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(54) WEDGE CAM BRAKE

(57) A wedge cam brake wherein a ball screw (13),
which is screwed into a ball nut (38) to which a wedge
cam (20) is integrally provided, is rotationally driven,
thereby moving the wedge cam (20) along the direction
of the rotational axis of the ball screw (13) to a braking
position and, by means of the cam operation of the wedge
cam, the base ends of brake arms (3) perform a braking
operation while clamping a pair of pad assemblies (6, 6)
from both sides of a brake rotor (100). The wedge cam
brake is equipped with compression coil springs (17) for
pressing and biasing the ball nut (38) toward the braking
position, where the wedge cam (20) opens the base ends
of the brake arms (3), and a spring-holding mechanism
(30) that holds the compression coil springs (17) in an
energy-storing state.
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Description

Technical Field

[0001] The present invention relates to a wedge cam
brake.

Background Art

[0002] Conventionally, in disc brakes for vehicles in-
stalling brakes, particularly, railway vehicles on which a
strong braking force is required, wedge cam brakes are
known in which proximal end portions of a pair of brake
arms are expanded by the action of a wedge cam so that
pad assemblies provided at open end portions of the
brake arms are strongly pressed against both sides of a
brake rotor so as to hold the brake rotor therebetween
to execute a braking operation.
[0003] Additionally, it has been studied that electric
power is used as a power source of a railway vehicle
brake instead of hydraulic or air pressure (refer to Patent
Literature 1).
[0004] As shown in Fig. 30, an electric brake apparatus
500 includes a disc (a brake rotor) 520 which rotates
together with a wheel, wheel braking elements (pad as-
semblies) 530 which are brought into abutment with the
disc 520 to impart a friction force to the disc 520, a me-
chanical spring 550 provided on a caliper 510 for biasing
the wheel braking elements 530 in the direction of the
disc 520, an electric actuator 540 for biasing the wheel
braking elements 530 in the direction of the disc 520 and
an opposite direction thereto depending upon an ener-
gized direction, and a transmission mechanism 555 for
transmitting outputs from the electric actuator 540 and
the mechanical spring 550 to the wheel braking elements
530. Then, when applying the brake, the wheel braking
elements 530 are pressed against the disc 520 by coop-
eration of the mechanical spring 550 with the electric ac-
tuator 540, whereby the small electric actuator 540 can
be used to thereby reduce the consumed electric power.

Prior Art Literature

Patent Literature

[0005] [Patent Literature 1] JP-A-2010-25313

Summary of Invention

Technical Problems

[0006] However, in trying to use the electric actuator
540 as the electric power source, when attempting to
solve problems of excessive consumption of electric
power by the electric motor and overheat of the electric
motor which is heated to obtain a predetermined re-
sponse and of ensuring against the failure of the electric
actuator 540 as a result of the energization thereof being

cut off, the electric brake apparatus 500 has to be en-
larged in size, resulting in a problem that it becomes dif-
ficult for the electric brake apparatus 500 to be installed
in a predetermined space.
[0007] Namely, when a braking force is generated in
cooperation between the mechanical spring 550 and the
electric actuator 540, the electric actuator 540 needs to
generate a force corresponding to a sum of a spring force
at the time of clamping (braking) and a force to which a
spring constant corresponding to a pad clearance is add-
ed to release the braking force. Additionally, when the
brake is kept released, the electric actuator 540 has to
hold the force.
[0008] The invention has been made in view of the sit-
uations described above, and an object thereof is to pro-
vide a good wedge cam brake which can not only reduce
the consumption of electric power by an electric motor
but also ensure against a failure of power supply.

Solution to Problems

[0009] The above object of the invention can be at-
tained by the following configurations.

(1) A wedge cam brake, in which proximal end por-
tions of brake arms are expanded to oscillate by a
cam action of a wedge cam which moves along a
direction of a rotational axis of a ball screw which
screws into a ball nut for pushing to bias the wedge
cam to a braking position as a result of the ball screw
being driven to rotate by an electric motor, causing
a pair of pad assemblies provided at open end por-
tions of the brake arms to be pressed against both
sides of a brake rotor so as to hold the brake rotor
therebetween to thereby execute a braking opera-
tion, the wedge cam brake comprising:

an elastic member for pushing to bias the wedge
cam to the braking position to expand the prox-
imal end portions of the brake arms; and
a spring holding mechanism holding the elastic
member in a biasing force accumulating state
so as to push to bias the wedge cam from a non-
braking position to the braking position.

According to the wedge cam brake configured as
described under (1) above, in applying the brake,
since the elastic member pushes to bias the wedge
cam to the braking position as a result of the spring
holding mechanism being released and the ball
screw is driven to rotate in a brake applying direction
by the electric motor, causing the ball nut to push to
bias the wedge cam to the braking position, the
wedge cam can move to the braking position without
any delay, thereby making it possible to obtain a high
brake response. Thus, a high response is not re-
quired on the electric motor, thereby making it pos-
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sible to reduce the size of the electric motor and the
consumption of electric power by the electric motor.
Further, since a parking braking force (a parking
state) can be obtained by a biasing force of the elastic
member, the driving of the motor can be kept in a
halt state. In addition, in the event that a power supply
is cut off, since the elastic member can push to bias
the wedge cam to the braking position to brake and
stop the vehicle, the wedge cam brake configured
according to (1) above can ensure against a failure
in terms of power supply, whereby an improvement
in safety can be realized.
(2) The wedge cam brake according to (1) above,
wherein
the spring holding mechanism includes:

a piston member which is allowed to move freely
along the direction of the rotational axis of the
ball screw to transmit a biasing force of the elas-
tic member to the ball nut which is held so as
not to rotate relative thereto, wherein the elastic
member is interposed between a stationary por-
tion on a brake main body side and the piston
member;
an armature, which is disposed at a rear end
side of the piston member, and which is attracted
to a stator of an electromagnetic clutch which is
fixed to the stationary portion on the brake main
body side; and
a holding lever, which is attached to a distal end
portion of a guide rod which is fixed to the arma-
ture at a proximal end portion thereof so as to
oscillate, and which is brought into engagement
with an engaging portion on the brake main body
side at an oscillating end thereof for abutment
with a distal end side of the piston member to
restrict the movement thereof.

According to the wedge cam brake configured as
described under (2) above, in releasing the brake,
the ball screw is driven to rotate in a brake releasing
direction by the electric motor, whereby the ball nut
is moved to its initial position against the biasing force
of the elastic member by the ball nut. Then, the hold-
ing lever is brought into engagement with the engag-
ing portion, and the armature is brought into abut-
ment with the stator of the electromagnetic clutch via
the guide rod. Due to this, a required attraction force
of an electromagnet in the electromagnetic clutch
can be obtained, and the consumption of electric
power can be suppressed. Additionally, in the event
that a power supply is cut off, the attraction of the
armature by the electromagnetic clutch is released,
and the elastic member pushes to bias the wedge
cam to the braking position, thereby making it pos-
sible to obtain a parking braking force (a parking
state).

(3) The wedge cam brake according to (1) above,
wherein
the spring holding mechanism includes:

a case-shaped piston which is configured to
move freely along the direction of the rotational
axis of the ball screw to transmit a biasing force
of the elastic member to the ball nut accommo-
dated therein, wherein the elastic member is in-
terposed between a stationary portion on a
brake main body side and the case-shaped pis-
ton;
a guide groove portion, which is provided on the
stationary portion on a brake main body side,
and which extends along the direction of the ro-
tational axis of the ball screw;
a cam groove having a holding groove portion
which extends from one end portion of the guide
groove portion in a rotational direction of the ball
screw; and
a follower member, which is provided integrally
with the ball nut, which has a roller contact ele-
ment which moves so as to follow the cam
groove at a distal end portion thereof, and which
is provided so as to project radially outwards of
the ball nut,
wherein the ball nut in which the roller contact
element is guided in the holding groove portion
holds the wedge cam in the non-braking position
against the spring biasing forces of the elastic
member.

According to the wedge cam brake configured as
described under (3) above, a rotational force of the
ball nut is borne by the roller contact element, caus-
ing the roller contact element to slide in the cam
groove, whereby a frictional resistance that would
be generated when the ball nut moves in the axial
direction is reduced, allowing the ball nut to move
smoothly.
In releasing the brake, the ball screw is driven to
rotate in the brake releasing direction by the electric
motor, whereby the elastic member is returned to its
initial position, and the roller contact element enters
the holding groove portion of the cam groove, allow-
ing the holding groove portion to bear a reaction force
of the elastic member which is inputted into the ball
nut via the roller contact element. Then, since the
reaction force of the elastic member is decomposed
into a force with which the ball screw is rotated and
a force which is borne by the holding groove portion,
a holding force (for example, a minute rotational
force exerted in a counter-braking direction by the
electric motor or an electromagnetic force of the elec-
tromagnetic clutch provided between the electric
motor and the ball screw) for preventing the rotation
of the ball screw can be reduced to a low level.

3 4 
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(4) The wedge cam brake according to (3) above,
wherein
the holding groove portion has a sloping surface
which allows the roller contact element to roll towards
the guide groove portion by the biasing force of the
elastic member.
 According to the wedge cam brake configured as
described under (4) above, when the holding force
for preventing the rotation of the ball screw is re-
leased as a result of the power supply is cut off, since
the roller contact element rolls on the sloping surface
of the holding groove portion to move into the guide
groove portion so as to move freely along the direc-
tion of the rotational axis of the ball screw, the wedge
cam is pushed to be biased to the braking position
by means of the reaction force of the elastic member,
thereby making it possible to obtain a parking braking
force (a parking state).
(5) The wedge cam brake according to (1) above,
wherein
the spring holding mechanism includes:

a piston member which is configured to move
freely along the direction of a rotational axis of
the ball screw to transmit a biasing force of the
elastic member to the ball nut which is held so
as not rotate relative to the ball screw, wherein
the elastic member is interposed between a sta-
tionary portion on a brake main body side and
the piston member;
an armature, which is brought into engagement
with the piston member so as not to move to-
wards the elastic member relative thereto, and
which is attracted to a stator of an electromag-
netic clutch which is fixed to the stationary por-
tion on the brake main body side;
an axial force sensor, which is provided on a link
rod for expanding the proximal end portion of
the brake arm, for detecting an axial force ex-
erted on the link rod; and
a controller for controlling the rotation of the elec-
tric motor based on a detection signal of the axial
force sensor.

According to the wedge cam brake configured as
described under (5) above, in applying the brake,
firstly, the ball screw is driven to rotate in a brake
applying direction by the electric motor, and the ball
nut pushes to bias the wedge cam to the braking
position. As this occurs, since a load acting along
the direction of the rotational axis of the ball screw
is not exerted on the ball nut, the ball screw can rotate
smoothly, whereby an initial response of the electric
motor is improved. Namely, when a load attributed
to the biasing force of the elastic member is exerted
on the ball nut, a frictional resistance at a thread en-
gagement portion between the ball nut and the screw

is increased to thereby increase the load of the elec-
tric motor. However, since the armature which is
brought into engagement with the piston member so
as not to move towards the elastic member is attract-
ed to the stator of the electromagnetic clutch, the
biasing force of the elastic member is never exerted
on the ball nut.
Next, the attraction of the armature by the electro-
magnetic clutch is released after a predetermined
length of time elapses, and the biasing force of the
elastic member is transmitted to the ball nut via the
piston member, whereby the ball nut on which a
screw feeding force by the ball screw and the biasing
force of the elastic member are exerted moves the
wedge cam to the braking position. As this occurs,
an axial force exerted on the link rod is detected by
the axial force sensor which is provided on the link
rod which expands the proximal end portion of the
brake arm 3 by the cam action of the wedge cam,
and the controller controls the rotation of the electric
motor based on a detection signal from the axial force
sensor, thereby making it possible to control the
braking force as required.
In addition, since the armature can move relative to
the piston member to the opposite side to the side
where the elastic member is provided, the armature
is never caused to move to the initial position togeth-
er with the piston member by the ball nut. Namely,
the forces exerted from the wedge cam and the ball
nut are transmitted to the elastic member and are
hence not exerted on the electromagnetic clutch, and
therefore, an excessive load is never exerted on the
electromagnetic clutch.
(6) The wedge cam brake according to (5) above,
wherein
a damper member is provided between a pushing
portion of the piston member which pushes to bias
the ball nut and the ball nut.
According to the wedge cam brake configured as
described under (6) above, in applying the brake,
the ball screw is driven to rotate in the brake applying
direction by the electric motor, whereby the ball nut
moves temporarily from the ball nut. Then, when the
attraction of the armature by the electromagnetic
clutch is releases after a predetermined length of
time elapses, the pushing portion of the piston mem-
ber which is biased by means of the biasing force of
the elastic member is brought forcibly into abutment
with the ball nut. However, the damper member
made of an elastic member is provided between the
pushing portion and the ball nut. Thus, an impact
generated when the piston member is brought into
abutment with the ball nut is dampened, whereby
the generation of abnormal noise is suppressed, and
the durability is never damaged.
(7) The wedge cam brake according to (5) or (6)
above, wherein
the armature is elastically biased towards the stator
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by a set spring whose spring force is weaker than
the biasing force of the elastic member at all times.
According to the wedge cam brake configured under
(7) above, in releasing the brake, the ball screw is
driven to rotate in the brake releasing direction by
the electric motor, whereby the piston member is
caused to move to its initial position against the bi-
asing force of the elastic member by the ball nut. As
this occurs, the armature which can move relative to
the piston member towards the opposite side to the
side where the elastic member is provided is never
caused to move to its initial position together with
the piston member by the ball nut. However, the ar-
mature is brought into abutment with the stator by
means of the spring force of the set spring. Then, in
case the electromagnetic clutch is energized to at-
tract the armature to the stator, a maximum attracting
force can be obtained, whereby the consumption of
electric power can be saved.
(8) The wedge cam brake according to (1) above,
wherein
the spring holding mechanism includes:

a case-shaped piston, which is configured to
move freely along the direction of a rotational
axis of the ball screw, which accommodates the
ball nut so as to move relative to the ball screw
along the direction of the rotational axis of the
ball screw within a predetermined range and so
as not to rotate relative thereto and which is con-
figured to transmit a biasing force of the elastic
member to the wedge cam, wherein the elastic
member is interposed between the stationary
portion on the brake main body side and the
case-shaped piston; and
an armature, which is brought into engagement
with the case-shaped piston so as not to move
towards the elastic member relative to the case-
shaped piston, and which is attracted to a stator
of an electromagnetic clutch which is fixed to the
stationary portion of the brake main body side.

