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Description

BACKGROUND OF THE INVENTION

(Field of the Invention)

[0001] The present invention relates to a brake device
including independent left and right mechanisms, and
relates to a technique for reducing an operating noise
that occurs when a parking brake is actuated.

(Description of Related Art)

[0002] A brake device has been proposed in which an
electric motor is used as a driving source to generate a
braking force and the braking force can be maintained
even after supply of electricity to the electric motor is
stopped. In a vehicle on which this brake device is in-
stalled, an operating noise is generated when a parking
brake is actuated, and this operating noise may cause
an uncomfortable feeling or annoyance. Specific exam-
ples of such operating noises include a noise that is gen-
erated from a ratchet fitted in a pressure generating
mechanism, a noise that is generated when a lock mech-
anism is locked, and a noise that is generated when a
pressure that causes a braking force increases, and there
is a demand to reduce an uncomfortable feeling or an-
noyance caused by such a noise.
[0003] Examples of methods for reducing the uncom-
fortable feeling or annoyance caused by an operating
noise that occurs when the parking brake is actuated
include a method to reduce the sound pressure level of
the operating noise, and a method to reduce the likeli-
hood that the noise will cause an uncomfortable feeling
or annoyance. As an example of the first method, a meth-
od of optimizing the structures and configuration of a mo-
tor and a speed reducer (or a reduction gear) of an electric
brake device equipped with an electric parking brake so
as to reduce the operating noise has been proposed (Pat-
ent Document 1). In addition, in an electric parking de-
vice, since an impact that is made when an output shaft
of a motor is locked causes an operating noise, a method
of providing a projecting portion or a recessed portion of
an engagement portion of a lock mechanism with an elas-
tic portion to reduce the operating noise has been pro-
posed (Patent Document 2).
[0004] As an example of the second method, there has
been proposed a method of generating an electronic
sound alerting an occupant of a vehicle from a start of
an operation of a parking brake to an end thereof to notify
the occupant of the operation of the brake, and, through
the notification, impressing on the occupant the fact that
an occurrence of an operating noise is a normal phenom-
enon due to the operation of the parking brake, thus al-
lowing the occupant to feel at ease, and making it hard
for the occupant to perceive any operating noise due to
the electronic sound (Patent Document 3).

[Related Document]

[Patent Document]

[0005]

[Patent Document 1] JP Laid-Open Patent Publica-
tion No. 2013-130255
[Patent Document 2] JP Laid-Open Patent Publica-
tion No. 2012-193802
[Patent Document 3] Japanese Patent No. 4680643

[0006] The technique of Patent Document 1, which op-
timizes the structures and configuration of the motor and
the speed reducer, limits the structures and configuration
of the motor and the speed reducer, resulting in a reduc-
tion in versatility of the electric brake device equipped
with the parking brake. The technique of Patent Docu-
ment 2, which provides the lock mechanism with the elas-
tic portion, leads to complicated device structure and an
increase in production cost. This technique is unable to
reduce an operating noise caused by a gear rattle of the
speed reducer which reduces the speed of rotation (or a
number of rotation per a unit time) of the electric motor,
an operating noise of an actuator of the lock mechanism,
or the like.
[0007] The technique of Patent Document 3, which
generates the electronic sound, may not be able to prop-
erly reduce the operating noise, which occurs when the
parking brake is actuated, depending on the magnitude,
frequency range, or the like of the electronic sound, for
example, and also may allow the electronic sound itself
to be a cause of an operating noise. Such an operating
noise may cause an uncomfortable feeling or annoyance
to a driver or passenger(s)
[0008] Patent Application Document DE 10 2010
003232 A1 discloses a brake device, which in case of
low voltage actuates in succession the right and left ac-
tuators of a parking brake mechanism.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide
a brake device that is able to achieve an improvement in
versatility of the device, and which is able to reduce an
uncomfortable feeling and annoyance caused by an op-
erating noise of a parking brake.
[0010] This object is achieved by the features of inde-
pendent claim 1.
[0011] Hereinafter, the present invention will be de-
scribed with reference to reference numerals used in de-
scriptions of embodiments thereof for the sake of con-
venience and easier understanding.
[0012] A brake device of the present invention in-
cludes: left and right parking brake mechanisms 1L and
1R configured to independently apply braking forces to
left and right wheels of a vehicle, respectively, and hold
the vehicle stationary; and a control device 2 configured
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to control these parking brake mechanisms 1L and 1R,
the control device 2 including a parking brake actuation
determiner 12 configured to adjust respective timings at
which the left and right parking brake mechanisms 1L
and 1R are actuated so as to reduce an uncomfortable
feeling caused to an occupant of the vehicle.
[0013] In order to reduce the uncomfortable feeling or
annoyance caused by operating noises of parking
brakes, measures having various and composite ap-
proaches can overall achieve an increase in quietness.
The present applicant has found that reductions in the
uncomfortable feeling and annoyance can be achieved
by a measure related to control, such as optimizing tim-
ings at which actuation commands are generated, as well
as by reducing the sound pressure level of the operating
noise by a mechanical approach, or by using the elec-
tronic sound to reduce the uncomfortable feeling and an-
noyance, as described above.
[0014] In the case of the left and right parking brake
mechanisms configured to independently apply the brak-
ing forces to the left and right wheels, respectively, re-
spective actuation timings can also be determined inde-
pendently. Thus, with a focus on an operating noise that
is most likely to cause the uncomfortable feeling or an-
noyance of all operating noises that occur when the park-
ing brakes are actuated (hereinafter referred to simply
as an "operating noise"), timings at which the actuation
commands are generated may be controlled to manage
timings at which operating noises are generated, for ex-
ample, thereby to reduce the uncomfortable feeling and
annoyance caused to a driver or the like by the operating
noises. Thus, reductions in the uncomfortable feeling and
annoyance caused by the operating noises of the parking
brakes can be achieved.
[0015] According to the above structure, the control
device 2 switches the state of each of the left and right
parking brake mechanisms 1L and 1R respectively from
an unlocked state to a parking lock state in response to
an operation of a parking brake request switch 13 or the
like by the driver, for example. At this time, the parking
brake actuation determiner 12 of the control device 2
adjusts the timing at which each of the left and right park-
ing brake mechanisms 1L and 1R is actuated. For exam-
ple, a process of reconfiguring a control flow of the control
device 2 may be performed to reduce the uncomfortable
feeling and annoyance caused by the operating noise,
which does not restrict the structure or arrangement of
components as in related art. This leads to the improve-
ment in versatility of the brake device.
[0016] Timings at which the operating noises are gen-
erated and which reduce the uncomfortable feeling and
annoyance are previously set at the time of design of the
vehicle on the basis of the sound pressure level and fre-
quency distribution of each operating noise, the arrange-
ment of the parking brake mechanisms 1L and 1R, the
method of fitting the parking brake mechanisms 1L and
1R, the transmission path of each operating noise to the
vehicle, resonance, and chattering.

[0017] For example, when the sound pressure level of
the operating noise is low, simultaneous actuation of the
left and right parking brake mechanisms 1L and 1R does
not lead to a high sound pressure level, and shortening
the duration of the operating noise leads to reductions in
the uncomfortable feeling and annoyance. Meanwhile,
in the case where an effect of shielding the operating
noise and/or an effect of suppressing vibration that con-
tributes to the operating noise can be expected from the
structure of the vehicle, increases in the operating noise
and the amplitude of the vibration would not lead to a
high sound pressure level perceived by the occupant of
the vehicle. Then, similarly to the above-described ex-
ample, the left and right parking brake mechanisms 1L
and 1R may be actuated simultaneously to shorten the
durations of the operating noise and the vibration thereby
to reduce the uncomfortable feeling and annoyance.
[0018] Here, the duration of the operating noise refers
to a period during which the operating noise is perceived
by the occupant, and a duration in the case where the
left and right parking brake mechanisms 1L and 1R are
actuated simultaneously is equal to a duration of a normal
operation, and a duration in the case where one parking
brake mechanism 1L (1R) is actuated first, and the other
parking brake mechanism 1R (1L) is actuated immedi-
ately after the operation of the one parking brake mech-
anism 1L (1R) is completed so as to operate consecu-
tively, is twice the duration of the normal operation.
[0019] In contrast to the above examples, when the
sound pressure level of the operating noise is high, the
left and right parking brake mechanisms 1L and 1R may
be actuated one after the other in succession, at different
timings, to prevent the sound pressure level from having
a high peak, so that the uncomfortable feeling and an-
noyance can be reduced. Further, in the case where the
effect of shielding the operating noise and/or the effect
of suppressing the vibration that contributes to the oper-
ating noise cannot be expected from the structure of the
vehicle, more specifically, in the case where air-borne
noise tends to easily occur or where resonance or chat-
tering noise (beat noise) tends to easily occur, the left
and right parking brake mechanisms 1L and 1R may be
actuated one after the other in succession to reduce the
operating noise and the amplitude of the vibration, so
that the sound pressure level can be prevented from hav-
ing a high peak, and the uncomfortable feeling and an-
noyance can be reduced.
[0020] Although the following cases are contradictory
to the above cases, in the case where the operating noise
has a high sound pressure level but is in such a frequency
range that the occupant does not easily have an uncom-
fortable feeling or feel annoyance, it is desirable that the
left and right parking brake mechanisms 1L and 1R be
actuated simultaneously, and in the case where the op-
erating noise has such a low sound pressure level that
the operating noise is not perceivable when caused by
an operation of one parking brake mechanism 1L (1R)
alone, but is perceivable when caused by operations of
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both the left and right parking brake mechanisms 1L and
1R, it is desirable that the left and right parking brake
mechanisms 1L and 1R be actuated in succession. In
actuality, it is preferable that sensory testing is conducted
at the time of the design of the vehicle while respective
timings at which the actuation commands for the parking
brake mechanisms 1L and 1R are generated are varied,
and that timings which cause the least uncomfortable
feeling and annoyance are adopted.
[0021] In response to input of a parking brake actuation
request from a driver of the vehicle, the parking brake
actuation determiner 12 may input a parking brake actu-
ation command into each of the left and right parking
brake mechanisms 1L and 1R on the basis of a set timing
to reduce the uncomfortable feeling caused to the occu-
pant of the vehicle, thereby to cause the vehicle to enter
into a parking lock state in which the vehicle is held sta-
tionary. As the above timing, for example, a timing which
has been found to cause the least uncomfortable feeling
and annoyance as a result of a test, a simulation, or the
like, is set.
[0022] The parking brake actuation determiner 12
includes :

an operation completion signal monitor 16 config-
ured to input a parking brake actuation command
into one 1L (1R) of the left and right parking brake
mechanisms 1L and 1R, and perform monitoring for
an operation completion signal indicating a comple-
tion of an operation of the one 1L (1R) of the left and
right parking brake mechanisms 1L and 1R; and
an actuation command sequential input section 17
configured to input a parking brake actuation com-
mand into the other 1R (1L) of the left and right park-
ing brake mechanisms 1R and 1L in response to a
detection of the operation completion signal by the
operation completion signal monitor 16.

