove, respectively. Note that
FIG. 14 shows views that were subjected to coordinate
transformation so that the circumferential direction and
radial direction of the brake disc 10A become straight
line directions which are orthogonal to each other in one
section of grooves 15A and 15B.
[0073] In the brake disc 10A of the second reference
example, a groove 15A having a small width is adopted
instead of the groove 15 of the first reference example.
The width of the groove 15A is smaller than the diameter
of an opening portion 12F on a front face side (sliding
surface side of the brake disc 10A) of the disc plate por-
tion of the through-hole 12. Specifically, the diameter of
the opening portion 12F is, for example, 36 mm, and the
width of the groove 15A is, for example, 5 mm, 10 mm,
20 mm or the like. In a case where the opening portion
12F is not circular, the width of the groove 15A is smaller
than the width of the opening portion 12F in the radial
direction of the disc plate portion. The term "width of the
groove 15A" means the width of the groove 15A in the
radial direction of the disc plate portion.
[0074] The sliding-contact member 200 contacts the
front face of the brake disc 10A to generate a braking
force. Therefore, the groove 15A that is provided in the
sliding surface of the brake disc 10A decreases the slid-
ing surface. When the sliding surface decreases, if the
pressure of the sliding-contact member 200 is the same,
it results in an action that reduces the braking force. Fur-
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ther, when the width or depth of the groove 15A increas-
es, it results in an action that reduces the strength of the
brake disc 10A.
[0075] The groove 15A having a narrow width as de-
scribed above is adopted for the brake disc 10A of the
second reference example. Therefore, in the second ref-
erence example it is possible to secure the area of the
sliding surface of the brake disc 10A and maintain the
strength of the brake disc 10A while reducing noise that
arises at the through-holes for bolts 12 by means of the
groove 15A.
[0076] In a case where the groove 15A having a narrow
width is adopted, there are variations with respect to the
form of connection between pairs of adjacent opening
portions 12F and the groove 15A. Examples of such var-
iations include a pattern in which the groove 15A con-
nects inner circumferential portions Ri of a pair of adja-
cent opening portions 12F (FIG. 14A), a pattern in which
the groove 15A connects center portions Rc of adjacent
opening portions 12F (FIG. 14B), and a pattern in which
the groove 15A connects outer circumferential portions
Ro of adjacent opening portions 12F (FIG. 14C). In ad-
dition, there is a pattern in which, among a pair of adjacent
opening portions 12F, the groove 15A diagonally con-
nects from the outer circumferential portion Ro of one of
the opening portions 12F to the inner circumferential por-
tion Ri of the other opening portion 12F (FIG. 14D). In
addition, there is a pattern (hereinafter, referred to as
"staggered"; FIG. 14E) in which a connection between
the inner circumferential portions Ri and a connection
between the outer circumferential portions Ro of pairs of
adjacent opening portions 12F are alternately repeated
and the like. The terms "inner circumferential portion Ri",
"center portion Rc" and "outer circumferential portion Ro"
refer to the respective portions when the opening portion
12F is divided into three portions at equal intervals in the
radial direction of the brake disc 10A.
[0077] With respect to the connection patterns of the
groove 15A of the second reference example, the con-
nection patterns from FIG. 14B to FIG. 14D are included
among the aforementioned plurality of patterns, and the
connection patterns of a groove 15B illustrated in FIG.
14A and FIG. 14E are excluded.
[0078] That is, in the second reference example, in a
case where the width of the groove 15A is not more than
one half of the diameter of the opening portion 12F, with
respect to the connection locations between the groove
15A and the opening portions 12F, a connection location
excluding the inner circumferential portion Ri of the open-
ing portion 12F is adopted for the connection with at least
one of the pair of opening portions 12F and 12F. The
term "connection location excluding the inner circumfer-
ential portion Ri" means the center portion Rc, the outer
circumferential portion Ro, or a portion that straddles the
center portion Rc and the outer circumferential portion
Ro of the opening portion 12F. For example, a width of
5 mm or 10 mm or the like is appropriate as the width of
the groove 15A.