According to the wedge cam brake configured as
described under (8) above, in applying the brake,
the wedge cam can be pushed to be biased to the
braking position by means of the biasing force of the
elastic member which is transmitted via the case-
shaped piston and a screw feeding force by the ball
screw which is transmitted via the ball nut independ-
ently.
Then, the biasing force of the elastic member is not
exerted on the ball nut, and the frictional resistance
at the screwing portion between the ball nut and the
ball screw is never increased. Consequently, the ball
screw is allowed to rotate smoothly, and hence, the
operating force of the electric motor can be reduced,
thereby making it possible to save the consumption

of electric power.
In addition, since the armature can move relative to
the case-shaped piston to the opposite side to the
side where the elastic member is provided, the ar-
mature is never caused to move to the initial position
together with the case-shaped piston by the ball nut.
Namely, the forces exerted from the wedge cam and
the ball nut are transmitted to the elastic member
and are hence not exerted on the electromagnetic
clutch, and therefore, an excessive load is never ex-
erted on the electromagnetic clutch.
(9) The wedge cam brake according to (8) above,
wherein
the armature is elastically supported on the case-
shaped piston so as to be attracted to the stator while
being elastically biased thereto.
According to the wedge cam brake configured as
described under (9) above, in releasing the brake,
the armature is brought into abutment with the stator
while being elastically biased thereto before the ball
screw is driven to rotate in the brake releasing direc-
tion by the electric motor, whereby the case-shaped
piston is caused to move to its initial position against
the biasing force of the elastic member by the ball
nut. Then, since the electromagnetic clutch can op-
erate with substantially no gap defined between the
stator and the armature, it is possible to obtain a
sufficient attracting force easily.
(10) The wedge cam brake according to (8) above,
wherein

the armature is attached to the case-shaped pis-
ton via a holding force reducing mechanism, and
the holding force reducing mechanism causes
a part of a locking force, with which the case-
shaped piston attempting to move in an arma-
ture releasing direction is locked, to be borne by
an engaging portion on the brake main body
side.

[0010] According to the wedge cam brake configured
as described under (10), the armature is attached to the
case-shaped piston via the holding force reducing mech-
anism, and part of the holding force with which the elastic
member is held in a biasing force accumulating state is
borne by the engaging portion on the brake main body
side. Therefore, the attraction force of the electromag-
netic clutch is reduced. Thus, it is possible to reduce the
size of the electromagnetic clutch.

Advantageous Effect of Invention

[0011] According to the invention, it is possible to pro-
vide the good wedge cam brake which can reduce the
consumption of electric power by the electric motor and
which can ensure against a failure in terms of power sup-
ply.

7 8 
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Brief Description of Drawings

[0012]

[Fig. 1] Fig. 1 is a perspective view showing an overall
construction of a wedge cam brake according to a
first embodiment of the invention.
[Fig. 2] Fig. 2 is a vertical sectional view of the wedge
cam brake shown in Fig. 1.
[Fig. 3] Fig. 3 is an enlarged sectional view of an
actuator of the wedge cam brake shown in Fig. 2.
[Fig. 4] Fig. 4 is a sectional view taken along a line
IV-IV shown in Fig. 2 and seen in a direction indicated
by arrows attached thereto.
[Fig. 5] Fig. 5 is an exploded perspective view of the
actuator shown in Fig. 2 as seen from below.
[Fig. 6] Fig. 6 is an exploded perspective view of the
actuator shown in Fig. 2 as seen from above.
[Fig. 7] Figs. 7(a) to 7(c) are sectional views of a
main part of the actuator shown in Fig. 2 for explain-
ing an operation thereof.
[Fig. 8] Fig. 8 is a perspective view showing an overall
construction of a wedge cam brake according to a
second embodiment of the invention.
[Fig. 9] Fig. 9 is a vertical sectional view of the wedge
cam brake shown in Fig. 8.
[Fig. 10] Fig. 10 is an enlarged sectional view of an
actuator of the wedge cam brake shown in Fig. 9.
[Fig. 11] Fig. 11 is an exploded perspective view of
the actuator shown in Fig. 9 as seen from above.
[Fig. 12] Fig. 12(a) is a partially cut away perspective
view for explaining the actuator shown in Fig. 11,
and Fig. 12(b) is a perspective view of a guide rail
shown in Fig. 12(a).
[Fig. 13] Fig. 13 shows explanatory views for explain-
ing an operation of the wedge cam brake shown in
Fig. 9, in which Fig. 13(a) is a vertical sectional view
and Fig. 13(b) is a sectional view taken along a line
XIII-XIII shown in Fig. 13(a) and seen in a direction
indicated by arrows attached thereto.
[Fig. 14] Fig. 14 shows explanatory views for explain-
ing the operation of the wedge cam brake shown in
Fig. 9, in which Fig. 14(a) is a vertical sectional view
and Fig. 14(b) is a sectional view taken along a line
XIV-XIV shown in Fig. 14(a) and seen in a direction
indicated by arrows attached thereto.
[Fig. 15] Fig. 15 is a vertical sectional view showing
an overall construction of a railway vehicle disc brake
including a wedge cam brake according to a third
embodiment of the invention.
[Fig. 16] Fig. 16 is a sectional view taken along a line
XVI-XIV shown in Fig. 15 and seen in a direction
indicated by arrows attached thereto.
[Fig. 17] Fig. 17 is a partially exploded perspective
view of the actuator shown in Fig. 15 as seen from
below.
[Fig. 18] Fig. 18 is a partially exploded perspective
view of the actuator shown in Fig. 15 as seen from

below.
[Fig. 19] Figs. 19(a) to 19(c) are vertical sectional
views for explaining a procedure of assembling a
compression coil spring and an electromagnetic
clutch which are shown in Fig. 16.
[Fig. 20] Fig. 29 is an exploded perspective view of
an actuator assembly and a clutch assembly.
[Fig. 21] Fig. 21 is a perspective view of an assembly
into which the actuator assembly and the clutch as-
sembly are assembled.
[Fig. 22] Figs. 22(a), 22(b) are sectional views of a
main part of the actuator shown in Fig. 16 for ex-
plaining an operation thereof.
[Fig. 23] Fig. 23 is a vertical sectional view of a railway
vehicle disc brake including a wedge cam brake ac-
cording to a fourth embodiment of the invention.
[Fig. 24] Fig. 24 is an exploded perspective view of
the actuator shown in Fig. 23 as seen from below.
[Fig. 25] Fig. 25 is a perspective view of an assembly
into which constituent parts of the actuator shown in
Fig. 24 are assembled.
[Fig. 26] Fig. 26 is an exploded perspective view of
a holding force reduction mechanism shown in Fig.
23.
[Fig. 27] Figs. 27(a) to 27(c) are sectional views of
a main part of the holding force reduction mechanism
shown in Fig. 23 for explaining an operation thereof.
[Fig. 28] Figs. 28(a), 28(b) are sectional views of a
main part of the actuator shown in Fig. 23 for ex-
plaining an operation thereof.
[Fig. 29] Fig. 29 is a vertical sectional view of a railway
vehicle disc brake including a wedge cam brake ac-
cording to a fifth embodiment of the invention.
[Fig. 30] Fig. 30 is a front view of a conventional
electric brake apparatus with a transmission mech-
anism shown in section.

Embodiments of Invention

[0013] Hereinafter, preferred modes for carrying out a
wedge cam brake of the invention will be described based
on the drawings.
[0014] Hereinafter, the construction of a wedge cam
brake according to a first embodiment of the invention
will be described by the use of Figs. 1 to 6.
[0015] Figs. 1 and 2 show an overall construction of a
railway vehicle disc brake which includes a wedge cam
brake.A substantially cylindrical body 1 is fixed to a body
side via a support 2 and middle portions of a pair of brake
arms 3, 3 are supported pivotally by brake arm shafts 4,
4 on an opposite side of the body 1 to the side where the
support 2 is provided.
[0016] An actuator 14 for expanding the brake arms 3,
3 is connected to oscillating ends of the brake arms 3, 3
(proximal end portions at a side of the support 2), and
pad assemblies 6, 6 are mounted on the other oscillating
ends of the brake arms 3, 3 (open end portions at an
opposite side to the support 2) via pad holders 5.

9 10 
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[0017] As shown in Figs. 3 and 4, in an actuator 14
according to the first embodiment, when a brake is ap-
plied, compression coil springs 17 push to bias a ball nut
38 on which a wedge cam 20 is provided integrally to a
braking position, while the wedge cam 20 is moved to
the braking position along the direction of a rotational
axis of a ball screw 13 which is screwed into the ball nut
38 as a result of the ball screw 13 being driven to rotate
by an electric motor 61, whereby the proximal end por-
tions of the brake arms 3, 3 are expanded to oscillate by
means of a cam action of the wedge cam 20, and the
pair of pad assemblies 6, 6 provided at the open end
portions of the brake arms 3, 3 are pressed against both
sides of a brake rotor 100 so as to hold it therebetween
to execute a braking operation.
[0018] Outer ends of link rods 7, 7, which constitute
output shafts, are supported at the respective proximal
end portions of the brake arms 3, 3 by spherical bushes
8, and inner ends of the link rods 7, 7 are connected and
supported to roller arms 10, 10 by spherical bushes 9.
Then, lower ends of the roller arms 10, 10 are supported
pivotally at both end portions of a strut 12 via bearings
11, 11 to form a link type servo unit. In the actuator 14,
when a motor gear unit 60 is driven, the link rods 7, 7 are
caused to reciprocate via the link type servo unit.
[0019] The ball screw 13 is mounted in the body 1 so
as not to move along the rotational axis thereof relative
to the body 1 but so as to rotate relative to the body 1 by
a bearing 51 which is disposed at a proximal end portion
side (an upper end portion side in the figures) and a bear-
ing 53 which is disposed at a distal end side (a lower end
portion side in the figures) of the ball screw 13.
[0020] The bearing 51 is a radial thrust bearing which
is mounted in a bearing case 50 which is fixed to a cap
31 placed to cover an upper end opening portion of the
body 1 which constitutes a stationary portion on a brake
main body side and supports rotatably the proximal end
portion side of the ball screw 13 while restricting an up-
ward movement of the ball screw 13. Additionally, the
bearing 53 constitutes a radial thrust bearing which is
mounted in a sleeve portion 22A of a fixed sleeve member
22 within the body 1 and supports rotatably the distal end
portion side of the ball screw 13 while restricting a down-
ward movement of the ball screw 13.
[0021] Further, a distal end portion of the ball screw 13
is coupled to an output shaft 55 of the motor gear unit 60
via a joint 57, whereby a rotational driving force of the
electric motor 61 is transmitted to the ball screw 13 via
a speed reduction mechanism 63. Here, the motor gear
unit 60 is disposed so that a drive shaft 62 (refer to Fig.
13) of the electric motor 61 becomes parallel to the rota-
tional axis of the ball screw 13.
[0022] As shown in Figs. 3 and 4, the ball nut 38 on
which the wedge cam 20 is provided integrally is disposed
concentrically with the ball screw 13 and is mounted so
as to move in an axial direction relative to a piston mem-
ber 33, which will be described later, but so as not to
rotate relative to the piston member 33.