[0023] In this case, after the parking brake actuation
determiner 12 inputs the parking brake actuation com-
mand into the one 1L (1R) of the parking brake mecha-
nisms 1L and 1R, the operation completion signal monitor
16 waits for a receipt of the operation completion signal.
Upon receipt of the operation completion signal, the ac-
tuation command sequential input section 17 inputs the
parking brake actuation command into the other parking
brake mechanism 1R (1L). The left and right parking
brake mechanisms 1L and 1R may thus be actuated one
after the other in succession to prevent the sound pres-
sure level from having a high peak, so that the uncom-
fortable feeling and annoyance can be reduced.
[0024] The parking brake actuation determiner 12 may
actuate the left and right parking brake mechanisms 1L
and 1R simultaneously in accordance with the timings.
In the case where the sound pressure level of the oper-
ating noise is low, or in the case where the effect of shield-
ing the operating noise and/or the effect of suppressing
vibration that contributes to the operating noise can be

expected from the structure of the vehicle, for example,
the left and right parking brake mechanisms 1L and 1R
may be actuated simultaneously to shorten the durations
of the operating noise and the vibration, so that the un-
comfortable feeling and annoyance caused to the occu-
pant of the vehicle can be reduced.
[0025] The parking brake actuation determiner 12 may
include:

a set time observer 14 configured to input a parking
brake actuation command into one 1L (1R) of the left
and right parking brake mechanisms 1L and 1R, and
determine whether a set time has elapsed; and
an actuation command suspending section 15 con-
figured to input a parking brake actuation command
into the other 1R (1L) of the left and right parking
brake mechanisms 1L and 1R when the set time ob-
server 14 has determined that the set time has
elapsed.

The set time is determined, for example, at the time of
the design of the vehicle on the basis of a sensory eval-
uation or the like.
[0026] In this case, after the parking brake actuation
determiner 12 inputs the parking brake actuation com-
mand into the one 1L (1R) of the parking brake mecha-
nisms 1L and 1R, the set time observer 14 determines
whether the set time has elapsed. If it is determined that
the set time has elapsed, the actuation command sus-
pending section 15 inputs the parking brake actuation
command into the other parking brake mechanism 1R
(1L). The left and right parking brake mechanisms 1L and
1R may thus be actuated one after the other in succes-
sion to prevent the sound pressure level from having a
high peak, so that the uncomfortable feeling and annoy-
ance can be reduced.
[0027] The parking brake actuation determiner 12 may
adjust both the timing at which each of the left and right
parking brake mechanisms 1L and 1R is actuated and a
timing at which a predetermined or pre-selected mech-
anism in the vehicle that generates operating noise is
actuated so as to reduce the uncomfortable feeling
caused to the occupant of the vehicle. An example of the
predetermined mechanism is a door lock mechanism.
[0028] In the case where the predetermined mecha-
nism is the door lock mechanism, for example, from the
viewpoint of determining the timing at which each of the
left and right parking brake mechanisms is actuated so
as to reduce the uncomfortable feeling and annoyance,
any operating noise generated at the door lock mecha-
nism of the vehicle is taken into consideration when ac-
tuating the parking brake mechanisms. In the case where
the parking brake mechanisms are actuated when an
occupant is in the vehicle, a released door lock mecha-
nism will be convenient for the occupant. Accordingly, in
the case where the door lock mechanism is configured
to be released upon actuation of the parking brake, op-
erating noise is caused by the release of the door lock
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mechanism as well. Then, the timing at which the door
lock mechanism is actuated and the timing at which each
of the parking brake mechanisms 1L and 1R is actuated
may be adjusted (for example, the parking brake may be
actuated as at substantially the same time as the door
lock mechanism is actuated) to reduce the uncomfortable
feeling and annoyance caused by the actuation of the
parking brake.
[0029] Preferably, the brake device of the present in-
vention includes left and right electric brake mechanisms
101L and 101R configured to be capable of independ-
ently applying braking forces to the left and right wheels
5 and 5, respectively, of the vehicle, and to be operated
by a driver through a brake operation portion 104,
each of the left and right parking brake mechanisms 102L
and 102R is capable of independently switching between
a parking lock state, in which the parking brake mecha-
nism 102L or 102R prevents the braking force by a cor-
responding one of the left and right electric brake mech-
anisms 101L and 101R from being released, and an un-
locked state, in which the parking brake mechanism 102L
or 102R permits the braking force to be released,
the control device 103 controls the left and right electric
brake mechanisms 101L and 101R and the left and right
parking brake mechanisms 102L and 102R, and
the parking brake actuation determiner 119 adjusts re-
spective timings at which the left and right parking brake
mechanisms 102L and 102R are actuated to shift from
the unlocked state to the parking lock state so as to re-
duce the uncomfortable feeling caused to the occupant
of the vehicle.
[0030] As described above, in order to reduce the un-
comfortable feeling or annoyance caused by operating
noises of parking brakes, measures having various and
composite approaches can overall achieve an increase
in quietness. The present applicant has found that reduc-
tions in the uncomfortable feeling and annoyance can be
achieved by a measure related to control, such as opti-
mizing timings at which actuation commands are gener-
ated, as well as by reducing the sound pressure level of
the operating noise by a mechanical approach, or by us-
ing the electronic sound to reduce the uncomfortable feel-
ing and annoyance, as described above.
[0031] In the case where the brake device has inde-
pendent left and right parking brake mechanisms, re-
spective timings at which the left and right parking brake
mechanisms are actuated can also be determined inde-
pendently. Thus, with a focus on the "operating noise"
that is most likely to cause the uncomfortable feeling or
annoyance of all operating noises that occur when the
parking brakes are actuated, timings at which the actu-
ation commands are generated may be controlled to
manage timings at which operating noises are generated,
for example, thereby to reduce the uncomfortable feeling
and annoyance caused to the driver or the like by the
operating noises. Thus, reductions in the uncomfortable
feeling and annoyance caused by the operating noises
of the parking brakes can be achieved.

[0032] According to the above structure, in the case of
normal braking, where a so-called service brake opera-
tion is performed, if the driver operates the brake oper-
ation portion 104, the control device 103 controls the left
and right electric brake mechanisms 101L and 101R to
independently apply braking forces to the left and right
wheels 5 and 5, respectively. In the case where the park-
ing brake mechanisms 102L and 102R are actuated, the
driver operates, for example, a parking brake request
switch 21 or the like when the vehicle is stationary with
use of the electric brake mechanisms 101L and 101R or
the like. As a result, the control device 103 switches the
state of each of the left and right parking brake mecha-
nisms 102L and 102R from the unlocked state to the park-
ing lock state. At this time, the parking brake actuation
determiner 119 of the control device 103 adjusts the tim-
ing at which each of the left and right parking brake mech-
anisms 102L and 102R is actuated to shift the state of
the parking brake mechanism 102L or 102R from the
unlocked state to the parking lock state. For example, a
process of reconfiguring a control flow of the control de-
vice 103 or the like can be performed to reduce the un-
comfortable feeling and annoyance due to the operating
noise, which does not restrict the structure or arrange-
ment of the electric motor or a speed reduction mecha-
nism as in related art. This leads to the improvement in
versatility of the electric brake device.
[0033] Timings at which the operating noises are gen-
erated and which reduce the uncomfortable feeling and
annoyance are previously set at the time of design of the
vehicle on the basis of the sound pressure level and fre-
quency distribution of each operating noise, the arrange-
ment of the parking brake mechanisms 102L and 102R,
the method of fitting the parking brake mechanisms 102L
and 102R, the transmission path of each operating noise
to the vehicle, resonance, and chattering.
[0034] For example, when the sound pressure level of
the operating noise is low, simultaneous actuation of the
left and right parking brake mechanisms 102L and 102R
does not lead to a high sound pressure level, and short-
ening the duration of the operating noise leads to reduc-
tions in the uncomfortable feeling and annoyance. Mean-
while, in the case where the effect of shielding the oper-
ating noise and/or the effect of suppressing the vibration
that contributes to the operating noise can be expected
from the structure of the vehicle, increases in the oper-
ating noise and the amplitude of the vibration would not
lead to a high sound pressure level perceived by the oc-
cupant of the vehicle. Then, similarly to the above-de-
scribed example, the left and right parking brake mech-
anisms 102L and 102R may be actuated simultaneously
to shorten the durations of the operating noise and the
vibration thereby to reduce the uncomfortable feeling and
annoyance.
[0035] Here, the duration of the operating noise refers
to a period during which the operating noise is perceived
by the occupant, and a duration in the case where the
left and right parking brake mechanisms 102L and 102R
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are actuated simultaneously is equal to a duration of a
normal operation, and a duration in the case where one
parking brake mechanism 102L (102R) is actuated first,
and the other parking brake mechanism 102R (102L) is
actuated immediately after the operation of the one park-
ing brake mechanism 102L (102R) is completed so as
to operate consecutively, is twice the duration of the nor-
mal operation.
[0036] In contrast to the above examples, when the
sound pressure level of the operating noise is high, the
left and right parking brake mechanisms 102L and 102R
may be actuated one after the other in succession, at
different timings, to prevent the sound pressure level from
having a high peak, so that the uncomfortable feeling and
annoyance can be reduced. Further, in the case where
the effect of shielding the operating noise and/or the ef-
fect of suppressing the vibration that contributes to the
operating noise cannot be expected from the structure
of the vehicle, more specifically, in the case where air-
borne noise tends to easily occur or where resonance or
chattering noise (beat noise) tends to easily occur, the
left and right parking brake mechanisms 102L and 102R
may be actuated one after the other in succession to
reduce the operating noise and the amplitude of the vi-
bration, so that the sound pressure level can be prevent-
ed from having a high peak, and the uncomfortable feel-
ing and annoyance can be reduced.
[0037] In the case where the operating noise has a
high sound pressure level but is in such a frequency
range that the occupant does not easily have an uncom-
fortable feeling or feel annoyance, it is desirable that the
left and right parking brake mechanisms 102L and 102R
be actuated simultaneously. Further, in the case where
the operating noise has such a low sound pressure level
that the operating noise is not perceivable when caused
by an operation of one parking brake mechanism 102L
(102R) alone, but is perceivable when caused by oper-
ations of both the left and right parking brake mechanisms
102L and 102R, it is desirable that the left and right park-
ing brake mechanisms 102L and 102R be actuated in
succession. In actuality, it is preferable that sensory test-
ing is conducted at the time of the design of the vehicle
while respective timings at which the actuation com-
mands for the parking brake mechanisms 102L and 102R
are generated are varied, and that timings which cause
the least uncomfortable feeling and annoyance are
adopted.
[0038] Each electric brake mechanism 101L or 101R
may include an electric motor 106, a brake rotor 109, a
friction pad 110 caused to make contact with the brake
rotor 109 to generate the braking force, a speed reduction
mechanism 107 configured to reduce a speed of rotation
of the electric motor 106, and a linear motion mechanism
108 configured to convert a rotational motion outputted
from the speed reduction mechanism 107 into a linear
motion of the friction pad 110, and
each parking brake mechanism 102L or 102R may in-
clude:

a locking member 116 to be engaged with an en-
gagement hole 118 defined in the speed reduction
mechanism 107; and
an actuator 117 configured to drive the locking mem-
ber 116 so as to switch between the parking lock
state, in which the locking member 116 is engaged
with the engagement hole 118 to restrict the rota-
tional motion of the speed reduction mechanism 107,
and the unlocked state, in which the locking member
116 is out of engagement with the engagement hole
118.

[0039] In this case, example causes of the operating
noise include an operating noise that is generated when
the actuator 117 is actuated to switch from the unlocked
state to the parking lock state, a gear rattle of gears of
the speed reduction mechanism 107, and a noise that is
generated when the locking member 116 is fitted into and
engaged with the engagement hole 118. Regardless of
the cause of the operating noise, the parking brake ac-
tuation determiner 119 is able to reduce the uncomfort-
able feeling and annoyance caused by the operating
noise by adjusting the timing at which each of the parking
brake mechanisms 102L and 102R is actuated in accord-
ance with the cause of the operating noise.
[0040] The control device 103 may include left and right
brake pressure generators 120L and 120R configured to
output brake pressure commands to the left and right
electric brake mechanisms 101L and 101R, respectively,
to cause the left and right electric brake mechanisms
101L and 101R to generate a set pressing force, in re-
sponse to input of a brake pressure request signal from
the parking brake actuation determiner 119. The set
pressing force is determined, for example, from a braking
force necessary to keep the vehicle at stoppage, as a
result of a test, a simulation, or the like. According to this
structure, the left and right parking brake mechanisms
102L and 102R can be actuated after each of the left and
right brake pressure generators 120L and 120R outputs
the brake pressure command to generate the set press-
ing force.
[0041] The parking brake actuation determiner 119
may generate the brake pressure request signal for each
of the left and right brake pressure generators 120L and
120R on the basis of the set timing, in response to input
of a parking brake actuation request.
[0042] In this case, in response to the parking brake
actuation request from a parking brake request switch
121 or the like, the parking brake actuation determiner
119 generates the brake pressure request signal for one
120L (120R) of the left and right brake pressure gener-
ators 120L and 120R, for example. Thereafter, the park-
ing brake actuation determiner 119 generates the brake
pressure request signal for the other brake pressure gen-
erator 120R (120L) on the basis of the set timing. Note
that the parking brake actuation determiner 119 may gen-
erate the brake pressure request signals for the left and
right brake pressure generators 120L and 120R simulta-

9 10 



EP 3 135 548 B1

7

5

10

15

20

25

30

35

40

45

50

55

neously.
[0043] The parking brake actuation determiner 119
may monitor a feedback value of a pressing force gen-
erated by each electric brake mechanism 101L or 101R
after outputting the brake pressure request signal for
each of the left and right brake pressure generators 120L
and 120R, and, when the pressing force has exceeded
a threshold value, generate a parking brake actuation
command for each of the left and right parking brake
mechanisms 102L and 102R on the basis of the set timing
to cause each of the left and right parking brake mech-
anisms 102L and 102R to enter into the parking lock
state. The threshold value is determined, for example,
on the basis of a result of an experiment, a simulation,
or the like.
[0044] The pressing force of each of the electric brake
mechanisms 101L and 101R should have reached a
pressing force necessary to keep the vehicle at stoppage
when the parking brake mechanisms 102L and 102R are
actuated. Accordingly, the parking brake actuation de-
terminer 119 monitors the feedback value of the pressing
force generated by each of the electric brake mecha-
nisms 101L and 101R after outputting the brake pressure
request signal for each of the left and right brake pressure
generators 120L and 120R. If the feedback value of at
least one of the pressing forces of the electric brake
mechanisms 101L and 101R is equal to or less than the
threshold value, the process of monitoring the feedback
value of the pressing force of each of the electric brake
mechanisms 101L and 101R is repeated, for example. If
both the feedback values have exceeded the threshold
value, the parking brake actuation determiner 119 gen-
erates the respective parking brake actuation command
for each of the parking brake mechanisms 102L and
102R on the basis of the set timing. This makes sure that
the vehicle stops while reducing the uncomfortable feel-
ing and annoyance caused by the operating noise.
[0045] After outputting the brake pressure request sig-
nal for each of the left and right brake pressure generators
120L and 120R, the parking brake actuation determiner
119 may generate a parking brake actuation command
for each of the left and right parking brake mechanisms
102L and 102R to cause each of the left and right parking
brake mechanisms 102L and 102R to enter into the park-
ing lock state, in accordance with a predetermined con-
dition; and
the parking brake actuation determiner 119 may output
the respective brake pressure request signals for the left
and right brake pressure generators 120L and 120R and
the respective parking brake actuation commands for the
left and right parking brake mechanisms 102L and 102R
on the basis of set timings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] In any event, the present invention will become
more clearly understood from the following description
of preferred embodiments thereof, when taken in con-

junction with the accompanying drawings. However, the
embodiments and the drawings are given only for the
purpose of illustration and explanation, and are not to be
taken as limiting the scope of the present invention in
any way whatsoever, which scope is to be determined
by the appended claims. In the accompanying drawings,
like reference numerals are used to denote like parts
throughout the several views, and:

Fig. 1 is a block diagram illustrating the schematic
configuration of a main part of a vehicle on which a
brake device according to a first embodiment of the
present invention is installed, in a plan view;
Fig. 2 is a block diagram of a control system of the
brake device;
Fig. 3 is a flowchart illustrating an example in which
left and right parking brake mechanisms in the brake
device are actuated one after the other in time;
Fig. 4 is a flowchart illustrating an example in which
a parking brake operation completion signal is used
in the brake device;
Fig. 5 is a block diagram illustrating the schematic
configuration of a main part of a vehicle on which a
brake device according to a second embodiment of
the present invention is installed, in a plan view;
Fig. 6 is a schematic diagram illustrating a brake de-
vice according to a third embodiment of the present
invention;
Fig. 7A is a schematic diagram illustrating a main
part of a parking brake mechanism of the electric
brake device in a plan view;
Fig. 7B is an enlarged sectional view illustrating a
section of one of engagement holes illustrated in Fig.
7A taken along a radial direction;
Fig. 8A is a schematic diagram illustrating a non-
parking lock state of the electric brake device;
Fig. 8B is a schematic diagram illustrating a parking
lock state of the electric brake device;
Fig. 9 is a block diagram of a control system for ex-
plaining a normal service brake operation and so on
of the electric brake device;
Fig. 10 is a block diagram of a control system of the
electric brake device;
Fig. 11 is a flowchart illustrating a procedure in which
a control device of the electric brake device makes
left and right brake pressure requests simultaneous-
ly;
Fig. 12 is a flowchart illustrating a procedure in the
case where the control device generates parking
brake actuation commands for the left and the right
one after the other in succession;
Fig. 13 is a flowchart illustrating a procedure in which
the control device determines whether an engage-
ment of a parking brake mechanism of the electric
brake device has succeeded;
Fig. 14 is a flowchart illustrating a procedure in the
case where the control device gradually increases
left and right brake pressures;
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Fig. 15 is a block diagram of a control system of an
electric brake device according to a modification of
the third embodiment;
Fig. 16 is a block diagram of a control system of an
electric brake device according to another modifica-
tion of the third embodiment; and
Fig. 17 is a block diagram of a control system of an
electric brake device according to yet another mod-
ification of the third embodiment.