[0079] Further, in the second reference example, in a
case where the width of the groove 15A is greater than
one half of the diameter of the opening portion 12F, with
respect to the connection locations between the groove
15A and the opening portions 12F, a connection location
that does not include an inner circumference end of the
opening portion 12F is adopted for the connection with
at least one of the pair of opening portions 12F and 12F.
The term "inner circumference end" refers to an end por-
tion of the opening portion 12F that is nearest the inner
circumference of the brake disc 10A. A case where the
width of the groove 15A is greater than one half of the
diameter of the opening portion 12F is, for example, a
case where the groove width is 20 mm. Note that, irre-
spective of the groove width and connection locations,
the groove 15A preferably has a depth such that the bot-
tom of the groove is located at a height that is substantially
equal to the height of the vertex portion of a bolt or a nut.

<Actions and Effects>

[0080] FIG. 15 is a graph showing the relation between
the frequency of noise and the noise level for each groove
width. FIG. 16 is a graph showing the relation between
the frequency of noise and the noise level for each con-
nection location of the groove. FIG. 17 is a graph showing
the noise level in a frequency range from the 1250 Hz
band to the 5000 Hz band for each connection form of
the groove. In these drawings, the forms of the plurality
of grooves that are the objects are described in the format
"connection location - groove width". In the form "center
portion - 20 mm", although the groove 15A is connected
to a part of the outer circumferential portion Ro and also
a part of the inner circumferential portion Ri of the opening
portion 12F since the groove 15A is one half or more of
the diameter of the opening portion 12F, the form is
shown as one in which the center of the groove 15A is
connected so as to overlap with the center of the center
portion Rc. The ordinate in FIG. 15 and FIG. 16 repre-
sents the noise level for each one-third octave band, and
the abscissa in FIG. 15 and FIG. 16 represents the center
frequency for each one-third octave band. The ordinate
in FIG. 17 represents the noise level in the frequency
range from 1250 Hz to 5000 Hz.
[0081] Among the forms that are the objects, the pat-
terns "center - 5 mm", "center - 10 mm", "center - 20 mm",
"outer circumference - 10 mm" and "diagonal - 10 mm"
are examples of forms that are adopted in the second
reference example. The patterns "no groove", "inner cir-
cumference - 10 mm" and "staggered - 10 mm" are ex-
amples of comparative forms that are not adopted in the
second reference example.
[0082] Based on the results shown in FIG. 15, it is found
that when the width of the groove 15A is narrowed, the
noise reduction effect gradually decreases. On the other
hand, based on the results in FIG. 15, it is found that in
comparison to the case where there is no groove, a noise
reduction effect is obtained even when there is a groove
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with a width of only 5 mm. Further, based on the results
in FIG. 16 it is found that, in a case where the width of
the groove 15A is narrow, the noise reduction effect var-
ies depending on the connection location with respect to
the pair of adjacent opening portions 12F.
[0083] Further, based on the results in FIG. 17 it is
found that, although noise is reduced by the pattern "inner
circumference - 10 mm" and the pattern "staggered - 10
mm", the effect is small, while in contrast, a noticeable
noise reduction effect is obtained by the patterns adopted
in the second reference example. Based on these results
it is found that, by adopting the aforementioned connec-
tion forms between the groove 15A and the opening por-
tions 12F, noise that is generated at the location of the
groove 15A can be markedly reduced.
[0084] As described above, according to the brake disc
10A of the second reference example, noise that arises
due to the through-holes for a bolt 12 can be markedly
reduced without significantly reducing the sliding area.

INDUSTRIAL APPLICABILITY

[0085] The present invention can be utilized in a brake
disc for a railway vehicle.

REFERENCE SIGNS LIST

[0086]

10, 10A Brake Disc
10f Front Face (Sliding Portion)
10r Rear Face
11a, 11b Radial fin
12 Through-hole
12F Opening Portion
13, 13A Circumferential rib
13a Side Face on Inner Circumferential Side
13b Side Face on Outer Circumferential

Side
15, 15A, 15B Groove
La1, La2 Section of Top-part Gradual Slope
Lb Straight Line Section
Ri Inner Circumferential Portion
Rc Center Portion
Ro Outer Circumferential Portion
SL0 Top-part Gradual Slope
SL1 Base-part Gradual Slope