[0023] As the ball nut 38 moves axially on the ball screw
13 towards a distal end side (a lower side) thereof, cam
rollers 18, 18 which are mounted at upper ends of the
roller arms 10, 10 ride on a sloping surface of the wedge
cam 20 which is provided at a distal end portion of the
ball nut 38.
[0024] The roller arms 10, 10 are caused to oscillate
in an expanding direction as a result of the cam rollers
18, 18 riding on the sloping surface of the wedge cam 20
and move the link rods 7, 7 which are coupled to be sup-
ported substantially at middle portions of the roller arms
10, 10 by the spherical bushes 9, 9 axially outwards (left-
wards and rightwards in Fig. 4) in an amplified fashion
based on the principle of leverage. By doing so, the re-
spective proximal end portions of the brake arms 3, 3 are
moved in an expanding direction about brake arm shafts
4, 4 as oscillating centers, causing the pad assemblies
6, 6 provided at the open end portions of the brake arms
3, 3 to be pressed against the brake rotor 100 (refer to
Fig. 2) so as to hold it therebetween to execute a braking
operation.
[0025] Further, the actuator 14 includes a plurality of
(four in the first embodiment) compression coil springs
17 which are elastic members for pushing to bias the ball
nut 38 towards the braking position where the wedge
cam 20 expands the proximal end portions of the brake
arms 3, 3 and a spring holding mechanism 30 for holding
the compression coil springs 17 in a biasing force accu-
mulating state so as to push to bias the wedge cam 20
from a non-braking position to the braking position.
[0026] The spring holding mechanism 30 includes a
piston member 33 which is allowed to move along the
direction of the rotational axis of the ball screw 13 to trans-
mit spring biasing forces of the compression coil springs
17 which are interposed between the cap 31 which con-
stitutes a stationary portion on a brake main body side
and itself to the ball nut 38 which is held so as not to
rotate relative thereto, an armature 37 which is provided
at a rear end side (an upper end side in Fig. 4) of the
piston member 33 so as to be attracted to a stator 36 of
the electromagnetic clutch 35 which is fixed to the cap
31, and holding levers 43 which are attached to distal
end portions of a pair of guide rods 41 which are fixed to
the armature 37 at proximal end portions (upper end por-
tions in Fig. 3) thereof so as to oscillate freely thereat to
thereby be brought into engagement with engaging por-
tions 34 on the brake main body side at oscillating ends
43a thereof so that the holding levers 43 are brought into
abutment with a distal end side of the piston member 33
to restrict the movement of the piston member 33.
[0027] The compression coil springs 17 are accommo-
dated in spring receiving portions 31a which are provided
so as to be depressed on an inner bottom surface of the
cap 31 at upper end portions thereof and in spring re-
ceiving portions 33a which are provided so as to be de-
pressed on a rear end surface of the piston member 33
at lower end portions thereof, whereby the compression
coil springs 17 are interposed between the cap 31 and
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the piston member 33. The spring biasing forces of the
compression coil springs 17 are set so as to push to bias
the ball nut 38 and the wedge cam 20 from the non-brak-
ing position to the braking position to such an extent that
the pad assemblies 6, 6 can obtain a parking braking
force (a braking force which is about a half of a normal
braking force).
[0028] The piston member 33 is fitted in the cap 31,
whereby the piston member 33 is allowed to move along
the direction of the rotational axis of the ball screw 13 but
is not allowed to rotate relative to the ball screw 13. Name-
ly, guide rails 32 having a flat plate-like shape are at-
tached individually to a pair of cut-out portions formed in
opposite positions on a circumferential wall of the cap 31
which is formed substantially into a bottomed cylindrical
shape, and the piston member 33 is fitted in the cap 31
so that two flat surfaces which are formed on an outer
circumferential surface of the piston member 33 are po-
sitioned opposite to the pair of guide rails 32, whereby
the piston member 33 is allowed to move along an axial
direction relative to the cap 31 but is not allowed to rotate
relative to the cap 31. The engaging portions 34 are pro-
vided on inner surfaces of the guide rails 32 as grooves
which extend in a direction which intersects the axial di-
rection of the cap 31.
[0029] As shown in Fig. 3, the pair of guide rods 41 are
fixed to the armature 37 at proximal end portions thereof
which penetrate the piston member 33 in an axial direc-
tion on opposite sides across the ball screw 13 and are
provided so as to move freely in the axial direction relative
to the piston member 33. The holding levers 43 are at-
tached individually to distal end portions of the guide rods
41 so as to oscillate freely by support pins 42.
[0030] Dimensions of portions of the holding lever 43
are determined so as to restrict the piston member 33
from moving downwards in the figure by an abutment
portion 43b being brought into abutment with the distal
end side of the piston member 33 (in this embodiment,
a flat plate portion 44a of an anchor member 44 which
will be described later) as a result of an oscillating end
43a being brought into engagement with the engaging
portion 34 of the cap 31 in such a state that the guide rod
41 is held in an initial position (a non-braking position)
shown in Fig. 3 by the armature 37. Then, when the guide
rods 41 are released from their initial positions to which
they are held by disengaging the electromagnetic clutch
35, the holding levers 43 oscillate to allow the oscillating
ends 43a thereof to be disengaged from the correspond-
ing engaging portions 34, whereby the restriction on the
movement of the piston member 33 is released.
[0031] An anchor member 44 is attached to a distal
end face of the piston member 33 so as to correspond
to the pair of holding levers 43. The anchor member 44
has a rectangular flat plate portion 44a which is secured
closely to the distal end face of the piston member 33
and with which the abutment portions 43b of the holding
levers 43 are brought into abutment, two pairs of support
walls 44b which are provided so as to extend perpendic-

ularly at side edges of the flat plate portion 44a to support
a pair of support pins 45, and two pairs of guide walls
44c which are provided so as to extend perpendicularly
at the side edges of the flat plate portion 44a to support
the ball nut 38 so that the ball nut 38 is allowed to move
axially relative to the piston member 33 but is not allowed
to rotate relative to the piston member 33.
[0032] Plate spring-like switching springs 47 which are
supported on the corresponding support pins 45 elasti-
cally bias the corresponding holding levers 43 in a direc-
tion in which the oscillating ends 43a are brought into
engagement with the engaging portions 34.
[0033] When the brake is applied, the ball nut 38 which
is disposed below the piston member 33 is pushed down-
wards via the piston member 33 by means of the spring
biasing forces of the compression coil springs 17, where-
by the ball nut 38 moves downwards to a parking brake
applying position below while rotating the ball screw 13,
and moves further downwards to a normal braking posi-
tions further below as a result of the ball screw 13 being
driven to rotate in a brake applying direction by the elec-
tric motor 61.
[0034] Then, in releasing the brake, when the ball
screw 13 is driven to rotate in a brake releasing direction
by the electric motor 61, the ball nut 38 moves upwards
while pushing up the piston member 33 against the spring
biasing forces of the compression coil springs 17.
[0035] A gap adjusting mechanism 40 is provided be-
tween the piston member 33 and the ball screw 13 which
penetrates a center of the piston member 33 for auto-
matically executing a gap adjustment when pads get
worn.
[0036] As shown in Figs. 4 to 6, the gap adjusting
mechanism 40 includes an adjuster screw 21 which is
placed on the ball screw 13 so that the ball screw 13
passes through it while being brought into abutment with
a rear end face of the ball nut 38 at a distal end portion
thereof (a lower end portion in Fig. 4) so as not to rotate
relative thereto, an adjuster nut 23 which screws on male
threads formed on an outer circumferential surface of the
adjuster screw 21, an adjuster gear 25 fixed to a distal
end of the adjuster nut 23 which penetrates the piston
member 33 from the distal end side to a rear end side to
project from an rear end face of the piston member 33,
an adjuster lever 24 which is attached rotatably to an
adjuster bracket 26 which is fixed to the piston member
33 so as to be brought into engagement with the adjuster
gear 25, and an adjuster guide 27 which is placed on an
inner circumferential surface of the cap 31.
[0037] A flange portion is provided on an outer circum-
ference of a distal end portion of the adjuster screw 21
so as to project therefrom to thereby be brought into abut-
ment with a rear end face of the ball nut 38 and a distal
end portion of the adjuster nut 23. A flange portion is
provided on an outer circumference of a distal end portion
of the adjuster nut 23 so as to project therefrom to thereby
be brought into abutment with a diametrically expanded
recess portion 33b which is formed on the distal end side
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of the piston member 33, whereby the adjuster nut 23 is
restricted from moving relative to the piston member 33
towards a rear end side thereof.
[0038] Then, when the pads get worn, oscillating
strokes of the brake arms 3 are increased, and hence,
strokes of the piston member 33 and the ball nut 38 de-
viate from their normal ranges to become excessive,
whereby the ball nut 38 and the piston member 33 move
axially downwards.
[0039] As a result of this, when the piston member 33
moves a predetermined distance away from the cap 31,
the adjuster lever 24 is rotated against a spring biasing
force of a return spring 28 by the adjuster guide 27,
whereby an engaging position between the adjuster lever
24 and the adjuster gear 25 is changed. Then, when the
piston member 33 returns to its initial position as a result
of the brake being released, the adjuster lever 24 is ro-
tated by means of the spring biasing force of the return
spring 28, whereby the adjuster nut 23 is rotated via the
adjuster gear 25, allowing an axial position of the adjuster
lever 23 relative to the adjuster screw 21 to be adjusted
upwards. This adjusts axial positions of the ball nut 38
and the wedge cam 20 relative to the piston member 33
at the initial position, so that gaps between the brake
rotor 100 and the pad assemblies 6, 6 are adjusted so
as not to be too great.
[0040] Namely, the adjuster screw 21 is allowed to ad-
vance relatively from the piston member 33 to project
therefrom by the gap adjustment ensured to be executed
to eliminate the oscillating gaps of the brake arms 3, 3
which are generated by the excessive strokes thereof
which are attributed to the wear of the pads, whereby
initial positions of the ball nut 38 and the wedge cam 20
after the gap adjustment are located in advanced posi-
tions lying further ahead by a distance over which the
adjuster screw 21 projects as a result of the gap adjust-
ment than their original positions. Consequently, the roll-
er arms 10, 10 which are brought into cam engagement
with the sloping surface of the wedge cam 20 are also in
an expanded state. Namely, a state is produced in which
the gaps are adjusted to be advanced by an amount cor-
responding to an amount of wear of the pads in advance.
[0041] Next, referring to Figs. 7(a) to 7(c), an operation
of the actuator 14 according to the first embodiment will
be described.
[0042] As Fig. 3 does, Fig. 7(a) shows an initial state
in which both the brake and the gap adjusting mechanism
40 are not in operation. In this state, the spring holding
mechanism 30 is in operation, and the armature 37 is
attracted to the stator 36 of the electromagnetic clutch
35, and the holding levers 43 are restricted from oscillat-
ing with the oscillating ends 43a thereof brought into en-
gagement with the engaging portions 34 on the guide
rails 32. The holding levers 43 which are now restricted
from oscillating restrict the piston member 33 from mov-
ing downwards in the figure with the abutment portions
43b thereof brought into abutment with the distal end side
of the piston member 33. Then, the compression coil

springs 17 which are interposed between the cap 31 and
the piston member 33 are held in a biasing force accu-
mulating state.
[0043] Then, in applying the brake, when an energiza-
tion of the electromagnetic clutch 35 is stopped to release
the guide rods 41 from the held state, the holding levers
43 are caused to oscillate by means of the spring biasing
forces of the compression coil springs 17 and are disen-
gaged from the engaging portions 34. Then, the com-
pression coil springs 17 push to bias the ball nut 38 down-
wards in the figure via the piston member 33. The ball
nut 38 which is pushed downwards by means of the
spring biasing forces of the compression coil springs 17
moves downwards to the parking brake applying position
below while rotating the ball screw 13 which is now free
to rotate since the electric motor 61 is not energized.
[0044] Then, as shown in Fig. 7(b), when the wedge
cam 20 which is provided integrally on the ball nut 38
moves downwards to the parking brake applying position
below, the proximal end portions of the brake arms 3, 3
are expanded to oscillate by the cam action of the wedge
cam 20, causing the pair of pad assemblies 6, 6 which
are provided at the open end portions of the brake arms
3, 3 to be pressed against both sides of the brake rotor
100 so as to hold it therebetween.
[0045] Then, the ball screw 13 is driven to rotate in the
brake applying direction by the electric motor 61 substan-
tially at the same time as the energization of the electro-
magnetic clutch 35 is stopped or slightly thereafter,
whereby as shown in Fig. 7(c), the wedge cam 20 which
is provided integrally on the ball nut 38 moves further
downwards to the normal braking position further below,
whereupon the pair of pad assemblies 6, 6 are caused
to be pressed against both the sides of the brake rotor
100 so as to hold it therebetween with a normal braking
force by the cam action of the wedge cam 20.
[0046] In releasing the brake, when the ball screw 13
is driven to rotate in a brake releasing direction by the
electric motor 61, the wedge cam 20 which is provided
integrally on the ball nut 38 moves upwards to the non-
braking position above, whereby the pair of pad assem-
blies 6, 6 are caused to move away from both the sides
of the rotor 100 by the cam action of the wedge cam 20.
[0047] At the same time as this, the piston member 33
is pushed upwards by the ball nut 38 against the spring
biasing forces of the compression coil springs 17, and
the compression coil springs 17 are returned to the bias-
ing force accumulating state which corresponds to their
initial positions (refer to Fig. 7(a)). In addition, when the
piston member 33 is returned to its initial position, the
oscillating ends 43a of the holding levers 43 which are
elastically biased in the direction in which the oscillating
ends 43a are brought into engagement with the engaging
portions 34 by the switching springs 47 are brought into
engagement with the engaging portions 34, and the ar-
mature 37 is brought into abutment with the stator 36 of
the electromagnetic clutch 35 via the guide rods 41.
[0048] Then, when the electromagnetic clutch 35 is en-
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ergized so that the armature 37 is attracted to the stator
36, the holding levers 43 are restricted from oscillating
with the oscillating ends 43a thereof staying in engage-
ment with the engaging portions 34 of the guide rails 32,
and the abutment portions 43b are brought into abutment
with the distal end side of the piston member 33 so as to
restrict the piston member 33 from moving downwards
in the figure, whereby the compression coil springs 17
which are interposed between the cap 31 and the piston
member 33 are held in the biasing force accumulating
state.
[0049] Consequently, according to the wedge cam
brake including the actuator 14 of the first embodiment,
in applying the brake, since the compression coil springs
17 push to bias the ball nut 38 to the braking position via
the piston member 33, as a result of the spring holding
mechanism 30 being released, whereafter the ball screw
13 is driven to rotate by the motor gear unit 60, the wedge
cam 20 which is provided integrally on the ball nut 38 can
move to the braking position without no delay, thereby
making it possible to obtain a high brake response. Thus,
a high response is not required on the electric motor 61,
thereby making it possible to reduce the size of the elec-
tric motor 61 and the consumption of electric power by
the electric motor 61.
[0050] Further, since the parking braking force (the
parking state) is obtained by means of the spring biasing
forces of the compression coil springs 17, the electric
motor 61 does not have to be driven to stay in a halt state,
thereby making it possible to suppress the consumption
of electric power while a vehicle is at a halt. In addition,
in the event that a power supply is cut off, since the com-
pression coil springs 17 push to bias the wedge cam 20
to the braking position at the same time as the energiza-
tion of the electromagnetic clutch 35 is stopped to brake
and stop the vehicle, the railway vehicle disc brake in-
cluding the wedge cam brake configured according to
the first embodiment can ensure against a failure in terms
of power supply, whereby an improvement in safety can
be realized.
[0051] Further, according to the wedge cam brake in-
cluding the actuator 14 of the first embodiment, in releas-
ing the brake, when the ball screw 13 is driven to rotate
in the brake releasing direction by the electric motor 61,
the piston member 33 is caused to move to its initial po-
sition against the biasing forces of the compression coil
springs 17 by the ball nut 38. Then, the holding levers 43
are brought into engagement with the engaging portions
34, and the armature 37 is brought into abutment with
the stator 36 of the electromagnetic clutch 35 via the pair
of guide rods 41. Due to this, the required attraction force
of an electromagnet in the electromagnetic clutch 35 can
be obtained and the consumption of electric power can
be suppressed.
[0052] Next, the construction of a wedge cam brake
according to a second embodiment of the invention will
be described by the use of Figs. 8 to 12. It should be
noted that like reference numerals will be given to like