DESCRIPTION OF EMBODIMENTS

[0047] A brake device according to a first embodiment
of the present invention will be described with reference
to Figs. 1 to 4. As illustrated in Fig. 1, this brake device
includes left and right parking brake mechanisms 1L and
1R, and a control device 2 for controlling these parking
brake mechanisms 1L and 1R. The left and right parking
brake mechanisms 1L and 1R have, for example, a con-
figuration in which wires 3 and 3 of so-called wire-type
parking brakes are pulled by driving sources 4 and 4,
such as electric motors or actuators, prepared separately
for the left and right sides. Note that the left and right
parking brake mechanisms 1L and 1R are not limited to
such mechanisms. On a vehicle on which this brake de-
vice is installed, hydraulic or electric brake devices, for
example, are provided as service brakes 6 for braking
left front, right front, left rear, and right rear wheels 5.
[0048] In this embodiment, the left and right parking
brake mechanisms 1L and 1R are provided for the left
and right rear wheels 5 and 5. Note that the left and right
parking brake mechanisms 1L and 1R may alternatively
be provided for the left and right front wheels 5 and 5, or
the left and right parking brake mechanisms 1L and 1R
may alternatively be provided for the left and right wheels
5 and 5 on both front and rear sides. The parking brake
mechanisms 1L and 1R are configured to independently
apply braking forces to the left and right wheels 5 and 5,
respectively, of the vehicle, and hold the vehicle station-
ary or at stoppage. As described below, each of the park-
ing brake mechanisms 1L and 1R uses, for example, a
brake rotor (not shown) and a friction pad (not shown) of
the service brake 6, to apply the braking force.
[0049] Each of the parking brake mechanisms 1L and
1R includes the driving source 4, a worm gear mecha-
nism 7, the wire 3, and a brake shoe lever or a push
rod/cam mechanism, which is not shown. In the case
where a drum brake is adopted as each service brake 6,
the brake shoe lever is adopted. In the case where a disc
brake is adopted as each service brake 6, the push
rod/cam mechanism is adopted. The push rod/cam
mechanism includes a cam (not shown) connected to the
wire 3, a push rod (not shown) pressed by a pressing
force by this cam, and a piston (not shown) which in-
creases the pressure of a pressing force from the push
rod and transmits the increased pressure to the friction
pad.
[0050] As shown in an illustration enclosed by a single-

dotted line, the worm gear mechanism 7 includes a worm
8 on the driving side, a worm wheel 9 on the driven side,
and a winding reel 10. The worm 8 is coupled to a motor
shaft (not shown) of the electric motor, which is the driving
source 4. The worm wheel 9 meshes with the worm 8,
and a rotation of the worm wheel 9 causes the winding
reel 10 to rotate. This rotation of the winding reel 10 caus-
es the wire 3 to be wound up. Driving the electric motor
to rotate in a predetermined rotation direction causes the
wire 3 to be wound up through the worm 8, the worm
wheel 9, and the winding reel 10.
[0051] In the case where the drum brake is adopted
as each service brake 6, winding up of the wire 3 pulls
the brake shoe lever connected to the wire 3, so that the
friction pad is pressed against the brake rotor to cause
a parking brake to function. In the case where the disc
brake is adopted as each service brake 6, winding up of
the wire 3 causes the cam connected to the wire 3 to
press the push rod, so that the piston presses the friction
pad. As a result, the friction pad is pressed against the
brake rotor, so that the parking brake functions.
[0052] The worm wheel 9 is provided with a ratchet
mechanism 11 to prevent the worm wheel 9 from rotating
in a reverse direction even if the electric motor stops run-
ning or electricity stops passing through the electric mo-
tor. For example, if each of the parking brake mecha-
nisms 1L and 1R is actuated to generate a braking force,
the ratchet mechanism 11 prevents the braking force
from being released even after main power of the vehicle
is turned off. The vehicle is thus held stationary.
[0053] Fig. 2 is a block diagram of a control system of
this brake device. The control device 2 of this brake de-
vice includes a parking brake actuation determiner 12.
The control device 2 is formed by a computer including
a processor, a read-only memory (ROM) having a pro-
gram to be executed by the processor, a random-access
memory (RAM), and another electronic circuit, such as
a co-processor. The parking brake actuation determiner
12 adjusts respective timings at which the left and right
parking brake mechanisms 1L and 1R are actuated re-
spectively to shift from an unlocked state to a parking
lock state so as to reduce an uncomfortable feeling and
annoyance caused to an occupant of the vehicle.
[0054] When a driver desires to actuate the parking
brake mechanisms 1L and 1R, the driver operates a park-
ing brake request switch 13 provided on a console panel
or the like of the vehicle, for example. A parking brake
actuation request generated as a result is inputted to the
parking brake actuation determiner 12. In the case where
the left and right parking brake mechanisms 1L and 1R
are actuated simultaneously, the parking brake actuation
determiner 12 generates (left and right) parking brake
actuation commands simultaneously for the left and right
parking brake mechanisms 1L and 1R upon input of the
parking brake actuation request, for example.
[0055] The case where the left and right parking brake
mechanisms 1L and 1R are actuated one after the other
in succession, without use of a parking brake operation
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completion signal, will now be described below. In this
case, the parking brake actuation determiner 12 includes
a set time observer 14 and an actuation command sus-
pending section 15. The set time observer 14 inputs the
parking brake actuation command into one 1L (1R) of
the left and right parking brake mechanisms 1L and 1R,
and determines whether a set time has elapsed. The set
time observer 14 includes a timer implemented in soft-
ware or hardware, and a comparator that compares an
output value of the timer with the set time, and outputs a
result of the comparison.
[0056] The set time is, for example, determined previ-
ously by a sensory evaluation or the like at the time of
the design of the vehicle, and the simplest example there-
of is a time from the generation of the parking brake ac-
tuation command for the one parking brake mechanism
1L (1R) to a completion of an operation of the one parking
brake mechanism 1L (1R). The actuation command sus-
pending section 15 includes a demultiplexer or the like
implemented in software or hardware, for example, and,
when the set time observer 14 has determined that the
set time has elapsed, outputs the parking brake actuation
command from the demultiplexer to input the parking
brake actuation command into the other 1R (1L) of the
left and right parking brake mechanisms 1L and 1R. The
left and right parking brake mechanisms 1L and 1R are
thus actuated one after the other in succession using the
set time.
[0057] Fig. 3 is a flowchart illustrating an example in
which the left and right parking brake mechanisms in this
brake device are actuated one after the other in time.
The following description will be provided with appropri-
ate reference made to Figs. 1 and 2 as well. The present
control flow is started if the parking brake request switch
13 is pressed, and the parking brake actuation request
is transmitted to the parking brake actuation determiner
12 (START). Note that, in the example described below,
descriptions of a determination as to malfunctioning of
the parking brake, a process related to a time limit at a
waiting time for condition meeting, and so on, are omitted,
and it is assumed that such determination and process
are appropriately performed as necessary. For the sake
of description, it is assumed in the following description
that the right parking brake mechanism 1R is actuated
before the left parking brake mechanism 1L in the case
where the left and right parking brake mechanisms 1L
and 1R are actuated one after the other in succession,
but it is to be noted that either one of the left and right
parking brake mechanisms 1L and 1R may be actuated
first.
[0058] After the present procedure is started, upon in-
put of the parking brake actuation request, the parking
brake actuation determiner 12 generates the parking
brake actuation command first for the right parking brake
mechanism 1R to actuate the right parking brake mech-
anism 1R (step S100). Thereafter, the parking brake ac-
tuation determiner 12 waits for the set time of a given
length set by the set time observer 14 (step S200). After