Claims

1. A brake disc (10, 10A) for a railway vehicle, compris-
ing:

a disc plate portion having a sliding portion on
a front face (10f),
a plurality of radial fins (11a, 11b) provided on
a rear face (10r) of the disc plate portion and

having a shape extending in a radial direction of
the disc plate portion, and
a circumferential rib (13, 13A) provided between
each pair of radial fins (11a, 11b) that are adja-
cent among the plurality of radial fins (11a, 11b),
and having a shape extending in a circumferen-
tial direction of the disc plate portion, wherein:

a flow path for air that runs from an inner
circumferential side to an outer circumfer-
ential side of the disc plate portion is formed
between the pair of radial fins (11a, 11b) in
a state in which the disc plate portion is fas-
tened to a wheel (100) of a railway vehicle,
and the flow path for air is narrowed by the
circumferential rib (13, 13A); character-
ised in that
a gradual slope for suppressing fluctuations
in an airflow that passes between the pair
of radial fins is provided on the circumfer-
ential rib (13, 13A) on a side face (13a, 13b)
along the radial direction of the disc plate
portion.

2. The brake disc (10, 10A) for a railway vehicle ac-
cording to claim 1, wherein the gradual slope is pro-
vided on one side face (13a) of the circumferential
rib (13, 13A) that faces the inner circumferential side
along the radial direction of the disc plate portion, or
is provided on both side faces (13a, 13b) of the cir-
cumferential rib (13, 13A) that face the inner circum-
ferential side and the outer circumferential side, re-
spectively, along the radial direction of the disc plate
portion.

3. The brake disc (10, 10A) for a railway vehicle ac-
cording to claim 1 or claim 2, wherein:

the gradual slope includes a top-part gradual
slope (SL0) that is provided at least at a top part
of the circumferential rib (13, 13A), and
the top-part gradual slope (SL0) is a convex
curved face having a radius of curvature of 2
mm or is a sloping face which is more gradual
than a convex curved face having a radius of
curvature of 2 mm, the top-part gradual slope
(SL0) being provided at a side portion facing the
inner circumferential side of the disc plate por-
tion, at a section of 2 mm or more in the radial
direction (La1) of the disc plate portion, and at
a section of 2 mm or more in a rotational axis
direction (La2) of the disc plate portion from a
vertex of the circumferential rib (13, 13A).

4. The brake disc (10, 10A) for a railway vehicle ac-
cording to claim 1 or claim 2, wherein:

the gradual slope includes a top-part gradual
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slope (SL0) that is provided at least at a top part
of the circumferential rib (13, 13A), and
the top-part gradual slope (SL0) is a convex
curved face having a radius of curvature of 5
mm or a sloping face which is more gradual than
a convex curved face having a radius of curva-
ture of 5 mm, the top-part gradual slope (SL0)
being provided at a side portion facing the inner
circumferential side of the disc plate portion, at
a section of 5 mm or more in the radial direction
(La1) of the disc plate portion, and at a section
of 5 mm or more in a rotational axis direction
(La2) of the disc plate portion from a vertex of
the circumferential rib (13, 13A).

5. The brake disc (10, 10A) for a railway vehicle ac-
cording to any one of claim 1 to claim 4, wherein the
circumferential rib (13, 13A) connects the pair of ra-
dial fins (11a, 11b), and having a flow path for air
between the wheel (100) and the circumferential rib
(13, 13A).

6. Use of a brake disc (10, 10A) according to any one
of claim 1 to claim 5 as a brake disc for a railway
vehicle.

Patentansprüche

1. Bremsscheibe (10, 10A) für ein Schienenfahrzeug,
umfassend:

einen Scheibenblattabschnitt mit einem Gleitab-
schnitt auf einer Vorderseite (10f),
mehrere radiale Rippen (11a, 11b), die auf einer
Rückseite (10r) des Scheibenblattabschnitts
vorgesehen sind und eine Form haben, die sich
in einer radialen Richtung des Scheibenblattab-
schnitts erstreckt, und
eine umfängliche Rippe (13, 13A), die zwischen
jedem Paar radialer Rippen (11a, 11b) vorgese-
hen ist, die unter den mehreren radialen Rippen
(11a, 11b) aneinander angrenzen, und eine
Form hat, die sich in einer Umfangsrichtung des
Scheibenblattabschnitts erstreckt, wobei:

ein Strömungsweg für Luft, der von einer
Innenumfangsseite zu einer Außenum-
fangsseite des Scheibenblattabschnitts
verläuft, zwischen dem Paar radialer Rip-
pen (11a, 11b) in einem Zustand gebildet
ist, in dem der Scheibenblattabschnitt an ei-
nem Rad (100) eines Schienenfahrzeugs
befestigt ist, und der Strömungsweg für Luft
durch die umfängliche Rippe (13, 13A) ver-
engt ist;
dadurch gekennzeichnet, dass
eine graduelle Neigung, um Schwankun-

gen in einem Luftstrom zu unterbinden, der
zwischen dem Paar radialer Rippen hin-
durchtritt, an der umfänglichen Rippe (13,
13A) auf einer Seitenfläche (13a, 13b) ent-
lang der radialen Richtung des Scheiben-
blattabschnitts vorgesehen ist.