constituent members to those of the wedge cam brake
according to the first embodiment so as to omit a detailed
description thereof.
[0053] Figs. 8 and 9 are perspective view and a vertical
sectional view which show an overall construction of a
railway vehicle disc brake including a wedge cam brake
according to a second embodiment of the invention.
[0054] An actuator 81 for expanding brake arms 3, 3
is connected to oscillating ends of the brake arms 3, 3,
and pad assemblies 6, 6 are mounted on the other os-
cillating ends of the brake arms 3, 3 via pad holders 5.
[0055] As shown in Figs. 9 and 10, in an actuator 81
according to the second embodiment, when a brake is
applied, compression coil springs 17 push to bias a ball
nut 38A on which a wedge cam 20A is provided integrally
to a braking position, while the wedge cam 20 is moved
to the braking position along the direction of a rotational
axis of a ball screw 13 which is screwed into the ball nut
38A as a result of the ball screw 13 being driven to rotate
by an electric motor 61, whereby proximal end portions
of the brake arms 3, 3 are expanded to oscillate by means
of a cam action of the wedge cam 20, and the pair of pad
assemblies 6, 6 provided at the open end portions of the
brake arms 3, 3 are pressed against both sides of a brake
rotor 100 so as to hold it therebetween to execute a brak-
ing operation. Namely, as in the actuator 14 according
to the first embodiment, in the actuator 81, when a motor
gear unit 60 is driven, link rods 7, 7 are caused to recip-
rocate via a link type servo unit.
[0056] The ball screw 13 is mounted in the body 1 so
as not to move along the rotational axis thereof relative
to the body 1 but so as to rotate relative to the body 1 by
a bearing 51 which is disposed at a proximal end portion
side (an upper end portion side in the figures) and a bear-
ing 53 which is disposed at a distal end side (a lower end
portion side in the figures) of the ball screw 13.
[0057] The bearing 51 is mounted in a bearing case
85 which is fixed to an inner bottom surface of a housing
83 which constitutes a stationary portion on a brake main
body side, and the bearing 53 is mounted in a sleeve
portion 22A of a fixed sleeve member 22 in the body 1.
[0058] As shown in Figs. 10 and 11, the ball nut 38A
on which the wedge cam 20A is provided integrally is
disposed concentrically with the ball screw 13 and is ac-
commodated in a case-shaped piston member 87, which
will be described later, so as to move in an axial direction
relative to the piston member 87 but so as not to rotate
relative to the piston member 87.
[0059] As the ball nut 38A moves axially on the ball
screw 13 towards a distal end side (a lower side) thereof,
cam rollers 18, 18 which are mounted at upper ends of
roller arms 10, 10 ride on a sloping surface of the wedge
cam 20A which is attached to a distal end portion of the
ball nut 38.
[0060] The roller arms 10, 10 are caused to oscillate
in an expanding direction as a result of the cam rollers
18, 18 riding on the sloping surface of the wedge cam
20A and move the link rods 7, 7 which are coupled to be

17 18 



EP 3 333 443 A1

11

5

10

15

20

25

30

35

40

45

50

55

supported substantially at middle portions of the roller
arms 10, 10 by spherical bushes 9, 9 axially outwards in
an amplified fashion based on the principle of leverage
(refer to Fig. 4). By doing so, the respective proximal end
portions of the brake arms 3, 3 are moved in an expanding
direction about brake arm shafts 4, 4 as oscillating cent-
ers, causing the pad assemblies 6, 6 provided at the open
end portions of the brake arms 3, 3 to be pressed against
the brake rotor 100 so as to hold it therebetween to ex-
ecute a braking operation.
[0061] Further, the actuator 81 includes a plurality of
(three in the second embodiment) compression coil
springs 17 which are elastic members for pushing to bias
the ball nut 38A towards the braking position where the
wedge cam 20A expands the proximal end portions of
the brake arms 3, 3 and a spring holding mechanism 30A
for holding the compression coil springs 17 in a biasing
force accumulating state so as to push to bias the wedge
cam 20A from a non-braking position to the braking po-
sition.
[0062] The spring holding mechanism 30A includes
the case-shaped piston 87 which is configured to move
freely along the direction of a rotational axis of the ball
screw 13 to transmit spring biasing forces of the com-
pression coil springs 17 which are interposed between a
housing 83 which constitutes a stationary portion on a
brake main body side and itself to the ball nut 38A ac-
commodated therein, guide rails 93 which are provided
within the housing 83 and in which a cam groove 94 is
formed which has a guide groove portion 94a which ex-
tends along the direction of the rotational axis of the ball
screw 13 and a holding groove portion 94b which extends
from one end portion (an upper end portion in Fig. 12(b))
of the guide groove portion 94a in a rotational direction
of the bail screw 13 and roller fixing bolts 95 as follower
members which are provided integrally with the ball nut
38A, which each have a roller contact element 97 which
moves so as to follow the cam groove 94 at a distal end
portion thereof and which are provided so as to project
radially outwards of the ball nut 38A, whereby the ball
nut 38A in which the roller contact elements 97 are guided
in the holding groove portions 94b holds the wedge cam
20A in the non-braking position against the spring biasing
forces of the compression coil springs 17.
[0063] Each compression coil spring 17 is placed on a
guide bolt 82 which is provided so as to extend from an
inner bottom surface of the housing 83 along an axial
direction and is supported in a spring receiving portion
87a which is provided so as to be depressed on a flange
portion of the case-shaped piston 87 at a lower end por-
tion thereof, so that the compression coil spring 17 is
interposed between the housing 83 and the case-shaped
piston 87. The spring biasing forces of the compression
coil springs 17 are set so as to push to bias the ball nut
38A and the wedge cam 20A from the non-braking posi-
tion to the braking position to such an extent that the pad
assemblies 6, 6 can obtain a parking braking force (a
braking force which is about a half of a normal braking

force).
[0064] The case-shaped piston 87 is fitted in the casing
83, whereby the case-shaped piston 87 is allowed to
move along the direction of the rotational axis of the ball
screw 13 but is not allowed to rotate relative to the ball
screw 13. Namely, the spring guide bolts 82 which are
provided on the inner bottom surface of the housing 83
which is formed substantially into a bottomed cylindrical
shape so as to extend downwards perpendicularly there-
from penetrate through holes in the flange portion which
is provided on the outer circumference of a distal end
portion of a cylindrical main body portion so as to project
therefrom, whereby the case-shaped piston 87 is allowed
to move freely along the axial direction relative to the
housing 83 but is not allowed to rotate relative to the
housing 83. Window portions 87b which the roller fixing
bolts 95 penetrate and an opening portion 87c which is
brought into engagement with a wide portion of the wedge
cam 20A are provided in the cylindrical main body portion
of the case-shaped piston 87.
[0065] The three roller fixing bolts 95 are disposed cir-
cumferentially at equal intervals on an outer circumfer-
ential surface of an annular spacer 91 which is fixed to
an outer circumferential portion of the ball nut 38A. The
roller fixing bolts 95 on which the roller contact elements
97 and sleeves 99 are placed penetrate the window por-
tions 87b of the case-shaped piston 87 and are screwed
into the spacer 91 at distal end portions thereof, and the
roller contact elements 97 are supported rotatably on
head portion sides of the roller fixing bolts 95.
[0066] In the ball nut 38A, the roller contact elements
97 are brought into engagement with the holding groove
portions 94b which constitute initial positions (non-brak-
ing positions) of the cam grooves 94 which are formed
on the guide rails 93, whereby the sleeves 99 which are
placed on the roller fixing bolts 95 are brought into en-
gagement with the window portions 87b of the case-
shaped piston 87, allowing the ball nut 38A to restrict the
case-shaped piston 87 from moving downwards in the
figures. Namely, the ball nut 38A cannot move in the axial
direction in such a state that the ball screw 13 is prevented
from rotating to thereby hold the wedge cam 20A and the
case-shaped piston 87 in the non-braking position
against the spring biasing forces of the compression coil
springs 17.
[0067] As shown in Fig. 12(b), the holding groove por-
tion 94b has a sloping surface 96 on which the roller
contact element 97 is allowed to roll towards the guide
groove portion 94a by means of the biasing force of the
compression coil spring 17. However, when the ball
screw 13 is prevented from rotating by a minute rotational
force exerted in a counter-braking direction by the electric
motor 61 or a holding force of an electromagnetic clutch
provided between the electric motor 61 and the ball screw
13, the ball nut 38A cannot move downwards in the fig-
ures.
[0068] Then, when the ball screw 13 is released from
the state in which the ball screw 13 is prevented from
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rotating by stopping an energization of the electric motor
61 or releasing the electromagnetic clutch, the ball nut
38A is allowed to move in the axial direction.
[0069] A sliding member 88 and a washer 89 are in-
terposed between an inner bottom surface of the case-
shaped piston 87 and a rear end face of the ball nut 38A.
The ball nut 38A is allowed to rotate relative to the case-
shaped piston 87 within a predetermined angular range
so that the roller contact elements 97 can roll along the
sloping surfaces 96 of the holding groove portions 94b
towards the guide groove portions 94a.
[0070] When the ball screw 13 is released from the
state in which the ball screw 13 is prevented from rotating
in applying the brake, allowing the ball nut 38A which is
disposed on the inner bottom surface of the case-shaped
piston 87 to be pushed downwards via the case-shaped
piston 87 by means of the spring biasing forces of the
compression coil springs 17, the roller contact elements
97 are allowed to roll along the sloping surfaces 96 of
the holding grooves 94b towards the guide groove por-
tions 94a. Then, when the roller contact elements 97
reach the guide groove portions 94a, the ball nut 38A
which is allowed to move freely along the direction of the
rotational axis of the ball screw 13 moves downwards to
a parking brake applying position below while rotating
the ball screw 13 by means of the spring biasing forces
of the compression coil springs 17 and moves further
downwards to a normal braking position further below as
a result of the ball screw 13 of being driven to rotate in a
brake applying direction by the electric motor 61.
[0071] Then, in releasing the brake, when the ball
screw 13 is driven to rotate in a brake releasing direction
by the electric motor 61, the ball nut 38 moves upwards
while pushing up the case-shaped piston 87 against the
spring biasing forces of the compression coil springs 17.
The roller contact elements 97 which have arrived at up-
per portions of the guide groove portions 94a receive a
rotational force of the ball screw 13 to enter the holding
groove portions 94a.
[0072] A gap adjusting mechanism 40A is provided be-
tween the wedge cam 20A which is provided integrally
on the ball nut 38A and the ball screw 13 which penetrates
a center of the wedge cam 20A in the axial direction for
automatically executing a gap adjustment when pads get
worn.
[0073] As shown in Figs. 10 and 11, the gap adjusting
mechanism 40A includes an adjuster screw 98 which is
placed on the ball screw 13 in such a state that a rear
end portion (an upper end portion in Fig. 10) thereof is
fitted on a distal end portion of the ball nut 38A so as to
rotate relative to the distal end portion of the ball nut 38A
and in which male threads formed on an outer circum-
ferential surface thereof are screwed into female threads
formed on the wedge cam 20A, an adjuster gear 25 which
is fixedly fitted on the adjuster screw 98, an adjuster lever
24 which is attached rotatably to the case-shaped piston
87 so as to be brought into engagement with the adjuster
gear 25 and an adjuster guide (not shown) which is dis-

posed on an inner circumferential surface of the housing
83.
[0074] Then, when the pads get worn, oscillating
strokes of the brake arms 3 are increased, and hence,
strokes of the case-shaped piston 87 and the ball nut
38A deviate from their normal ranges to become exces-
sive, whereby the ball nut 38A and the case-shaped pis-
ton 87 move axially downwards.
[0075] As a result of this, when the case-shaped piston
87 moves a predetermined distance away from the hous-
ing 83, the adjuster lever 24 is rotated against a spring
biasing force of a return spring 28 by the adjuster guide,
whereby an engaging position between the adjuster lever
24 and the adjuster gear 25 is changed. Then, when the
case-shaped piston 87 returns to its initial position as a
result of the brake being released, the adjuster lever 24
is rotated by means of the spring biasing force of the
return spring 28, whereby the adjuster screw 98 is rotated
via the adjuster gear 25, and an axial position of the ad-
juster screw 98 relative to the wedge cam 20A is adjusted
upwards. This adjusts an axial position of the wedge cam
20A relative to the case-shaped piston 87 and the ball
nut 38A which stay in their initial positions, so that gaps
between the brake rotor 100 and the pad assemblies 6,
6 are adjusted so as not to be too great.
[0076] Namely, the wedge cam 20A is allowed to ad-
vance relatively from the adjuster screw 98 to project
therefrom by the gap adjustment ensured to be executed
to eliminate the oscillating gaps of the brake arms 3, 3
which are generated by the excessive strokes thereof
which are attributed to the wear of the pads, whereby an
initial position of the wedge cam 20A after the gap ad-
justment is located in an advanced position lying further
ahead by a distance over which the wedge cam 20A
projects as a result of the gap adjustment than its original
position. Consequently, roller arms 10, 10 which are
brought into cam engagement with the sloping surface
of the wedge cam 20A are also in an expanded state.
Namely, a state is produced in which the gaps are ad-
justed to be advanced by an amount corresponding to
an amount of wear of the pads in advance.
[0077] Next, referring to Figs. 13 and 14, an operation
of the actuator 81 according to the second embodiment
will be described.
[0078] Fig. 13 shows an initial state in which both the
brake and the gap adjusting mechanism 40A are not in
operation as Fig. 10 does. In this state, the spring holding
mechanism 30A is in operation, and the ball nut 38A can-
not move in the axial direction with the ball screw 13
prevented from rotating and the roller contact elements
97 guided in the holding groove portions 94b of the cam
grooves 94 and hence holds the wedge cam 20A and
the case-shaped piston 87 in the non-braking position
against the spring biasing forces of the compression coil
springs 17. Then, the compression coil springs 17 which
are interposed between the housing 83 and the case-
shaped piston 87 are held in a biasing force accumulating
state.
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[0079] Then, in applying the brake, when the ball screw
13 is released from the state in which the ball screw 13
is prevented from rotating by stopping the energization
of the electric motor 61 or releasing the electromagnetic
clutch, allowing the ball nut 38A to be pushed downwards
via the case-shaped piston 87 by means of the spring
biasing forces of the compression coil springs 17, the
roller contact elements 97 are caused to roll along the
sloping surfaces 96 of the holding groove portions 94b
towards the guide groove portions 94a.
[0080] As shown in Fig. 14, when the roller contact
element 97 reaches the guide groove portion 94a of the
cam groove 94, the ball nut 38A which is allowed to move
freely along the direction of the rotational axis of the ball
screw 13 is pushed to be biased downwards in the figure
via the case-shaped piston 87 by means of the spring
biasing forces of the compression coil springs 17. The
ball nut 38A which is pushed downwards by means of
the spring biasing forces of the compression coil springs
17 moves downwards to the parking brake applying po-
sition below while rotating the ball screw 13 which is now
free to rotate since the electric motor 61 is not energized.
[0081] Then, when the wedge cam 20A which is pro-
vided integrally on the ball nut 38A moves downwards to
the parking brake applying position below, the proximal
end portions of the brake arms 3, 3 are expanded to os-
cillate by the action of the wedge cam 20A, causing the
pair of brake pads 6, 6 which are provided at the open
end portions of the brake arms 3, 3 to be pressed against
both sides of the brake rotor 100 so as to hold it there-
between.
[0082] Then, the ball screw 13 is driven to rotate in the
brake applying direction by the electric motor 61 substan-
tially at the same time as the ball screw 13 is released
from the state where the ball screw 13 is prevented from
rotating as a result of the energization of the electric motor
61 being stopped or the electromagnetic clutch being re-
leased or slightly thereafter, whereby the wedge cam 20A
which is provided integrally on the ball nut 38A moves
further downwards to the normal braking position further
below, whereupon the pair of pad assemblies 6, 6 are
caused to be pressed against both sides of the brake
rotor 100 so as to hold it therebetween with a normal
braking force by the cam action of the wedge cam 20A.
[0083] When the brake is released, the ball screw 13
is driven to rotate in the brake releasing direction by the
electric motor 61, whereby the ball nut 38A moves up-
wards while pushing the case-shaped piston 87 upwards.
Then, the wedge cam 20A which is provided integrally
on the ball nut 38A moves to the non-braking position
above, whereby the pair of pad assemblies 6, 6 are
caused to move away from the brake rotor 100 by the
cam action of the wedge cam 20A.
[0084] At the same time as this, the case-shaped pis-
ton 87 is pushed upwards by the ball nut 38A against the
spring biasing forces of the compression coil springs 17,
and the compression coil springs 17 are returned to the
biasing force accumulating state which corresponds to