the time of the given length has elapsed, that is, when
the set time observer 14 has determined that the set time
has elapsed, the actuation command suspending section
15 of the parking brake actuation determiner 12 gener-
ates the parking brake actuation command for the left
parking brake mechanism 1L to actuate the left parking
brake mechanism 1L (step S300). The present procedure
is thereafter finished (END).
[0059] The case where the left and right parking brake
mechanisms 1L and 1R are actuated one after the other
in succession, with use of the parking brake operation
completion signal, will now be described below. As illus-
trated in Fig. 2, the parking brake actuation determiner
12 in this case includes an operation completion signal
monitor 16 and an actuation command sequential input
section 17. The operation completion signal monitor 16
inputs the parking brake actuation command into one
mechanism 1L (1R) of the left and right parking brake
mechanisms 1L and 1R, and performs monitoring for an
operation completion signal indicating a completion of
the operation of the one mechanism 1L (1R) of the left
and right parking brake mechanisms 1L and 1R.
[0060] A specific example of a timing at which the op-
eration completion signal for the parking brake mecha-
nism 1L (1R) is outputted is a timing based on the fact
that the driving source 4, such as the aforementioned
electric motor or actuator, has completed a required
amount of operation. For example, an electric current
sensor Sa that detects an electric current in the driving
source 4 is provided, and then, the operation completion
signal monitor 16 is able to determine that the driving
source 4 has completed the required amount of operation
by using a predetermined comparison function, a trans-
form function, and/or the like in a library or a lookup table
(LUT), for example, and, when the electric current de-
tected by the electric current sensor Sa is equal to or
greater than a threshold value, by calculating and out-
putting a result of comparison between the value of the
electric current and the threshold value. The threshold
value is determined, for example, on the basis of a result
of an experiment, a simulation, or the like. In addition,
considering that the aforementioned required amount
corresponds to the angle of rotation of the driving source
4 for the parking brake, the above timing may be based
on the fact that the driving source 4 has rotated by a
minimum necessary angle determined as a result of an
experiment, a simulation, or the like, with reference made
to an angle measured by a rotation angle sensor attached
to the winding reel or the like or by an angle sensor used
on controlling the motor served as the driving source 4,
for example.
[0061] If the operation completion signal monitor 16
detects the operation completion signal, the actuation
command sequential input section 17 inputs the parking
brake actuation command into the other 1R (1L) of the
left and right parking brake mechanisms 1L and 1R to
actuate the other parking brake mechanism 1R (1L). The
left and right parking brake mechanisms 1L and 1R are
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thus actuated one after the other in succession using the
parking brake operation completion signal.
[0062] Fig. 4 is a flowchart illustrating an example in
which the parking brake operation completion signal is
used in this brake device. The present procedure is start-
ed if the parking brake request switch 13 is pressed and
the parking brake actuation request is transmitted to the
parking brake actuation determiner 12 (START). Upon
input of the parking brake actuation request, the parking
brake actuation determiner 12 generates the parking
brake actuation command first for the right parking brake
mechanism 1R, also for the sake of description, to actu-
ate the right parking brake mechanism 1R (step al).
[0063] Next, the operation completion signal monitor
16 waits until the parking brake operation completion sig-
nal is received from the right parking brake mechanism
1R (step a2). If the parking brake operation completion
signal is not received (step a2: no), the procedure goes
back to step a2. After receiving the parking brake oper-
ation completion signal from the right parking brake
mechanism 1R (step a2: yes), the actuation command
sequential input section 17 generates the parking brake
actuation command for the left parking brake mechanism
1L to actuate the left parking brake mechanism 1L (step
a3). The present procedure is thereafter finished (END).
[0064] According to the brake device described above,
the control device 2 switches the state of each of the left
and right parking brake mechanisms 1L and 1R from the
unlocked state to the parking lock state in response to
pressing of the parking brake request switch 13. At this
time, the parking brake actuation determiner 12 of the
control device 2 adjusts the timing at which each of the
left and right parking brake mechanisms 1L and 1R is
actuated. For example, such a process of reconfiguring
the control flow of the control device 2 may be performed
to reduce the uncomfortable feeling and annoyance due
to the operating noise, which does not restrict the struc-
ture or arrangement of components as in related art. This
leads to an improvement in versatility of the brake device.
[0065] The uncomfortable feeling and annoyance due
to the operating noise can be reduced by estimating, for
example, the sound pressure level of the operating noise
at the time of the design of the vehicle, and by actuating
the left and right parking brake mechanisms 1L and 1R
simultaneously or one after the other in succession in
accordance with the operating noise. For example, when
the sound pressure level of the operating noise is low,
simultaneous actuation of the left and right parking brake
mechanisms 1L and 1R does not lead to a high sound
pressure level, and leads to shortening the duration of
the operating noise, resulting in reductions in the uncom-
fortable feeling and annoyance.
[0066] Meanwhile, in the case where an effect of
shielding the operating noise and/or an effect of sup-
pressing vibration that contributes to the operating noise
can be expected from the structure of the vehicle, in-
creases in the operating noise and the amplitude of the
vibration would not lead to a high sound pressure level

perceived by the occupant of the vehicle. As such, sim-
ilarly to the above-described example, the left and right
parking brake mechanisms 1L and 1R may be actuated
simultaneously to shorten the durations of the operating
noise and the vibration thereby to reduce the uncomfort-
able feeling and annoyance.
[0067] When the sound pressure level of the operating
noise is high, the left and right parking brake mechanisms
1L and 1R may be actuated one after the other in suc-
cession to prevent the sound pressure level from having
a high peak, so that the uncomfortable feeling and an-
noyance can be reduced. Further, in the case where the
effect of shielding the operating noise and/or the effect
of suppressing the vibration that contributes to the oper-
ating noise cannot be expected from the structure of the
vehicle, more specifically, in the case where air-borne
noise tends to easily occur or where resonance or chat-
tering noise tends to easily occur, the left and right park-
ing brake mechanisms 1L and 1R may be actuated one
after the other in succession to reduce the operating
noise and the amplitude of the vibration, so that the sound
pressure level can be prevented from having a high peak,
and the uncomfortable feeling and annoyance can be
reduced.
[0068] A second embodiment will now be described
below. In the following description, components or fea-
tures that have their equivalents in the preceding embod-
iment described above will be denoted by the same ref-
erence numerals as those of their equivalents, and re-
dundant description will be omitted. When only a part of
such a component or feature is described, the remaining
part of the component or feature should be understood
to remain the same as in the preceding embodiment un-
less otherwise noted. Like components or features pro-
duce like advantageous effects.
[0069] As illustrated in Fig. 5, left and right parking
brake mechanisms 1L and 1R, each of which is formed
by a driving source 4, such as an electric motor, may be
provided directly on left and right service brakes 6 and
6, respectively. In this case, a brake device as a whole
can be made compact, and the assemblability of this
brake device to a vehicle is enhanced in comparison with
the brake device according to the first embodiment. A
direct-acting actuator or electric motor, for example, may
be used as the driving source 4 for each of the parking
brake mechanisms 1L and 1R, and the brake shoe lever
or the cam may be directly driven without use of the worm
gear mechanism and the wire.
[0070] In each of the above-described embodiments,
the parking brake actuation determiner 12 may be con-
figured to adjust both the timing at which each of the left
and right parking brake mechanisms 1L and 1R is actu-
ated and a timing at which a predetermined mechanism
in the vehicle is actuated so as to reduce the uncomfort-
able feeling caused to the occupant of the vehicle. An
example of the predetermined mechanism is a door lock
mechanism (not shown). In the case where the door lock
mechanism is configured to be released upon actuation
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of the parking brake, operating noise is caused by the
release of the door lock mechanism as well. Then, the
timing at which the door lock mechanism is actuated and
the timing at which each of the parking brake mecha-
nisms 1L and 1R is actuated may be adjusted to reduce
the uncomfortable feeling and annoyance caused by the
actuation of the parking brake.
[0071] An electric brake device according to a third em-
bodiment of the present invention will now be described
below with reference to Figs. 6 to 14. As illustrated in Fig.
6, this electric brake device includs left and right electric
brake mechanisms 101L and 101R, left and right parking
brake mechanisms 102L and 102R, and a control device
(hereinafter referred to also as an "electric brake and
parking brake control device") 103 that controls the elec-
tric brake mechanisms 101L and 101R and the parking
brake mechanisms 102L and 102R.
[0072] The left and right electric brake mechanisms
101L and 101R independently apply braking forces to
left and right wheels 5 and 5 (see Fig. 9) of a vehicle,
respectively in response to an operation of a brake pedal
104, which is a brake operation portion 104. Note that
the brake operation portion 104 is not limited to a pedal,
but may alternatively be a button, a lever, or the like, as
long as it is a means for an operator to give an instruction
to apply a brake. The left and right electric brake mech-
anisms 101L and 101R are configured to be symmetrical
or to have the same structure, and the left and right park-
ing brake mechanisms 102L and 102R are also config-
ured to be symmetrical or to have the same structure.
Note that an alteration, modification or the like which is
required to install them on the vehicle, for example, is
permitted. The parking brake mechanisms 102L and
102R are fitted on the vehicle such that each one 102L
(102R) of the parking brake mechanisms 102L and 102R
is associated with corresponding one 101L (101R) of the
electric brake mechanisms 101L and 101R. The left and
right electric brake mechanisms 101L and 101R are pro-
vided for both the front and rear wheels, whereas the left
and right parking brake mechanisms 102L and 102R are
provided for either the rear wheels or the front wheels of
the vehicle. Note that the left and right parking brake
mechanisms 102L and 102R may alternatively be pro-
vided for both the front and rear wheels.
[0073] Each of the electric brake mechanisms 101L
and 101R includes an electric motor 106, a speed reduc-
tion mechanism 107 for reducing the speed of rotation
of the electric motor 106, a linear motion mechanism 108,
a brake rotor 109, and a friction pad 110. The electric
motor 106, the speed reduction mechanism 107, and the
linear motion mechanism 108 are incorporated in a hous-
ing (not shown) or the like, for example.
[0074] The speed reduction mechanism 107 transmits
the rotation of the electric motor 106 to a third gear 112
fixed to a rotating shaft 111 with reduced speed, and
includes a first gear 113, an intermediate gear 114, and
the third gear 112. The speed reduction mechanism 107
according to this embodiment is configured to be capable