2. Bremsscheibe (10, 10A) für ein Schienenfahrzeug
nach Anspruch 1, wobei die graduelle Neigung auf
einer Seitenfläche (13a) der umfänglichen Rippe
(13, 13A) vorgesehen ist, die der Innenumfangsseite
entlang der radialen Richtung des Scheibenblattab-
schnitts zugewandt ist, oder auf beiden Seitenflä-
chen (13a, 13b) der umfänglichen Rippe (13, 13A)
vorgesehen ist, die der Innenumfangsseite bzw. der
Außenumfangsseite entlang der radialen Richtung
des Scheibenblattabschnitts zugewandt sind.

3. Bremsscheibe (10, 10A) für ein Schienenfahrzeug
nach Anspruch 1 oder Anspruch 2, wobei:

die graduelle Neigung eine graduelle Oberteil-
neigung (SL0) aufweist, die zumindest an einem
Oberteil der umfänglichen Rippe (13, 13A) vor-
gesehen ist, und
die graduelle Oberteilneigung (SL0) eine kon-
vexe, gekrümmte Fläche mit einem Krüm-
mungsradius von 2 mm oder eine geneigte Flä-
che ist, die gradueller ist als eine konvexe, ge-
krümmte Fläche mit einem Krümmungsradius
von 2 mm, wobei die graduelle Oberteilneigung
(SL0) an einem Seitenabschnitt, welcher der In-
nenumfangsseite des Scheibenblattabschnitts
zugewandt ist, an einem Abschnitt von 2 mm
oder mehr in der radialen Richtung (La1) des
Scheibenblattabschnitts, und an einem Ab-
schnitt von 2 mm oder mehr in einer Drehach-
senrichtung (La2) des Scheibenblattabschnitts
ausgehend von einem Scheitelpunkt der um-
fänglichen Rippe (13, 13A) vorgesehen ist.

4. Bremsscheibe (10, 10A) für ein Schienenfahrzeug
nach Anspruch 1 oder Anspruch 2, wobei:

die graduelle Neigung eine graduelle Oberteil-
neigung (SL0) aufweist, die zumindest an einem
Oberteil der umfänglichen Rippe (13, 13A) vor-
gesehen ist, und
die graduelle Oberteilneigung (SL0) eine kon-
vexe, gekrümmte Fläche mit einem Krüm-
mungsradius von 5 mm oder eine geneigte Flä-
che ist, die gradueller ist als eine konvexe, ge-
krümmte Fläche mit einem Krümmungsradius
von 5 mm, wobei die graduelle Oberteilneigung
(SL0) an einem Seitenabschnitt, welcher der In-
nenumfangsseite des Scheibenblattabschnitts
zugewandt ist, an einem Abschnitt von 5 mm
oder mehr in der radialen Richtung (La1) des
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Scheibenblattabschnitts, und an einem Ab-
schnitt von 5 mm oder mehr in einer Drehach-
senrichtung (La2) des Scheibenblattabschnitts
ausgehend von einem Scheitelpunkt der um-
fänglichen Rippe (13, 13A) vorgesehen ist.

5. Bremsscheibe (10, 10A) für ein Schienenfahrzeug
nach einem der Ansprüche 1 bis 4, wobei die um-
fängliche Rippe (13, 13A) das Paar radialer Rippen
(11a, 11b) verbindet und einen Strömungsweg für
Luft zwischen dem Rad (100) und der umfänglichen
Rippe (13, 13A) hat.

6. Verwendung einer Bremsscheibe (10, 10A) nach ei-
nem der Ansprüche 1 bis 5 als eine Bremsscheibe
für ein Schienenfahrzeug.