their initial positions (refer to Fig. 13). In addition, the
roller contact element 97 which has arrived at an upper
portion of the guide groove portion 94a as a result of the
ball nut 38A moving upwards receives a rotational force
of the ball screw 13 to enter the holding groove portion
94a.
[0085] Since the ball nut 38A is restricted from moving
downwards in the figure when the ball screw 13 is pre-
vented from rotating by means of a minute rotational force
exerted in a counter-braking direction by the electric mo-
tor 61 or a holding force of the electromagnetic clutch
provided between the electric motor 61 and the ball screw
13, the compression coil springs 17 interposed between
the housing 83 and the case-shaped piston 87 are held
in the biasing force accumulating state.
[0086] Consequently, according to the wedge cam
brake including the actuator 81 of the second embodi-
ment, in applying the brake, since the compression coil
springs 17 push to bias the ball nut 38A to the braking
position via the case-shaped piston 87 as a result of the
spring holding mechanism 30A being released, where-
after the ball screw 13 is driven to rotate by the motor
gear unit 60, the wedge cam 20A which is provided inte-
grally on the ball nut 38A can move to the braking position
without no delay, thereby making it possible to obtain a
high brake response. Thus, a high response is not re-
quired on the electric motor 61, thereby making it possible
to reduce the size of the electric motor 61 and the con-
sumption of electric power by the electric motor 61.
[0087] Further, since the parking braking force (the
parking state) is obtained by means of the spring biasing
forces of the compression coil springs 17, the electric
motor 61 does not have to be driven to stay in a halt state,
thereby making it possible to suppress the consumption
of electric power while a vehicle is at a halt. In addition,
when the minute rotational force exerted in the counter-
braking direction by the electric motor 61 or the holding
force of the electromagnetic clutch provided between the
electric motor 61 and the ball screw 13 is released as a
result of the supply of electric power thereto being cut
off, since the compression coil springs 17 push to bias
the wedge cam 20A to the braking position at the same
time as the ball screw 13 is released from the state in
which the ball screw 13 is prevented from rotating so as
to brake and stop the vehicle, the railway vehicle disc
brake including the wedge cam brake configured accord-
ing to this embodiment can ensure against a failure in
terms of supply of electric power, whereby an improve-
ment in safety can be realized.
[0088] Further, according to the wedge cam brake in-
cluding the actuator 81 of the second embodiment, the
rotational force of the ball nut 38A is received by the roller
contact elements 97, which are then allowed to slide with-
in the corresponding cam grooves 94, whereby frictional
resistance that would be generated in the ball nut 38A
when the ball nut 38A moves in the axial direction can
be reduced, thereby allowing the ball nut 38A to move
smoothly.
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[0089] In releasing the brake, the ball screw 13 is driven
to rotate in the brake releasing direction by the electric
motor 61, whereby the compression coil springs 17 are
returned to their initial positions, causing the roller contact
elements 97 to enter the corresponding holding groove
portions 94b of the cam grooves 94, and reaction forces
of the compression coil springs 17 which are inputted
into the ball nut 38A can be borne by the holding groove
portions 94b via the roller contact elements 97. Then,
since the reaction forces of the compression coil springs
17 are decomposed into a force with which the ball screw
13 is rotated and a force which is borne by the holding
groove portions 94b, the holding force (for example, the
minute rotational force exerted in the counter-braking di-
rection by the electric motor 61 or the electromagnetic
force of the electromagnetic clutch provided between the
electric motor 61 and the ball screw 13) for preventing
the rotation of the ball screw 13 can be reduced to a low
level.
[0090] Next, the construction of a wedge cam brake
according to a third embodiment of the invention will be
described by the use of Figs. 15 to 22. It should be noted
that like reference numerals will be given to like constit-
uent members to those of the wedge cam brake accord-
ing to the first embodiment so as to omit a detailed de-
scription thereof.
[0091] Fig. 15 is a vertical sectional view showing an
overall construction of a railway vehicle disc brake in-
cluding a wedge cam brake according to a third embod-
iment of the invention.
[0092] An actuator 114 for expanding brake arms 3, 3
is connected to oscillating ends of the brake arms 3, 3,
and pad assemblies 6, 6 are mounted on the other os-
cillating ends of the brake arms 3, 3 via pad holders 5.
[0093] As shown in Figs. 15 and 16, in an actuator 114
according to the third embodiment, when a brake is ap-
plied, a compression coil spring 117 pushes to bias a ball
nut 138 for pushing to bias a wedge cam 120 to a braking
position, and a ball screw 13 which is screwed into the
ball nut 138 is driven to rotate by an electric motor 161,
whereby proximal end portions of the brake arms 3, 3
are expanded to oscillate by means of a cam action of
the wedge cam 120 which moves to the braking position
along the direction of a rotational axis of the ball screw
13, and the pair of pad assemblies 6, 6 provided at open
end portions of the brake arms 3, 3 are pressed against
both sides of a brake rotor 100 so as to hold it therebe-
tween to execute a braking operation. Namely, as in the
actuator 14 according to the first embodiment, in the ac-
tuator 114, when a motor gear unit 160 is driven, link rods
7, 7 are caused to reciprocate via a link type servo unit.
[0094] The ball screw 13 is mounted in a body 1 so as
not to move along the direction of the rotational axis there-
of relative to the body 1 but so as to rotate relative to the
body 1 by a bearing 151 which is disposed at a proximal
end portion side (an upper end portion side in the figures)
and a bearing 153 which is disposed at a distal end side
(a lower end portion side in the figures) of the ball screw

13.
[0095] The bearing 151 is mounted in a bearing holder
150 which is fixed to an inner bottom surface of a cap
131 which constitutes a stationary portion on a brake
main body side, and the bearing 153 is mounted in a
sleeve portion 122A of a fixed sleeve member 122 in the
body 1.
[0096] Further, a distal end portion of the ball screw 13
is coupled to an output shaft 155 of the motor gear unit
160 via a joint 157, whereby a rotational driving force of
the electric motor 161 is transmitted to the ball screw 13
via a speed reduction mechanism 163. Here, the motor
gear unit 160 is disposed so that a drive shaft 162 of the
electric motor 161 becomes in series with the rotational
axis of the ball screw 13.
[0097] As shown in Figs. 16 and 17, the ball nut 138
for pushing to bias the wedge cam 120 is fixed to a nut
holder 142 which is disposed concentrically with the ball
screw 13. Namely, the ball nut 138 is fitted in an annular
step portion 142a of the nut holder 142 from above, and
thereafter, connecting pins 146 which pass through fixing
holes 142b of the nut holder 142 are inserted to be fitted
in fixing holes 138b, whereby the ball nut 138 is fixed to
the nut holder 142. A holding plate 141 having a pair of
holding pieces 141a for preventing the dislocation of the
connecting pins 146 is mounted on a rear end face of the
ball nut 138.
[0098] The nut holder 142 is supported so as to move
in an axial direction relative to a lower base 132 which is
attached to an open end of the cap 131 having a sub-
stantially bottomed cylindrical shape but so as not to ro-
tate relative thereto.
[0099] As the ball nut 138 moves axially on the ball
screw 13 towards a distal end side (a lower side) thereof,
cam rollers 18, 18 which are mounted at upper ends of
roller arms 10, 10 ride on a sloping surface of the wedge
cam 120 which is pushed to be biased to a distal end
portion of the ball nut 138.
[0100] The roller arms 10, 10 are caused to oscillate
in an expanding direction as a result of the cam rollers
18, 18 riding on the sloping surface of the wedge cam
120 and move link rods 7, 7 which are coupled to be
supported substantially at middle portions of the roller
arms 10, 10 by the spherical bushes 9, 9 axially outwards
(leftwards and rightwards in Fig. 16) in an amplified fash-
ion based on the principle of leverage. By doing so, the
respective proximal end portions of the brake arms 3, 3
are moved in an expanding direction about brake arm
shafts 4, 4 as oscillating centers, causing the pad assem-
blies 6, 6 provided at the open end portions of the brake
arms 3, 3 to be pressed against the brake rotor 100 (refer
to Fig. 15) so as to hold it therebetween to execute a
braking operation.
[0101] An axial force sensor 170 for detecting an axial
force exerted on the link rod 7 is provided on one of the
link rods 7, 7. The axial force sensor 170 is connected
to a controller 400 for controlling the rotation of the electric
motor 161.
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[0102] Further, the actuator 114 includes the compres-
sion coil spring 117 which is an elastic member for push-
ing to bias the wedge cam 120 towards the braking po-
sition where the wedge cam 120 expands the proximal
end portions of the brake arms 3, 3 and a spring holding
mechanism 130 for holding the compression coil spring
117 in a biasing force accumulating state so as to push
to bias the wedge cam 120 from a non-braking position
to the braking position.
[0103] The spring holding mechanism 130 includes a
spring seat 133 which is a piston member which is con-
figured to move freely along the direction of the rotational
axis of the ball screw 13 to transmit a spring biasing force
of the compression coil spring 117 which is interposed
between the cap 131 which constitutes a stationary por-
tion on a brake main body side and itself to the ball nut
138 which is held so as not to rotate relative to the ball
screw 13, an armature 137 which is brought into engage-
ment with an outer circumferential end of the spring seat
133 so as not to move towards the compression coil
spring 117 and which is attracted to a stator 136 of an
electromagnetic clutch 135 which is fixed to the cap 131,
the axial force sensor 170 which is provided on one of
the link rods 7, 7 which expand the proximal end portions
of the brake arms 3, 3 for detecting an axial force exerted
on the link rod 7, and the controller 400 for controlling
the rotation of the electric motor 161 based on a detection
signal of the axial force sensor 170.
[0104] As shown in Figs. 18 and 19, the compression
coil spring 117 is supported on an inner bottom surface
of the cap 131 via a flange portion of the bearing holder
150 at an upper end portion thereof and is supported on
a rear end face of the spring seat 133 at a lower end
portion thereof, whereby the compression coil spring 117
is interposed between the cap 131 and the spring seat
133. The spring biasing force of the compression coil
spring 117 is set so as to push to bias the wedge cam
120 from the non-braking position to the braking position
to such an extent that the pad assemblies 6, 6 can obtain
a parking braking force (a braking force which is about a
half of a normal braking force).
[0105] The spring seat 133 is configured to move freely
along the direction of the rotational axis of the ball screw
13 in such a state that the spring seat 133 is fitted on a
rear end boss portion 138a of the ball nut 138. The ar-
mature 137 is brought into engagement with the outer
circumferential end of the spring seat 133 so as not to
move towards the compression coil spring 117.
[0106] Further, a damper member 139 made of an
elastic material such as rubber is attached to a pushing
portion of the spring seat 133 which faces a rear end face
of the ball nut 138 and pushes to bias the ball unit 138.
The damper member 139 projects further than a surface
of the pushing portion of the spring seat 133 to dampen
an impact generated when the spring seat 133 is brought
into abutment with the ball nut 138.
[0107] The spring seat 133 is held in an initial position
(a non-braking position) shown in Fig. 16 by the armature