of transmitting rotation of the first gear 113 which is fitted
to a rotor shaft 106a of the electric motor 106, to the third
gear 112 which is fixed to an end portion of the rotating
shaft 111, with reduced speed via the intermediate gear
114 which has a two-stage configuration having integrat-
ed two gears with different numbers of teeth.
[0075] The linear motion mechanism 108 converts a
rotational motion outputted from the speed reduction
mechanism 107 into a linear motion of a linearly moving
portion 115, which is substantially cylindrical or columnar
in shape, through a feed screw mechanism, to bring the
friction pad 110 into or out of contact with the brake rotor
109. The linearly moving portion 115 is supported so as
to be movable in an axial direction indicated by arrow A1
while being prevented from rotating. The friction pad 110
is disposed at an end of the linearly moving portion 115
on the outboard side (i.e., on the left or right side, with
respect to the longitudinal center line, of the vehicle). As
a result of the rotation of the electric motor 106 being
transmitted to the linear motion mechanism 108 through
the speed reduction mechanism 107, the rotational mo-
tion is converted into the linear motion, and the linear
motion is converted into a pressing force for the friction
pad 110 to cause a braking force.
[0076] The parking brake mechanism 102L (102R) is
configured to be capable of switching between a parking
lock state, in which the parking brake mechanism 102L
(102R) prevents the braking force by the electric brake
mechanism 101L (101R) from being released, and an
unlocked state, in which the parking brake mechanism
102L (102R) permits the braking force to be released.
The parking brake mechanism 102L (102R) includes a
locking member 116 and an actuator 117 that drives the
locking member 116 to switch the state thereof.
[0077] Fig. 7A is a schematic diagram illustrating a
main part of the parking brake mechanism in a plan view,
and Fig. 7B is an enlarged sectional view illustrating a
section of one of engagement holes 118 illustrated in Fig.
7A taken along a circumferential direction when viewed
from the outboard side. As illustrated in Fig. 7A, in an
outboard-side end surface of the intermediate gear 114,
a plurality of (six, in this embodiment) engagement holes
118 are formed at regular intervals in the circumferential
direction. Each engagement hole 118 is formed in the
shape of an oblong hole elongated in the circumferential
direction. As illustrated in Fig. 7B, the locking member
116 is configured to be engaged with one of the engage-
ment holes 118. Each engagement hole 118 includes a
bottomed cylindrical hole portion 118a having a flat bot-
tom, and a slanting hole portion 118b joined to the bot-
tomed cylindrical hole portion 118a. In section as Fig.
7B, the slanting hole portion 118b is shaped so as to slant
to come closer to the outboard side thereof with increas-
ing circumferential distance from a joint between the
slanting hole portion 118b and the bottomed cylindrical
hole portion 118a.
[0078] A linear solenoid, for example, is adopted as
the actuator 117. The actuator 117 is configured to cause
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the locking member (a solenoid pin) 116 to advance out
of the actuator 117 to be fitted into the bottomed cylin-
drical hole portion 118a of the engagement hole 118
formed in the intermediate gear 114 thereby to accom-
plish engagement of the locking member 116 with the
engagement hole 118, so that rotation of the intermediate
gear 114 is restrained, resulting in the parking lock state.
A portion of the locking member 116 or the entire locking
member 116 is caused to recede into the actuator 117
thereby to cause a disengagement thereof from the en-
gagement hole 118, so that the rotation of the interme-
diate gear 114 is permitted, resulting in the unlocked
state.
[0079] The parking brake mechanism causes the elec-
tric brake mechanism 101L (101R) (see Fig. 6) to gen-
erate a pressing force greater than a required pressing
force derived from a braking force necessary to stop the
vehicle, and then actuates the actuator 117 to cause the
locking member 116 to advance out of the actuator 117
as described above. However, at this time, the locking
member 116 may not always come into engagement with
any one of the engagement holes 118 formed in the in-
termediate gear 114. But, even if the locking member
116 does not come into engagement with the bottomed
cylindrical hole portion 118a of any engagement hole
118, the locking member 116 will be fitted into and en-
gaged with one of the engagement holes 118 in a manner
described below.
[0080] Fig. 8A is a schematic diagram illustrating a
non-parking state lock which is in an off state of this elec-
tric brake device, whereas Fig. 8B is a schematic diagram
illustrating the parking lock state of the electric brake de-
vice. Suppose that, from the state illustrated in Fig. 8A,
the actuator 117 is actuated to cause the locking member
116 to advance and make contact with the intermediate
gear 114, and the rotation of the electric motor 106 is
thereafter stopped. Then, the friction pad 110 is pushed
back by a reaction force from the brake rotor 109, and
the linearly moving portion 115 of the linear motion mech-
anism 108 is pushed back to the inboard side.
[0081] This reaction force causes each of the gears
112, 114, and 113 to rotate in such a direction as to re-
duce the pressing force. Even if the locking member 116
is caused to advance at a phase, i.e., at a circumferential
position in the intermediate gear 114, at which the locking
member 116 encounters no engagement hole 118, or at
which any slanting hole portion 118b confronts thereto,
the gear 114 rotates in the aforementioned pressure-re-
ducing direction, and a tip or end portion of the locking
member 116 slides along one of the slanting hole portions
118b (see Fig. 7B) while being pushed back, whereby
the position of the locking member 116 and the position
(phase) of the bottomed cylindrical hole portion 118a (see
Fig. 7B) of one of the engagement holes 118 coincide
eventually (see Fig. 8B). Even if the intermediate gear
114 attempts to rotate further in the aforementioned pres-
sure-reducing direction, a side surface of the locking
member 116 is pressed against one circumferential end

118aa of the bottomed cylindrical hole portion 118a as
illustrated in Figs. 7A and 7B, so that further rotation of
the intermediate gear 114 is prevented.
[0082] As described above, the rotation of the interme-
diate gear 114 caused by pushing back the linearly mov-
ing portion 115 due to the reaction force causes the po-
sition of the locking member 116 and the phase (position)
of the engagement hole 118 to meet, and causes the
locking member 116 to be pressed against the one cir-
cumferential end 118aa of the bottomed cylindrical hole
portion 118a to be engaged therewith, so that the nec-
essary pressing force is prevented from being reduced.
[0083] Fig. 9 is a block diagram of a control system for
explaining a normal service brake operation and so on
of this electric brake device. As illustrated in Figs. 6 and
9, the control device 103 of this electric brake device
includes basic control section 103a. The control device
103 is formed by a computer including a processor, a
read-only memory (ROM) having a program to be exe-
cuted by the processor, a random-access memory
(RAM), and another electronic circuit, such as a co-proc-
essor. In response to an operation of the brake operation
portion 104 by the driver, the basic control section 103a
causes the electric motor 106 corresponding to each of
the left and right electric brake mechanisms 101L and
101R to operate to cause the friction pad 110 to be
pressed against the brake rotor 109 thereby to apply the
braking force.
[0084] Fig. 10 is a block diagram of the control system
of this electric brake device, in which the brake operation
portion 104 and the basic control section 103a shown in
Fig. 9 are not shown for simpler illustration. As illustrated
in Fig. 10, the control device 103 of this electric brake
device includes a parking brake actuation determiner 119
and left and right brake pressure generators 120L and
120R.
[0085] The parking brake actuation determiner 119 ad-
justs the timing at which each of the parking brake mech-
anisms 102L and 102R is actuated to shift the state of
the corresponding parking brake mechanism 102L or
102R from the unlocked state to the parking lock state,
that is, adjusts a series of operations to be performed
until the operation of each of the parking brake mecha-
nisms 102L and 102R is completed. Operating the park-
ing brake represents 1) generating a braking force, and
2) keeping the braking force and preventing the braking
force from being released even if left uncontrolled. Ac-
cordingly, the "series of operations" mentioned above
includes generating the braking force (i.e., increasing the
pressing force), and keeping the generation of the press-
ing force (i.e., causing a mechanism for preventing a re-
verse rotation to function).
[0086] As illustrated in Figs. 6 and 10, when the driver
desires to actuate the parking brake mechanisms 102L
and 102R, the driver operates the parking brake request
switch 121 provided on a console panel or the like of the
vehicle, for example. A parking brake actuation request
generated as a result is inputted to the parking brake
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actuation determiner 119. In response to the input of the
parking brake actuation request, the parking brake actu-
ation determiner 119 according to this embodiment gen-
erates signals of left and right brake pressure request for
the left and right brake pressure generators 120L and
120R, respectively. In response to left and right brake
pressure requests, the left and right brake pressure gen-
erators 120L and 120R output left and right brake pres-
sure commands, respectively. Each of the left and right
brake pressure commands is replaced with a set pressing
force. The left and right brake pressure commands are
inputted to the left and right electric brake mechanisms
101L and 101R, respectively.
[0087] In accordance with the respective left and right
brake pressure commands, the left and right electric
brake mechanisms 101L and 101R drive the respective
electric motors 106 to generate the pressing forces of
the corresponding friction pads 110. The parking brake
actuation determiner 119 detects feedback values of the
left and right pressing forces. For example, the relation-
ship between the pressing force and the electric current
in the electric motor 106 is recorded beforehand in rela-
tionship setting portion (not shown). An electric current
sensor Sa that detects the electric current in the electric
motor 106 may be provided, and then, the parking brake
actuation determiner 119 is able to compute the feedback
value of each of the left and right pressing forces, for
example, by applying the electric current detected by the
electric current sensor Sa to the relationship setting por-
tion, which is a predetermined comparison function, a
transform function, and/or the like in a library or which is
a lookup table (LUT).
[0088] Note that a load sensor (not shown) formed by
a strain sensor or the like which detects the reaction force
from the brake rotor 109 may alternatively be provided
in each of the electric brake mechanisms 101L and 101R,
and the parking brake actuation determiner 119 may be
configured to obtain the feedback value by detecting the
value detected by each load sensor, which is in direct
proportion to the pressing force.
[0089] The parking brake actuation determiner 119
compares the feedback value of each of the left and right
pressing forces with a previously set pressing force (re-
ferred to as a pressing force threshold value) required
when applying the parking brake. If the parking brake
actuation determiner 119 determines that the feedback
values of both the left and right pressing forces have ex-
ceeded the pressing force threshold value, the parking
brake actuation determiner 119 generates a parking
brake actuation command for each of the left and right
parking brake mechanisms 102L and 102R. In this case,
for example, a process of reconfiguring the control flow
of the control device 103 may be performed to reduce
the uncomfortable feeling and annoyance due to the op-
erating noise so that the structure or arrangement of the
electric motor or the speed reduction mechanism is not
restricted as in related art. This leads to an improvement
in versatility of the electric brake device.