Revendications

1. Disque de frein (10, 10A) pour un véhicule ferroviai-
re, comprenant :

une partie de plaque de disque ayant une partie
coulissante sur une face avant (10f),
une pluralité d’ailettes radiales (11a, 11b) dis-
posées sur une face arrière (10r) de la partie de
plaque de disque et ayant une forme s’étendant
dans une direction radiale de la partie de plaque
de disque, et
une arête circonférentielle (13, 13A) disposée
entre chaque paire d’ailettes radiales (11a, 11b)
qui sont adjacentes parmi la pluralité d’ailettes
radiales (11a, 11b) et ayant une forme s’éten-
dant dans une direction circonférentielle de la
partie de plaque de disque, dans lequel :

un chemin d’écoulement pour de l’air qui
s’écoule d’un côté circonférentiel interne
vers un côté circonférentiel externe de la
partie de plaque de disque est formé entre
la paire d’ailettes radiales (11a, 11b) dans
un état dans lequel la partie de plaque de
disque est fixée à une roue (100) d’un vé-
hicule ferroviaire et le passage d’écoule-
ment pour l’air est rendu plus étroit par l’arê-
te circonférentielle (13, 13A) ; caractérisé
en ce que
une pente graduelle, destinée à supprimer
des fluctuations d’un flux d’air qui passe en-
tre la paire d’ailettes radiales, est disposée
sur l’arête circonférentielle (13, 13A) sur
une face latérale (13a, 13b) le long de la
direction radiale de la partie de plaque de
disque.

2. Disque de frein (10, 10A) pour un véhicule ferroviaire
selon la revendication 1, dans lequel la pente gra-

duelle est disposée sur une face latérale (13a) de
l’arête circonférentielle (13, 13A) qui fait face au côté
circonférentiel interne le long de la direction radiale
de la partie de plaque de disque ou qui est disposée
sur les deux faces latérales (13a, 13b) de l’arête cir-
conférentielle (13, 13A) qui fait face au côté circon-
férentiel interne et au côté circonférentiel externe,
respectivement, le long de la direction radiale de la
partie de plaque de disque.

3. Disque de frein (10, 10A) pour un véhicule ferroviaire
selon la revendication 1 ou selon la revendication 2,
dans lequel :

la pente graduelle comprend une pente graduel-
le de partie supérieure (SL0) qui est disposée
au moins au niveau d’une partie supérieure de
l’arête circonférentielle (13, 13A), et
la pente graduelle de partie supérieure (SL0) est
une face incurvée convexe ayant un rayon de
courbe de 2 mm ou est une face inclinée qui est
plus graduelle qu’une face incurvée convexe
ayant un rayon de courbe de 2 mm, la pente
graduelle de partie supérieure (SL0) étant dis-
posée au niveau d’une partie latérale faisant fa-
ce au côté circonférentiel interne de la partie de
plaque de disque, à une section de 2 mm ou
plus dans la direction radiale (La1) de la partie
de plaque de disque et à une section de 2 mm
ou plus dans une direction d’axe de rotation
(La2) de la partie de plaque de disque à partir
d’un sommet de l’arête circonférentielle (13,
13A).

4. Disque de frein (10, 10A) pour un véhicule ferroviaire
selon la revendication 1 ou selon la revendication 2,
dans lequel :

la pente graduelle comprend une pente graduel-
le de partie supérieure (SL0) qui est disposée
au moins au niveau d’une partie supérieure de
l’arête circonférentielle (13, 13A), et
la pente graduelle de partie supérieure (SL0) est
une face incurvée convexe ayant un rayon de
courbe de 5 mm ou une face inclinée qui est
plus graduelle qu’une face incurvée convexe
ayant un rayon de courbe de 5 mm, la pente
graduelle de partie supérieure (SL0) étant dis-
posée au niveau d’une partie latérale faisant fa-
ce au côté circonférentiel interne de la partie de
plaque de disque, à une section de 5 mm ou
plus dans la direction radiale (La1) de la partie
de plaque de disque et à une section de 5 mm
ou plus dans une direction d’axe de rotation
(La2) de la partie de plaque de disque à partir
d’un sommet de l’arête circonférentielle (13,
13A).
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5. Disque de frein (10, 10A) pour un véhicule ferroviaire
selon l’une quelconque des revendications 1 à 4,
dans lequel l’arête circonférentielle (13, 13A) relie la
paire d’ailettes radiales (11a, 11b) et a un chemin
d’écoulement pour de l’air entre la roue (100) et l’arê-
te circonférentielle (13, 13A).

6. Utilisation d’un disque de frein (10, 10A) selon l’une
quelconque des revendications 1 à 5 en tant que
disque de frein pour un véhicule ferroviaire.
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