137 which is attracted by the stator 136 of the electro-
magnetic clutch 135.
[0108] Further, the armature 137 is elastically biased
towards the stator 136 by four set springs 145 interposed
between the lower base 132 and itself at all times. The
set spring 145 provides a spring force which is weaker
than the biasing force of the compression coil spring 117.
[0109] Referring to Figs. 19(a) to 19(c), an assembling
procedure of the compression coil spring 117 which is
assembled into an interior of the cap 131 will be de-
scribed.
[0110] As shown in Fig. 19(a), the electromagnetic
clutch 135, the bearing holder 150 in which the bearing
151 is mounted, the compression coil spring 117, the
spring seat 133, the armature 137, the set springs 145
and the lower base 132 are assembled sequentially into
the interior of the cap 131 in that order.
[0111] Then, as shown in Figs. 19(b), 19(c), the com-
pression coil spring 117 and the electromagnetic clutch
135 which provide a great load are integrated into a clutch
assembly within the cap 131 as a result of the lower base
132 being fixed to an open end of the cap 131 with bolts.
A gap adjusting mechanism 140, which will be described,
integrated with the ball nut 138 and an adjuster screw
121 as a sub-assembly is configured so as to be assem-
bled into the sub-assembly of the compression coil spring
117 and the electromagnetic clutch 135 later, as shown
in Figs. 20 and 21.
[0112] In applying the brake, the ball nut 138 which is
disposed below the spring seat 133 firstly pushes to bias
the wedge cam 120 to the braking position as a result of
the ball screw 13 being driven to rotate in a brake applying
direction by the electric motor 161.
[0113] Next, the attraction of the armature 137 by the
electromagnetic clutch 135 is released after a predeter-
mined length of time elapses, and the biasing force of
the compression coil spring 117 is transmitted to the ball
nut 138 via the spring seat 133, whereby the ball nut 138
on which a screw feeding force by the ball screw 13 and
the biasing force of the compression coil 117 are exerted
moves the wedge cam 120 to a normal braking position.
[0114] Then, in releasing the brake, when the ball
screw 13 is driven to rotate in a brake releasing direction
by the electric motor 161, the ball nut 138 moves upwards
while pushing up the spring seat 133 against the spring
biasing force of the compression coil spring 117.
[0115] The gap adjusting mechanism 140 for automat-
ically executing a gap adjustment when pads get worn
is provided between the ball nut 138 and the wedge cam
120.
[0116] As shown in Figs. 17 and 20, the gap adjusting
mechanism 140 includes the adjuster screw 121 which
is placed on the ball screw 13 in such a state that a flange
at a rear end portion (an upper end portion in Fig. 17) is
brought into abutment with a distal end face of the ball
nut 138 and that male threads at a distal end portion (a
lower end portion in Fig. 17) are screwed into female
threads of the wedge cam 120, an adjuster gear 125
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which is fixed to a rear end portion of the adjuster screw
121, an adjuster lever 124 which is attached rotatably to
a nut holder 142 by a fulcrum pin 126 which is fixed in
place in a fixing hole 142c of a leg portion 143 of the nut
holder 142 so as to be brought into engagement with the
adjuster gear 125, an adjuster guide 127 which is placed
on the lower base 132, and a return spring 128 which is
hooked on a hook pin 142d on a leg portion 143 of the
nut holder 142 at one end and is hooked on an oscillating
end of the adjuster lever 124 at the other end thereof.
[0117] In the gap adjusting mechanism 140, the ad-
juster lever 124 is provided on the nut holder 142, and
the adjuster screw 121 which is integrated with the ad-
juster gear 125 and the wedge cam 120 which is thread
fitted on the adjuster screw 121 are made into an actuator
assembly.
[0118] Then, when the pads get worn, oscillating
strokes of the brake arms 3 are increased, and hence,
strokes of the nut holder 142 and the ball nut 138 deviate
from their normal ranges to become excessive, whereby
the ball nut 138 and the nut holder 142 move axially down-
wards.
[0119] As a result of this, when the nut holder 142
moves a predetermined distance away from the lower
base 132, the adjuster lever 124 is rotated against a
spring biasing force of the return spring 128 by the ad-
juster guide 127, whereby an engaging position between
the adjuster lever 124 and the adjuster gear 125 is
changed. Then, when the nut holder 142 returns to its
initial position as a result of the brake being released, the
adjuster lever 124 is rotated by means of the spring bi-
asing force of the return spring 128, whereby the adjuster
screw 121 is rotated via the adjuster gear 125, and an
axial position of the adjuster screw 121 relative to the
wedge cam 120 is adjusted upwards. This adjusts axial
positions of the wedge cam 120 relative to the nut holder
142 and the ball nut 138 which stay in their initial posi-
tions, so that gaps between the brake rotor 100 and the
pad assemblies 6, 6 are adjusted so as not to be too great.
[0120] Namely, the adjuster screw 121 is allowed to
advance relatively from the wedge cam 120 to project
therefrom by the gap adjustment ensured to be executed
to eliminate the oscillating gaps of the brake arms 3, 3
which are generated by the excessive strokes thereof
which are attributed to the wear of the pads, whereby an
initial position of the wedge cam 120 after the gap ad-
justment is located in an advanced position lying further
ahead by a distance over which the adjuster screw 121
projects as a result of the gap adjustment than its original
position. Consequently, the roller arms 10, 10 which are
brought into cam engagement with the sloping surface
of the wedge cam 120 are also in an expanded state.
Namely, a state is produced in which the gaps are ad-
justed to be advanced by an amount corresponding to
an amount of wear of the pads in advance.
[0121] Next, referring to Figs. 16 and 22(a), 22(b), an
operation of the actuator 114 according to the third em-
bodiment will be described.

[0122] Fig. 16 shows an initial state in which both the
brake and the gap adjusting mechanism 140 are not in
operation. In this state, the spring holding mechanism
130 is in operation, and the armature 137 is attracted to
the stator 136 of the electromagnetic clutch 135, and the
spring seat 133 which is in engagement with an inner
circumferential end of the armature 137 is restricted from
moving downwards in the figures and stays in a held
state. Then, the compression coil spring 117 which is
interposed between the cap 131 and the spring seat 133
are held in a biasing force accumulating state.
[0123] Then, in applying the brake, firstly, as shown in
Fig. 22(a), the ball screw 13 is driven to rotate in the brake
applying direction by the electric motor 161, and the ball
nut 138 pushes to bias the wedge cam 120 to the braking
position. As this occurs, since a load acting along the
direction of the rotational axis of the ball screw 13 is not
exerted on the ball nut 138 whose rear end face lies away
from the pushing portion of the spring seat 133, the ball
screw 13 can rotate smoothly, whereby an initial re-
sponse of the electric motor 161 is improved.
[0124] Namely, when the load attributed to the biasing
forces of the compression coil springs 117 is exerted on
the ball nut 138, a frictional resistance at a thread en-
gagement portion between the ball nut 138 and the screw
13 is increased to thereby increase the load of the electric
motor 161. However, since the armature 137 which is
brought into engagement with the spring seat 133 so as
not to move towards the compression coil springs 117 is
attracted to the stator 136 of the electromagnetic clutch
135, the biasing force of the compression coil spring 117
is never exerted on the ball nut 138.
[0125] Next, when the energization of the electromag-
netic clutch 135 is cut off after a predetermined length of
time, releasing the armature 137 from the state in which
the armature 137 is attracted to the stator 136, the holding
state of the spring seat 133 by the armature 137 is re-
leased. Then, the compression coil spring 117 pushes
to bias the ball nut 138 and the nut holder 142 downwards
in the figure via the spring seat 133.
[0126] Then, as shown in Fig. 22(b), the ball nut 138
on which the screw feeding force by the ball screw 13
and the biasing force of the compression coil spring 117
are exerted moves the wedge cam 120 to the braking
position. Then, the wedge cam 120 moves downwards
to a parking brake applying position below, and the prox-
imal end portions of the brake arms 3, 3 are expanded
to oscillate by a cam action of the wedge cam 120, caus-
ing the pair of brake pads 6,6 which are provided at the
open end portions of the brake arms 3, 3 to be pressed
against both sides of the brake rotor 100 so as to hold it
therebetween.
[0127] As this occurs, an axial force exerted on the link
rod 7 is detected by the axial force sensor 170 which is
provided on one of the link rods 7 which expands the
proximal end portions of the brake arms 3, 3 by the cam
action of the wedge cam 120, and the controller 400 con-
trols the rotation of the electric motor 161 based on a
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detection signal from the axial force sensor 170, thereby
making it possible to control the braking force as required.
[0128] In releasing the brake, when the ball screw 13
is driven to rotate in a brake releasing direction by the
electric motor 161, the ball nut 138 which pushes to bias
the wedge cam 120 to the braking position moves up-
wards to the non-braking position above, whereby the
wedge cam 120 also moves upwards to the non-braking
position above, and the pair of pad assemblies 6, 6 are
caused to move away from both the sides of the rotor
100 by the cam action of the wedge cam 120.
[0129] At the same time as this, the spring seat 133 is
pushed upwards by the ball nut 138 against the spring
biasing force of the compression coil spring 117, and the
compression coil spring 117 is returned to the biasing
force accumulating state which corresponds to their initial
positions (refer to Fig. 16).
[0130] As this occurs, the armature 137 which can
move relative to the spring seat 133 to an opposite side
to the side where the compression coil spring 117 is pro-
vided is never caused to move to the initial position to-
gether with the spring seat 133 by the ball nut 138 but is
kept in abutment with the stator 136 of the electromag-
netic clutch 135 by means of spring forces of the set
springs 145.
[0131] Then, in case the armature 137 is attracted to
the stator 136 by energizing the electromagnetic clutch
135, since the armature 137 is brought into engagement
with the outer circumferential end of the spring seat 133
to restrict the spring seat 133 from moving downwards
in the figure, the compression coil spring 117 which is
interposed between the cap 131 and the spring seat 133
are held in the biasing force accumulating state.
[0132] Consequently, according to the wedge cam
brake including the actuator 114 configured according to
the third embodiment, in applying the brake, firstly, the
ball screw 13 is driven to rotate in the brake applying
direction by the electric motor 161, and the ball nut 138
pushes to bias the wedge cam 120 to the braking position.
As this occurs, since the load acting along the direction
of the rotational axis of the ball screw 13 is not exerted
on the ball nut 138, the ball screw 13 can rotate smoothly,
whereby the initial response of the electric motor 161 is
improved.
[0133] Next, the attraction of the armature 137 by the
electromagnetic clutch 135 is released after a predeter-
mined length of time elapses, and the biasing force of
the compression coil spring 117 is transmitted to the ball
nut 138 via the spring seat 133, whereby the ball nut 138
on which the screw feeding force by the ball screw 13
and the biasing force of the compression coil 117 are
exerted moves the wedge cam 120 to the braking posi-
tion. As this occurs, the axial force exerted on the link
rod 7 is detected by the axial force sensor 170 which is
provided on the link rod 7, and the controller 400 controls
the rotation of the electric motor 161 based on the de-
tection signal from the axial force sensor 170, thereby
making it possible to control the braking force as required.

[0134] In addition, since the armature 137 can move
relative to the spring seat 133 to the opposite side to the
side where the compression coil spring 117 is provided,
the armature 137 is never caused to move to the initial
position together with the spring seat 133 by the ball nut
138. Namely, in this construction, the forces exerted from
the wedge cam 120 and the ball nut 138 are transmitted
to the compression coil spring 117 and are hence not
exerted on the electromagnetic clutch 135, and therefore,
an excessive load is never exerted on the electromag-
netic clutch 135.
[0135] Further, since the parking braking force (the
parking state) is obtained by means of the spring biasing
force of the compression coil spring 117, the electric mo-
tor 161 does not have to be driven to stay in a halt state,
thereby making it possible to suppress the consumption
of electric power while the vehicle is at a halt. In addition,
in the event that a power supply is cut off, since the com-
pression coil spring 117 pushes to bias the wedge cam
120 to the braking position at the same time as the en-
ergization of the electromagnetic clutch 135 is stopped
to brake and stop the vehicle, the railway vehicle disc
brake including the wedge cam brake configured accord-
ing to the third embodiment can ensure against a failure
in terms of power supply, whereby an improvement in
safety can be realized.
[0136] Further, according to the wedge cam brake in-
cluding the actuator 114 of the third embodiment, in ap-
plying the brake, the ball screw 13 is driven to rotate in
the brake applying direction by the electric motor 161,
whereby the ball nut 138 is once caused to move away
from the spring seat 133. Then, when the attraction of
the armature 137 by the electromagnetic clutch 135 is
released after a predetermined length of time elapses,
the pushing portion of the spring seat 133 which is biased
by the spring force of the compression coil spring 117 is
forcibly brought into abutment with the ball nut 138.How-
ever, the damper member 139 is provided between the
pushing portion and the ball nut 138. Thus, the impact
generated when the spring seat 133 is brought into abut-
ment with the ball nut 138 is dampened, whereby the
generation of abnormal noise is suppressed, and the du-
rability is never damaged.
[0137] Further, according to the wedge cam brake in-
cluding the actuator 114 of the third embodiment, in re-
leasing the brake, the ball screw 13 is driven to rotate in
the brake releasing direction by the electric motor 161,
and therefore, when the spring seat 133 is caused to
move to its initial position against the spring biasing force
of the compression coil spring 117 by the ball nut 138,
the armature 137 which can move relative to the spring
seat 133 towards the opposite side to the side where the
compression coil spring 117 is provided is never caused
to move to the initial position together with the spring seat
133 by the ball nut 138 but is brought into abutment with
the stator 136 by means of the spring forces of the set
springs 145. Then, in case the electromagnetic clutch
135 is energized to attract the armature 137 to the stator
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136, a maximum attracting force can be obtained without
any delay, whereby the consumption of electric power
can be saved.
[0138] Next, the construction of a wedge cam brake
according to a fourth embodiment of the invention will be
described by the use of Figs. 23 to 28. A wedge cam
brake according to the fourth embodiment has substan-
tially the same configuration as that of the wedge cam
brake according to the third embodiment except that a
spring holding mechanism 230 is used in place of the
spring holding mechanism 130 thereof.
[0139] Fig. 23 is a vertical sectional view of a railway
vehicle disc brake including a wedge cam brake accord-
ing to a fourth embodiment of the invention.
[0140] As shown in Fig. 23, in an actuator 214 accord-
ing to the fourth embodiment, in applying a brake, a com-
pression coil spring 117 pushes to bias a wedge cam 120
to a braking position, and a ball screw 13 which is screwed
into a ball nut 238 is driven to rotate by an electric motor
161. By doing so, proximal end portions of brake arms
3, 3 are expanded to oscillate by a cam action of the
wedge cam 120 which has moved to the braking position
along the direction of a rotational axis of the ball screw
13, and a pair of pad assemblies 6, 6 which are provided
at open end portions of the brake arms 3, 3 are pressed
against both sides of a brake rotor 100 so as to hold it
therebetween to execute a braking operation. Namely,
as in the actuator 114 according to the third embodiment,
in the actuator 214, when a motor gear unit 160 is driven,
link rods 7, 7 are caused to reciprocate via a link type
servo unit.
[0141] As shown in Figs. 23 and 24, the ball nut 238
for pushing to bias the wedge cam 120 is accommodated
within a case-shaped piston 240 which is made up of a
nut holder 242 which is disposed concentrically with the
ball screw 13 and a spring seat 233 so as to move relative
to the case-shaped piston 240 in the direction of the ro-
tational axis of the ball screw 13 within a predetermined
range but so as not to rotate relative thereto.
[0142] Namely, the ball nut 238 is placed on an annular
support portion 242a of the nut holder 242 from above,
and thereafter, connecting pins 246 which penetrate
guide slits 242b in the nut holder 242 are inserted to be
fitted in fixing holes 238b. Then, the spring seat 233 is
placed from above the nut holder 242 in which the ball
nut 238 is placed on the annular support portion 242a so
as to fit on a rear end boss portion 238a of the ball nut 238.
[0143] Then, the ball nut 238 is allowed to move slightly
in the direction of the rotational axis of the ball screw 13
relative to the case-shaped piston 240 but is not allowed
to rotate relative thereto within the case-shaped piston
240 into which the nut holder 242 and the spring seat
233 are assembled integrally.
[0144] The nut holder 242 of the case-shaped piston
240 is supported so as to move axially relative to a lower
base 132 which is attached to an open end of a cap 131
having a substantially bottomed cylindrical shape but so
as not to rotate relative thereto.