[0090] Fig. 11 is a flowchart illustrating a procedure in
which the control device of the electric brake device
makes the left and right brake pressure requests simul-
taneously, and the left and right parking brake mecha-
nisms are actuated simultaneously or one after the other
in succession. In the case where the left and right brake
pressure requests have been made simultaneously, the
left and right parking brake mechanisms may be actuated
simultaneously or one after the other in succession, as
described below. The following description will be pro-
vided with appropriate reference made to Figs. 6 and 10
as well.
[0091] The left and right brake pressure requests are
signals inputted from the parking brake actuation deter-
miner 119 to the left and right brake pressure generators
120L and 120R, respectively. In response to the input of
the left and right brake pressure requests, the left and
right brake pressure generators 120L and 120R output
the brake pressure commands to the left and right electric
brake mechanisms 101L and 101R, to cause the set
pressing forces to be generated, respectively.
[0092] Note that it is assumed in the control flow that
an operation of the brake pedal is not performed, and
only processes of the parking brake mechanisms 102L
and 102R will be described. In the example described
below, descriptions of a determination as to malfunction-
ing of the parking brake, a process related to a time limit
at a waiting time for condition meeting, and so on are
omitted, and it is assumed that such determination and
process are appropriately performed as necessary. For
the sake of description, it is assumed in the following
description that the right parking brake mechanism 102R
is actuated before the left parking brake mechanism 102L
in the case where the left and right parking brake mech-
anisms 102L and 102R are actuated one after the other,
but it is to be noted that either one of the left and right
parking brake mechanisms 102L and 102R may be ac-
tuated first.
[0093] The present procedure is started when the park-
ing brake request switch 121 has been operated
(START), and in response to the input of the parking
brake actuation request, the parking brake actuation de-
terminer 119 generates each of the left and right brake
pressure requests (step S1). In response to the left and
right brake pressure requests, the left and right brake
pressure generators 120L and 120R replace the left and
right brake pressure commands, which are to be output-
ted, from a zero pressure command (i.e., a pressure com-
mand indicating a zero pressure) to a previously set pres-
sure command required when applying the parking
brake. The left and right brake pressure commands are
inputted to the left and right electric brake mechanisms
101L and 101R, respectively.
[0094] The left and right electric brake mechanisms
101L and 101R generate the pressing forces in accord-
ance with the left and right brake pressure commands,
respectively. The left and right pressing forces are out-
putted from the left and right electric brake mechanisms
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101L and 101R as left and right pressure feedback val-
ues, respectively. The parking brake actuation determin-
er 119 obtains the left and right pressure feedback values
by, for example, applying the electric current detected by
the electric current sensors Sa to the relationship setting
portion (step S2). Next, the parking brake actuation de-
terminer 119 compares each of the left and right pressure
feedback values with the pressing force threshold value
(step S3).
[0095] If the parking brake actuation determiner 119
determines that the feedback values of both the left and
right pressing forces have exceeded the pressing force
threshold value (step S3: yes), the parking brake actua-
tion determiner 119 generates the parking brake actua-
tion commands for the left and right parking brake mech-
anisms 102L and 102R at respective predetermined tim-
ings (step S4). The predetermined timings are, for exam-
ple, timings of command generation which are deter-
mined by a test result to be able to reduce the sound
pressure level perceived by the occupant of the vehicle,
thus reducing the uncomfortable feeling and annoyance
caused to the occupant. Specifically, the predetermined
timings are timings at which the left and right parking
brake mechanisms 102L and 102R are actuated simul-
taneously, or timings at which the left and right parking
brake mechanisms 102L and 102R are actuated one af-
ter the other in succession. The present procedure is
thereafter finished.
[0096] If the parking brake actuation determiner 119
determines at step S3 that the feedback value of at least
one of the left and right pressing forces does not exceed
the pressing force threshold value (step S3: no), the pro-
cedure goes back to step S2, and the parking brake ac-
tuation determiner 119 calculates the feedback values
of the left and right pressing forces again, and waits for
both the feedback values to exceed the pressing force
threshold value. At step S3, although a description of a
process (such as error handling) has been assumed to
be omitted as mentioned above, error handling or the like
may be additionally performed as necessary when the
condition is not satisfied within a predetermined time. In
the case where the left and right parking brake actuation
commands are to be generated simultaneously for both
the left and the right at step S4, the parking brake actu-
ation commands are generated for the left and right park-
ing brake mechanisms 102L and 102R when step S4 is
performed.
[0097] Fig. 12 illustrates a procedure in the case where
the parking brake actuation commands are to be gener-
ated for the left and the right one after the other in suc-
cession at step S4. After the present procedure is started,
the parking brake actuation determiner 119 first gener-
ates the parking brake actuation command for the right
parking brake mechanism 102R (step S4-1). Next, the
parking brake actuation determiner 119 waits for a set
time to accomplish the timing to reduce the uncomforta-
ble feeling and annoyance (step S4-2).
[0098] This set time is, for example, set on the basis

of a result of an experiment, a simulation, or the like.
Finally, the parking brake actuation determiner 119 gen-
erates the parking brake actuation command for the left
parking brake mechanism 102L (step S4-3). The present
procedure is thereafter finished (END). The other steps
S1 to S3 omitted in Fig. 12 remain the same as in Fig.
11. With respect to examples described below as well,
in which descriptions of steps S1 to S3 are omitted, the
steps S1 to S3 remain the same as in Fig. 11.
[0099] In addition to the determination as mentioned
above, in order to check whether the locking member
116 of each of the parking brake mechanisms 102L and
102R has been engaged with any engagement hole 118,
the parking brake actuation determiner 119 may use a
parking brake operation completion signal for a condition
for proceeding to the next control step. The parking brake
operation completion signal is, for example, a signal
based on the fact that one or both of the electric motor
106 and the actuator 117 have operated to a required
extent.
[0100] In the case where this determination is added,
step S4 in Fig. 11 is replaced with steps S4-4 to S4-6 in
Fig. 13. Specifically, as illustrated in Fig. 13, the parking
brake actuation determiner 119 generates the parking
brake actuation command first for the right parking brake
mechanism 102R (step S4-4), and waits for a detection
of the parking brake operation completion signal of the
right parking brake mechanism 102R (step S4-5). If the
parking brake actuation determiner 119 detects the park-
ing brake operation completion signal (step S4-5: yes),
the parking brake actuation determiner 119 generates
the parking brake actuation command for the remaining
left parking brake mechanism 102L (step S4-6).
[0101] Next, a procedure in which the control device
103 gradually increases the left and right brake pressing
forces will now be described below with reference to a
flowchart of Fig. 14. In response to receipt of the parking
brake actuation request, the parking brake actuation de-
terminer 119 generates the right brake pressure request
(step S5). In response to the right brake pressure request,
the right brake pressure generator 120R replaces the
right brake pressure command from the zero pressure
command to the previously set pressure command re-
quired when applying the parking brake.
[0102] The right brake pressure command is inputted
to the right electric brake mechanism 101R, and the right
electric brake mechanism 101R generates the pressing
force in accordance with the right brake pressure com-
mand. The pressing force at this time is outputted as the
right pressure feedback value, and the parking brake ac-
tuation determiner 119 detects the right pressure feed-
back value (step S6). Next, the parking brake actuation
determiner 119 compares the right pressure feedback
value with the pressing force threshold value (step S7).
[0103] If it is determined that the right pressure feed-
back value is equal to or less than the pressing force
threshold value (step S7: no), the procedure goes back
to step S6. If the parking brake actuation determiner 119
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recognizes that the right pressure feedback value has
exceeded the pressing force threshold value (step S7:
yes), the parking brake actuation determiner 119 gener-
ates the left brake pressure request (step S8). In re-
sponse to the left brake pressure request, the left brake
pressure generator 120L replaces the left brake pressure
command from the zero pressure command to the pre-
viously set pressure command required when applying
the parking brake.
[0104] As a result, the left electric brake mechanism
101L generates the pressing force in accordance with
the left brake pressure command. The parking brake ac-
tuation determiner 119 detects the left pressure feedback
value outputted from the left electric brake mechanism
101L (step S9). Next, the parking brake actuation deter-
miner 119 compares the left pressure feedback value
with the pressing force threshold value (step S10). If it is
determined that the left pressure feedback value is equal
to or less than the pressing force threshold value (step
S10: no), the procedure goes back to step S9.
[0105] If the parking brake actuation determiner 119
recognizes that the left pressure feedback value has ex-
ceeded the pressing force threshold value (step S10:
yes), the parking brake actuation determiner 119 gener-
ates the parking brake actuation commands for the left
and right parking brake mechanisms 102L and 102R at
the predetermined timings (step S11). The timings at
which the left and right parking brake actuation com-
mands are generated at this time are timings of command
generation which are able to reduce the uncomfortable
feeling and annoyance as described above. The present
procedure is thereafter finished (END).
[0106] In the case where the left and right parking brake
actuation commands are to be generated simultaneously
at step S11, the parking brake actuation determiner 119
generates the parking brake actuation commands for the
left and right parking brake mechanisms 102L and 102R
when step S11 is performed, as when step S4 is per-
formed. In the case where the left and right parking brake
actuation commands are to be generated one after the
other in succession, steps S4-1 to S4-3 illustrated in Fig.
12 are similarly performed at step S11. In the case where
the determination as to whether the locking member 116
of each of the parking brake mechanisms 102L and 102R
has been engaged with any engagement hole 118 using
the parking brake operation completion signal is added,
step S11 is replaced with steps S4-4 to S4-6 in Fig. 13.
[0107] Other than the division and order of the exem-
plary series of operations described above, some com-
binations are conceivable, for example, a method of ar-
ranging the operations in the order of 1) generating the
right brake pressing force, 2) actuating the right parking
brake, 3) generating the left brake pressing force, and 4)
actuating the left parking brake, or, in the case where
operating noise occurs at the beginning of an increase
in the pressing force, a method of arranging the opera-
tions in the order of 1) generating the right brake pressing
force, 2) waiting for a predetermined time, 3) generating