[0145] A gap adjusting mechanism 140 is provided be-
tween the annular support portion 242a of the nut holder
242 and the wedge cam 120. In the gap adjusting mech-
anism 140, a fulcrum pin 126 is fixed in a fixing hole 242c
in a leg portion 243 of the nut holder 242, and one end
of a return spring 128 is hooked on a hook pin 242d of a
leg portion 243 of the nut holder 242.
[0146] Further, the actuator 214 includes the compres-
sion coil spring 117 which is an elastic member for push-
ing to bias the wedge cam 120 towards the braking po-
sition where the wedge cam 120 expands the proximal
end portions of the brake arms 3, 3 and a spring holding
mechanism 230 for holding the compression coil spring
117 in a biasing force accumulating state so as to push
to bias the wedge cam 120 from a non-braking position
to the braking position.
[0147] The spring holding mechanism 230 includes the
case-shaped piston 240 which is configured to move
freely along the direction of the rotational axis of the ball
screw 13, which accommodates the ball nut 238 so as
to move within the predetermined range along the direc-
tion of the rotational axis of the ball screw 13 but so as
not to rotate relative thereto and which is configured to
transmit the spring biasing force of the compression
spring 117 which is interposed between the cap 131 and
itself to the wedge cam 120, the armature 237 which is
brought into engagement with the case-shaped piston
240 so as not to move towards the compression coil
spring 117 and which is attracted to the stator 236 of the
electromagnetic clutch 235 which is fixed to the cap 131,
an axial force sensor 170 which is provided on one of the
link rods 7, 7 for expanding the proximal end portions of
the brake arms 3, 3 for detecting an axial force exerted
on the link rod 7 and a controller 400 for controlling the
rotation of the electric motor 161 based on a detection
signal of the axial force sensor 170.
[0148] The spring seat 233 in the case-shaped piston
240 is configured to move freely along the direction of
the rotational axis of the ball screw 13 in such a state that
the spring seat 233 is fitted on a rear end boss portion
238a of the ball nut 238. The armature 237 is brought
into engagement with an outer circumferential end of the
spring seat 233 so as not to move towards the compres-
sion coil spring 117.
[0149] Further, the armature 237 is attached to the
case-shaped piston 240 via a holding force reducing
mechanism 200 for causing part of a locking force with
which the case-shaped piston 240 attempting to move in
an armature releasing direction is locked to be borne by
an engaging portion 250 on the brake main body side.
Namely, the holding force reducing mechanism 200
causes part of the holding force with which the compres-
sion coil spring 117 is held in a biasing force accumulating
state to be borne by the engaging portion 250 on the
brake main body side.
[0150] As shown in Fig. 26, the holding force reducing
mechanism 200 has an annular holder 201 into which an
outer circumferential portion of the case-shaped piston
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240 is fitted from above, a guide ring 203 which is fas-
tened together with the annular holder 201 with nuts 222
which are screwed on support bolts 220 which are pro-
vided on the armature 237 so as to project therefrom in
the armature releasing direction so as to be displaced
axially relative to the annular holder 201, balls 210 which
are held movably in ball supporting holes 201a which are
provided in the annular holder 201 so as to be opened
in a radial direction thereof, a compression spring 211
which is interposed between the annular holder 201 and
the guide ring 203, and a holding plate 205 in which
through holes 205a whose bore diameter is smaller than
a diameter of the balls 210 are opened and which is con-
figured to prevent the balls 210 from being dislocated
radially outwards from the ball supporting holes 201a in
the annular holder 201 while allowing the balls 210 to be
brought into engagement with the engaging portion 250.
[0151] A cam surface 203a which is formed on an outer
circumferential portion of the guide ring 203 moves the
balls 210 radially outwards of the annular holder 201 as
a result of the guide ring 203 moving in an armature at-
tracting direction.
[0152] The annular holder 201 is restricted from mov-
ing in the armature releasing direction as a result of the
balls 210 which move radially outwards being locked on
the engaging portion 250 on the brake main body side.
[0153] An inner circumferential end of the annular hold-
er 201 is brought into engagement with the case-shaped
piston 240 (the spring seat 233) so as not to move to-
wards the compression coil spring 117. Additionally, the
annular holder 201 is elastically biased towards the stator
236 by a compression spring 213 which is interposed
between a snap ring 215 which is placed on the case-
shaped piston 240 and itself.
[0154] An operation of the holding force reducing
mechanism 200 will be described by reference to Figs.
27(a) to 27(c).
[0155] As shown in Fig. 27(a), in such a state that the
spring holding mechanism 230 is in operation and that
the armature 237 is attracted to the stator 236 of the
electromagnetic clutch 235, the guide ring 203 moves in
the armature attracting direction against the spring bias-
ing force of the compression coil spring 211, and the cam
surface 203a moves the balls 210 radially outwards of
the annular holder 201 . Then, the guide ring 203 is re-
stricted from moving in the armature releasing direction
as a result of the balls 210 being locked on the engaging
portion 250 on the brake main body side.
[0156] As a result of this, the case-shaped piston 240
which holds the compression coil spring 117 in the bias-
ing force accumulating state is supported by means of
the attracting force of the electromagnetic clutch 235 and
the locking force of the engaging portion 250.
[0157] As shown in Fig. 27(b), when the energization
of the electromagnetic clutch 235 is stopped to thereby
release the attraction of the armature 237 by the stator
236, the guide ring 203 moves in a direction in which it
moves away from the annular holder 201 at the same

time as the armature 237 is brought into abutment with
an upper surface of the annular holder 201 by means of
the spring biasing force of the compression coil spring
211. Then, the cam surface 203a of the guide ring 203
withdraws, and the balls 210 which are locked on the
engaging portion 250 on the brake main body side move
radially inwards of the annular holder 201.
[0158] As a result of this, as shown in Fig. 27(c), the
case-shaped piston 240 in which the locking force of the
engaging portion 250 is released is caused to move
downwards by means of the spring biasing force of the
compression coil spring 117 to thereby move the wedge
cam 120 to the braking position.
[0159] In this way, as a result of the armature 237 being
attached to the case-shaped piston 240 via the holding
force reducing mechanism 200, part of the holding force
with which the compression coil spring 117 is held in the
biasing force accumulating state is borne by the engaging
portion 250 on the brake main body side, thereby making
it possible to reduce the attraction force of the electro-
magnetic clutch 235.
[0160] Next, referring to Figs. 23 and 28(a), 28(b), an
operation of the actuator 214 according to the fourth em-
bodiment will be described.
[0161] Fig. 23 shows an initial state where the brake
is not in operation. In this state, the spring holding mech-
anism 230 is in operation, and the armature 237 is at-
tracted to the stator 236 of the electromagnetic clutch
235, and the case-shaped piston 240 (the spring seat
233) which is brought into engagement with the inner
circumferential end of the armature 237 via the holding
force reducing mechanism 200 is restricted from moving
downwards, staying in the holding state. Thus, the com-
pression coil spring 117 which is interposed between the
cap 131 and the spring seat 233 is held in the biasing
force accumulating state.
[0162] Then, in applying the brake, as shown in Fig.
28(a), the ball screw 13 is driven to rotate in the brake
applying direction by the electric motor 161, and the ball
nut 238 pushes to bias the wedge cam 120 to the braking
position.
[0163] Next, when the energization of the electromag-
netic clutch 235 is cut off after a predetermined length of
time has elapsed, releasing the attraction of the armature
237 by the stator 236, the holding force reducing mech-
anism 200 is released as described above. Then, the
compression coil spring 117 pushes to bias the wedge
cam 120 downwards in the figure via the case-shaped
piston 240.
[0164] As described above, the ball nut 238 is allowed
to move slightly in the direction of the rotational axis rel-
ative to the case-shaped piston 240 within a space inside
the case-shaped piston 240 into which the nut holder 242
and the spring seat 233 are assembled integrally.
[0165] Then, the wedge cam 120 can be pushed to be
biased to the braking position by means of the biasing
force of the compression coil spring 117 which is trans-
mitted via the case-shaped piston 240 and a screw feed-
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ing force by the ball screw 13 which is transmitted via the
ball nut 238 independently.
[0166] Namely, the spring biasing force of the com-
pression coil spring 117 is not exerted on the ball nut
238, and hence, the frictional resistance at the screwing
portion between the ball nut 238 and the ball screw 13
is never increased. Consequently, the ball screw 13 is
allowed to rotate smoothly, and hence, not only can the
initial response of the electric motor 161 be improved,
but also the operating force of the electric motor 161 can
be reduced, thereby making it possible to save the con-
sumption of electric power.
[0167] Then, as shown in Fig. 28(b), the wedge cam
120 on which the screw feeding force by the ball screw
13 and the biasing force of the compression coil spring
117 are exerted moves to the braking position. Then, the
wedge cam 120 moves downwards to a parking brake
applying position below, and the proximal end portions
of the brake arms 3, 3 are expanded to oscillate by a cam
action of the wedge cam 120, causing the pair of brake
pads 6, 6 which are provided at the open end portions of
the brake arms 3, 3 to be pressed against both sides of
the brake rotor 100 so as to hold it therebetween.
[0168] As this occurs, an axial force exerted on the link
rod 7 is detected by the axial force sensor 170 which is
provided on one of the link rods 7 which expands the
proximal end portions of the brake arms 3, 3 by the cam
action of the wedge cam 120, and the controller 400 con-
trols the rotation of the electric motor 161 based on a
detection signal from the axial force sensor 170, thereby
making it possible to control the braking force as required.
[0169] In releasing the brake, when the ball screw 13
is driven to rotate in the brake releasing direction by the
electric motor 161, the ball nut 238 which pushes to bias
the wedge cam 120 to the braking position moves up-
wards to the non-braking position above, whereby the
wedge cam 120 also moves upwards to the non-braking
position above, and the pair of pad assemblies 6, 6 are
caused to move away from both the sides of the rotor
100 by the cam action of the wedge cam 120.
[0170] At the same time as this, the case-shaped pis-
ton 240 (the spring seat 233) is pushed upwards by the
ball nut 238 against the spring biasing force of the com-
pression coil spring 117, and the compression coil spring
117 is returned to the biasing force accumulating state
which corresponds to their initial positions (refer to Fig.
23).
[0171] As this occurs, the armature 237 is elastically
supported by the compression coil spring 213 which is
interposed between the case-shaped piston 240 and it-
self so that the armature 237 is attracted to the stator 236
while being elastically biased thereto, and can move rel-
ative to the case-shaped piston 240 towards an opposite
side to the side where the compression coil spring 117
is provided. Namely, forces exerted from the wedge cam
120 and the ball nut 238 are transmitted to the compres-
sion coil spring 117 and are not exerted on the electro-
magnetic clutch 235 in construction, and therefore, no

excessive load is exerted on the electromagnetic clutch
235.
[0172] Next, the construction of a wedge cam brake
according to a fifth embodiment of the invention will be
described by the use of Fig. 29. A wedge cam brake
according to the fifth embodiment has substantially the
same configuration as that of the wedge cam brake ac-
cording to the fourth embodiment except that in the
wedge cam brake of the fifth embodiment, an armature
337 is supported by a compression coil spring 310 which
is interposed between a case-shaped piston 240 and it-
self so that the armature 337 is attracted to a stator 336
while being elastically biased thereto although in the
wedge cam brake according to the fourth embodiment,
the armature 237 is attached to the case-shaped piston
240 via the holding force reducing mechanism 200.
[0173] As shown in Fig. 29, a spring holding mecha-
nism 330 according to the fifth embodiment includes the
case-shaped piston 240 which is configured to move
freely along the direction of a rotational axis of a ball
screw 13, which accommodates a ball nut 238 so as to
move within a predetermined range along the direction
of the rotational axis of the ball screw 13 but so as not to
rotate relative thereto and which is configured to transmit
a spring biasing force of a compression spring 117 which
is interposed between a cap 131 and itself to a wedge
cam 120, the armature 337 which is brought into engage-
ment with the case-shaped piston 240 so as not to move
towards the compression coil spring 117 and which is
attracted to the stator 336 of an electromagnetic clutch
335 which is fixed to the cap 131, an axial force sensor
170 which is provided on one of link rods 7, 7 for expand-
ing proximal end portions of brake arms 3, 3 for detecting
an axial force exerted on the link rod 7 and a controller
400 for controlling the rotation of an electric motor 161
based on a detection signal of the axial force sensor 170.
[0174] The spring seat 233 in the case-shaped piston
240 is configured to move freely along the direction of
the rotational axis of the ball screw 13 in such a state that
the spring seat 233 is fitted on a rear end boss portion
238a of the ball nut 238. The armature 337 is brought
into engagement with an outer circumferential end of a
spring seat 233 so as not to move towards the compres-
sion coil spring 117.
[0175] Further, the armature 337 is elastically support-
ed on the case-shaped piston 240 so as to be attracted
to the stator 336 while being elastically biased thereto.
Namely, the armature 337 is elastically biased towards
the stator 336 by a compression spring 310 which is in-
terposed between a snap ring 312 placed on the case-
shaped piston 240 and itself.
[0176] Then, in releasing the brake, the ball screw 13
is driven to rotate in a brake releasing direction by the
electric motor 161, whereby the armature 337 is brought
into abutment with the stator 336 while being elastically
biased thereto before the case-shaped piston 240 is
caused to move to its initial position against the biasing
force of the compression coil spring 117 by the ball nut
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238. Then, since the electromagnetic clutch 335 can op-
erate with substantially no gap defined between the stator
336 and the armature 337, it is possible to obtain a suf-
ficient attracting force easily.
[0177] Thus, while the embodiments of the invention
have been described heretofore, various modified exam-
ples can be considered to be made to the shape of the
wedge cam and the form in which the wedge cam is at-
tached to the ball nut, the related configuration between
the wedge cam and the proximal end portions of the brake
arms, and further the gap adjusting mechanism for ad-
justing the axial position of the wedge cam relative to the
ball nut when the excessive stroke is generated within
the scope of the spirit of the invention.
[0178] In addition, in the embodiments that have been
described heretofore, while the invention has been de-
scribed as being applied to the railway vehicle brake, it
is obvious that the invention can also be applied to motor
vehicles including large trucks.
[0179] Here, the characteristics of the embodiments of
the wedge cam brake according to the invention will be
briefly summarized by item by item below.

[1] The wedge cam brake, in which the proximal end
portions of the brake arms (13) are expanded to os-
cillate by the cam action of the wedge cam (20, 20A,
120) which moves along a direction of the rotational
axis of the ball screw (13) which screws into the ball
nut (38, 38A, 138, 238) for pushing to bias the wedge
cam to the braking position as a result of the ball
screw being driven to rotate by the electric motor
(61, 161), causing the pair of pad assemblies (6)
provided at open end portions of the brake arms(3)
to be pressed against both the sides of the brake
rotor (100) so as to hold the brake rotor therebetween
to thereby execute a braking operation, the wedge
cam brake including:

the elastic member (the compression coil
springs 17, 117) for pushing to bias the wedge
cam to the braking position to expand the prox-
imal end portions of the brake arms; and
the spring holding mechanism (30, 30A, 130,
230) holding the elastic member in a biasing
force accumulating state so as to push to bias
the wedge can from the non-braking position to
the braking position.

[2] The wedge cam brake according to [1] above,
wherein the spring holding mechanism (30) includes:

the piston member (33) which is allowed to move
freely along the direction of the rotational axis
of the ball screw (13) to transmit the biasing force
of the elastic member (the compression coil
spring 17) to the ball nut (38) which is held so
as not to rotate relative thereto, wherein the elas-
tic member (17) is interposed between the sta-

tionary portion (the cap 31) on the brake main
body side and the piston member (33);
the armature (37), which is disposed at the rear
end side of the piston member, and which is at-
tracted to the stator (36) of the electromagnetic
clutch (35) which is fixed to the stationary portion
on the brake main body side; and
the holding lever (43), which is attached to the
distal end portion of the guide rod (41) which is
fixed to the armature at the proximal end portion
thereof so as to oscillate, and which is brought
into engagement with the engaging portion (34)
on the brake main body side at the oscillating
end (43a) thereof for abutment with the distal
end side of the piston member to restrict the
movement thereof.

[3] The wedge cam brake according to [1] above,
wherein
the spring holding mechanism (30A) includes:

the case-shaped piston (87) which is configured
to move freely along the direction of the rotation-
al axis of the ball screw (13) to transmit the bi-
asing force of the elastic member (the compres-
sion coil spring 17) to the ball nut (38A) accom-
modated therein, wherein the elastic member
(17) is interposed between the stationary portion
(the housing 83) on the brake main body side
and the case-shaped piston (87);
the guide groove portion (94a), which is provided
on the stationary portion on a brake main body
side, and which extends along the direction of
the rotational axis of the ball screw;
the cam groove (94) having the holding groove
portion (94b) which extends from one end por-
tion of the guide groove portion in a rotational
direction of the ball screw; and
the follower member (the roller fixing bolt 95),
which is provided integrally with the ball nut,
which has the roller contact element (97) which
moves so as to follow the cam groove at the
distal end portion thereof, and which is provided
so as to project radially outwards of the ball nut,
wherein the ball nut in which the roller contact
element is guided in the holding groove portion
holds the wedge cam (20A) in the non-braking
position against the spring biasing forces of the
elastic member.

[4] The wedge cam brake according to [3] above,
wherein
the holding groove portion (94b) has the sloping sur-
face (96) which allows the roller contact element (97)
to roll towards the guide groove portion (94a) by the
biasing force of the elastic member (the compression
coil spring 17).
[5] The wedge cam brake according to [1] above,
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wherein
the spring holding mechanism (130) includes:

the piston member (the spring seat 133) which
is configured to move freely along the direction
of the rotational axis of the ball screw (13) to
transmit the biasing force of the elastic member
(the compression coil spring 117) to the ball nut
(138) which is held so as not to rotate relative
to the ball screw, wherein the elastic member
(117) is interposed between the stationary por-
tion (the cap 131) on the brake main body side
and the piston member (133);
the armature (137), which is brought into en-
gagement with the piston member so as not to
move towards the elastic member relative there-
to, and which is attracted to the stator (136) of
the electromagnetic clutch (135) which is fixed
to the stationary portion on the brake main body
side;
the axial force sensor (170), which is provided
on the link rod (7) for expanding the proximal
end portion of the brake arm (3), for detecting
the axial force exerted on the link rod; and
the controller (400) for controlling the rotation of
the electric motor (161) based on the detection
signal of the axial force sensor.

[6] The wedge cam brake according to [5] above,
wherein
the damper member (139) is provided between the
pushing portion of the piston member (the spring
seat 133) which pushes to bias the ball nut (138) and
the ball nut.
[7] The wedge cam brake according to [5] or [6]
above, wherein
the armature (137) is elastically biased towards the
stator (136) by the set spring (145) whose spring
force is weaker than the biasing force of the elastic
member (the compression spring 117) at all times.
[8] The wedge cam brake according to [1] above,
wherein
the spring holding mechanism (230) includes:

the case-shaped piston (240), which is config-
ured to move freely along the direction of the
rotational axis of the ball screw (13), which ac-
commodates the ball nut (238) so as to move
relative to the ball screw along the direction of
the rotational axis of the ball screw within the
predetermined range and so as not to rotate rel-
ative thereto and which is configured to transmit
the biasing force of the elastic member (the com-
pression coil spring 117) to the wedge cam
(120), wherein the elastic member (117) is in-
terposed between the stationary portion (the cap
131) on the brake main body side and the xase-
shaped piston (240); and

the armature (237), which is brought into en-
gagement with the case-shaped piston so as not
to move towards the elastic member relative to
the case-shaped piston, and which is attracted
to the stator (236) of the electromagnetic clutch
(235) which is fixed to the stationary portion of
the brake main body side.

[9] The wedge cam brake according to [8] above,
wherein
the armature (237) is elastically supported on the
case-shaped piston (240) so as to be attracted to
the stator (236) while being elastically biased there-
to.
[10] The wedge cam brake according to [8] above,
wherein

the armature (237) is attached to the case-
shaped piston via the holding force reducing
mechanism (200), and
the holding force reducing mechanism (200)
causes a part of the locking force, with which
the case-shaped piston (240) attempting to
move in the armature releasing direction is
locked, to be borne by the engaging portion
(250) on the brake main body side.

[0180] The invention is not limited to the embodiments
that have been described heretofore and hence can be
modified or improved as required. In addition, the mate-
rials, shapes, dimensions, numbers, arranging positions
and the like of the constituent elements described in the
embodiments are arbitrary and hence are not limited
thereto, provided that those elements can achieve the
invention.
[0181] In addition, the patent application is based on
Japanese Patent Application (No. 2015-155798) filed on
August 6, 2015 and Japanese Patent Application (No.
2016-051276) filed on March 15, 2016, and the contents
thereof are incorporated herein by reference.

Industrial Applicability

[0182] Since the wedge cam brake of the invention can
reduce the consumption of electric power by the electric
motor and can ensure against the failure of power supply,
the wedge cam brake can be applied to a railway vehicle
disc brake.

Description of Reference Numerals

[0183]

1 Body
2 Support
3 Brake Arm
4 Brake Arm Shaft
5 Pad Holder
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6 Pad Assembly
7 Link Rod
10 Roller Arm
13 Ball Screw
14 Actuator
17 Compression Coil Spring (Elastic Member)
18 Cam Roller
20 Wedge Cam
30 Spring Holding Mechanism
33 Piston Member
38 Ball Nut
61 Electric Motor
100 Brake Rotor

Claims

1. A wedge cam brake, in which proximal end portions
of brake arms are expanded to oscillate by a cam
action of a wedge cam which moves along a direction
of a rotational axis of a ball screw which screws into
a ball nut for pushing to bias the wedge cam to a
braking position as a result of the ball screw being
driven to rotate by an electric motor, causing a pair
of pad assemblies provided at open end portions of
the brake arms to be pressed against both sides of
a brake rotor so as to hold the brake rotor therebe-
tween to thereby execute a braking operation, the
wedge cam brake comprising:

an elastic member for pushing to bias the wedge
cam to the braking position to expand the prox-
imal end portions of the brake arms; and
a spring holding mechanism holding the elastic
member in a biasing force accumulating state
so as to push to bias the wedge cam from a non-
braking position to the braking position.

2. The wedge cam brake according to Claim 1, wherein
the spring holding mechanism includes:

a piston member which is allowed to move freely
along the direction of the rotational axis of the
ball screw to transmit a biasing force of the elas-
tic member to the ball nut which is held so as
not to rotate relative thereto, wherein the elastic
member is interposed between a stationary por-
tion on a brake main body side and the piston
member;
an armature, which is disposed at a rear end
side of the piston member, and which is attracted
to a stator of an electromagnetic clutch which is
fixed to the stationary portion on the brake main
body side; and
a holding lever, which is attached to a distal end
portion of a guide rod which is fixed to the arma-
ture at a proximal end portion thereof so as to
oscillate, and which is brought into engagement

with an engaging portion on the brake main body
side at an oscillating end thereof for abutment
with a distal end side of the piston member to
restrict the movement thereof.

3. The wedge cam brake according to Claim 1, wherein
the spring holding mechanism includes:

a case-shaped piston which is configured to
move freely along the direction of the rotational
axis of the ball screw to transmit a biasing force
of the elastic member to the ball nut accommo-
dated therein, wherein the elastic member is in-
terposed between a stationary portion on a
brake main body side and the case-shaped pis-
ton;
a guide groove portion, which is provided on the
stationary portion on a brake main body side,
and which extends along the direction of the ro-
tational axis of the ball screw;
a cam groove having a holding groove portion
which extends from one end portion of the guide
groove portion in a rotational direction of the ball
screw; and
a follower member, which is provided integrally
with the ball nut, which has a roller contact ele-
ment which moves so as to follow the cam
groove at a distal end portion thereof, and which
is provided so as to project radially outwards of
the ball nut,
wherein the ball nut in which the roller contact
element is guided in the holding groove portion
holds the wedge cam in the non-braking position
against the spring biasing forces of the elastic
member.

4. The wedge cam brake according to Claim 3, wherein
the holding groove portion has a sloping surface
which allows the roller contact element to roll towards
the guide groove portion by the biasing force of the
elastic member.

5. The wedge cam brake according to Claim 1, wherein
the spring holding mechanism includes:

a piston member which is configured to move
freely along the direction of a rotational axis of
the ball screw to transmit a biasing force of the
elastic member to the ball nut which is held so
as not rotate relative to the ball screw, wherein
the elastic member is interposed between a sta-
tionary portion on a brake main body side and
the piston member;
an armature, which is brought into engagement
with the piston member so as not to move to-
wards the elastic member relative thereto, and
which is attracted to a stator of an electromag-
netic clutch which is fixed to the stationary por-
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tion on the brake main body side;
an axial force sensor, which is provided on a link
rod for expanding the proximal end portion of
the brake arm, for detecting an axial force ex-
erted on the link rod; and
a controller for controlling the rotation of the elec-
tric motor based on a detection signal of the axial
force sensor.

6. The wedge cam brake according to Claim 5, wherein
a damper member is provided between a pushing
portion of the piston member which pushes to bias
the ball nut and the ball nut.

7. The wedge cam brake according to Claim 5 or 6,
wherein
the armature is elastically biased towards the stator
by a set spring whose spring force is weaker than
the biasing force of the elastic member at all times.

8. The wedge cam brake according to Claim 1, wherein
the spring holding mechanism includes:

a case-shaped piston, which is configured to
move freely along the direction of a rotational
axis of the ball screw, which accommodates the
bail nut so as to move relative to the ball screw
along the direction of the rotational axis of the
ball screw within a predetermined range and so
as not to rotate relative thereto and which is con-
figured to transmit a biasing force of the elastic
member to the wedge cam, wherein the elastic
member is interposed between the stationary
portion on the brake main body side and the
case-shaped piston; and
an armature, which is brought into engagement
with the case-shaped piston so as not to move
towards the elastic member relative to the case-
shaped piston, and which is attracted to a stator
of an electromagnetic clutch which is fixed to the
stationary portion of the brake main body side.

9. The wedge cam brake according to Claim 8, wherein
the armature is elastically supported on the case-
shaped piston so as to be attracted to the stator while
being elastically biased thereto.

10. The wedge cam brake according to Claim 8, wherein
the armature is attached to the case-shaped piston
via a holding force reducing mechanism, and
the holding force reducing mechanism causes a part
of a locking force, with which the case-shaped piston
attempting to move in an armature releasing direc-
tion is locked, to be borne by an engaging portion on
the brake main body side.
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