the left brake pressing force, and 4) comparing each of
the left and right pressing forces with the pressing force
threshold value. Even in the case where the order and
timings of the operations required as a result of a sensory
evaluation are different from those exemplified above,
the control blocks illustrated in Fig. 10 can be used to
accomplish the required operations with a simple rear-
rangement of the control flow. This simple rearrangement
means rearranging the order in which the steps are per-
formed so that the steps will be performed in a required
order, without changing the content of the process within
each step.
[0108] Example modifications of the third embodiment
will now be described below. In the following description,
components or features that have their equivalents in the
preceding embodiments described above will be denoted
by the same reference numerals as those of their equiv-
alents, and redundant description will be omitted. When
only a part of such a component or feature is described,
the remaining part of the component or feature should
be understood to remain the same as in the preceding
embodiments unless otherwise noted. Like components
or features produce like advantageous effects. Compo-
nents or features described specifically in different em-
bodiments may be combined, and different embodiments
may be partially combined as long as no conflict arises
from the combination.
[0109] Fig. 15 is a block diagram of a control system
of an electric brake device according to a modification of
the third embodiment. A control device 103A of this elec-
tric brake device includes a parking brake actuation de-
terminer 119 and left and right electric brake and parking
brake control devices 122L and 122R. The electric brake
and parking brake control devices 122L and 122R are
provided with brake pressure generators 120L and 120R,
respectively, and the parking brake actuation determiner
119 is provided outside of these electric brake and park-
ing brake control devices 122L and 122R.
[0110] In the third embodiment, the case where the
parking brake actuation determiner 119 is inside the elec-
tric brake and parking brake control device has been as-
sumed. In the case where two electric brake devices, i.e.,
the left and right electric brake devices, are configured
to be controlled by a single electric brake and parking
brake control device, the parking brake actuation deter-
miner 119 may be either inside or outside the electric
brake and parking brake control device, and there is no
necessity for the parking brake actuation determiner 119
to be either inside or outside the electric brake and park-
ing brake control device.
[0111] However, in the case of Fig. 15, in which each
electric brake and parking brake control device 122L
(122R) is configured to control one electric brake device,
it is preferable that the parking brake actuation determin-
er 119 be provided outside of the electric brake and park-
ing brake control devices 122L and 122R. This is because
a component that monitors the states of the left and right
(i.e., two) electric brake mechanisms 101L and 101R and
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the left and right (i.e., two) parking brake mechanisms
102L and 102R simultaneously is necessary, and pro-
viding the parking brake actuation determiner 119 out-
side of the electric brake and parking brake control de-
vices 122L and 122R allows a simpler configuration and
greater practicality for centralized control over actuation
timings.
[0112] In the case where the parking brake actuation
determiner 119 is provided inside any electric brake and
parking brake control device, one of the left and right
electric brake and parking brake control devices needs
to be configured to monitor both of the state simultane-
ously as described above, or the left and right electric
brake and parking brake control devices need to be con-
figured to communicate with each other and monitor the
pressure feedback values therebetween to adjust each
actuation timing therebetween, or one of the left and right
electric brake and parking brake control devices needs
to have the right of priority, as typified by a master-slave
relation, and monitor the pressure feedback values
through communication to determine each actuation tim-
ing. Adoption of such a configuration results in compli-
cated control and configuration, and is not advantageous
from the viewpoint of reducing an uncomfortable feeling
and annoyance caused by operating noise.
[0113] Even in the case where the parking brake ac-
tuation determiner 119 is provided outside of the electric
brake and parking brake control devices 122L and 122R,
the control flow can exercise control still in a manner as
described above. As illustrated in Fig. 15, pieces of in-
formation such as the parking brake actuation commands
and the feedback values of the pressing forces are ex-
changed between the parking brake actuation determin-
er 119 and the parking brake mechanisms 102L and
102R and the electric brake mechanisms 101L and 101R
through the electric brake and parking brake control de-
vices 122L and 122R.
[0114] A practical method to realize the above is to
connect each of the electric brake and parking brake con-
trol devices 122L and 122R with a higher-level integrated
controller (not shown) of the vehicle and the parking
brake actuation determiner 119 via intercommunication
means, such as CAN bus communication, to allow nec-
essary pieces of information to be transmitted and re-
ceived collectively. Thus, an increase in the number of
pieces of information does not lead to an addition of a
signal line.
[0115] The parking brake actuation commands and the
feedback values of the pressing forces may be ex-
changed directly between the parking brake actuation
determiner 119 and the electric brake mechanisms 101L
and 101R and the parking brake mechanisms 102L and
102R without intervention of the electric brake and park-
ing brake control devices 122L and 122R. However, in
the case where the feedback value of the pressing force
is required when the electric brake is controlled, and in
the case where collective transmission and reception of
necessary pieces of information are possible, exchang-

ing of the signals without the intervention of the electric
brake and parking brake control devices 122L and 122R
is probably inefficient.
[0116] In the foregoing description, it has been as-
sumed that there is not a brake pedal pressure request
inputted through the brake pedal 104, to avoid confusion
in description. However, the parking brake mechanisms
102L and 102R and the electric brake mechanisms 101L
and 101R, which are to be controlled, are required to
operate without causing a logical inconsistency for both
the operations of the parking brake mechanisms 102L
and 102R and the inputted pressure request through the
brake pedal. Accordingly, it is desirable to add a pressure
command adder 123 as illustrated in Fig. 16 to the con-
figuration described above.
[0117] Fig. 16 illustrates another modification of the
third embodiment, in which an electric brake and parking
brake control device includes a parking brake actuation
determiner 119, a brake pressure generator 120 (for a
right brake in the example of Fig. 16), a brake pedal pres-
sure command generator 124, and the pressure com-
mand adder 123. The brake pedal pressure command
generator 124 generates a brake pedal pressure com-
mand on the basis of the brake pedal pressure request
inputted through the brake pedal 104. The brake pedal
pressure command is inputted to the pressure command
adder 123.
[0118] In response to receipt of a parking brake actu-
ation request, the parking brake actuation determiner 119
generates a brake pressure request (for the right brake
in the example of Fig. 16) at a predetermined timing. The
brake pressure generator 120 inputs a required pressure
command (referred to as a parking brake pressure com-
mand) into the pressure command adder 123. The pres-
sure command adder 123 adds the above-mentioned two
pressure commands together, and outputs the result as
a total pressure command.
[0119] In the configuration of Fig. 16, the pressure
command adder 123 may be replaced with a pressure
command selector. The pressure command selector can
take the place of the pressure command adder 123, and
is configured to select the greater one of the two inputted
pressure commands, and output the greater pressure
command as the total pressure command. In the case
where the pressure command adder 123 is used, and
even in the case where the vehicle is likely to undesirably
roll backward on an incline, for example, when the park-
ing brake mechanisms have been used, pressing the
brake pedal will immediately increase the braking force
and can prevent the vehicle from rolling backward. How-
ever, in the case where a high pressing force is generated
at the time of the parking brake, a brake locking may
result with a high probability.
[0120] In the case where the pressure command se-
lector is used, and in the case where a high pressing
force is generated at the time of the parking brake, the
pressure does not change until a pedal travel that gen-
erates a command value that exceeds a command value
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thereof is reached, and a reaction to the rolling backward
of the vehicle may be delayed. However, the relationship
between the pedal travel and the pressing force remains
the same as that at the time of normal driving, the likeli-
hood of a brake locking can be reduced to a low level.
[0121] The foregoing description is based on the view-
point that noise that is made when the pressing force is
increased, noise that is made when the locking member
of the parking brake mechanism is brought into engage-
ment with any engagement hole, and the like are exam-
ples of operating noises that cause the uncomfortable
feeling, and that timings at which the aforementioned two
types of noise are generated should both be managed.
However, in the case where such noise is small enough
to eliminate the need to manage the timing of the gener-
ation thereof, one or more of the control blocks may be
omitted as necessary. Fig. 17 illustrates a specific con-
figuration according to yet another modification of the
third embodiment. This control flow has been configured
on the basis of the viewpoint that it is not necessary to
manage the timing of the generation of the noise that is
made when the pressing force is increased.
[0122] The control flow is substantially equivalent to
that of Fig. 11. Signal flow is changed in relation to a
brake pressure generator 120. Once a driver presses a
parking brake request switch 121, a parking brake actu-
ation request is directly inputted to the brake pressure
generator 120, and both left and right parking brake pres-
sure commands are immediately replaced from a zero
pressure command to a previously set pressure com-
mand required when applying a parking brake respec-
tively. The processes subsequent to step S1 of Fig. 11
remain substantially the same as when the control flow
of Fig. 11 is performed using the control blocks of Fig. 10.
[0123] From the viewpoint of determining the timing of
command generation that reduces the uncomfortable
feeling and annoyance, it is conceivable to determine the
timing of a command to actuate the parking brake taking
into consideration any operating noise that is caused by
another mechanism that is actuated when the parking
brake is actuated. A specific example of such other mech-
anisms is a door lock or the like. In the case where the
parking brake is actuated when an occupant is in the
vehicle, a released door lock will be convenient for the
occupant.
[0124] In the case where the door lock is accordingly
configured to be released when the parking brake is ac-
tuated, operating noise is generated when the door lock
is released, and therefore, the timing of command gen-
eration may be adjusted so that the operating noise due
to the actuation of the parking brake will occur simulta-
neously therewith. Even in this case, the uncomfortable
feeling and annoyance due to the actuation of the parking
brake can be reduced.
[0125] Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings
which are used only for the purpose of illustration, those

skilled in the art will readily conceive numerous changes
and modifications within the scope of the present inven-
tion as defined by the appended claims.

[Reference Numerals]

[0126]

1L, 1R left and right parking brake mechanism
2 control device
5 wheel
12 parking brake actuation determiner
14 set time observer
15 actuation command suspending section
16 operation completion signal monitor
17 actuation command sequential input sec-

tion
101L, 101R electric brake mechanism
102L, 102R parking brake mechanism
103 control device
104 brake operation portion
106 electric motor
107 speed reduction mechanism
108 linear motion mechanism
109 brake rotor
110 friction pad
116 locking member
117 actuator
118 engagement hole
119 parking brake actuation determiner
120L, 120R brake pressure generator

Claims

1. A brake device comprising: left and right parking
brake mechanisms (1L, 1R) configured to independ-
ently apply braking forces to left and right wheels (5)
of a vehicle, respectively, and hold the vehicle sta-
tionary; and a control device (2) configured to control
these parking brake mechanisms (1L, 1R),
the control device including a parking brake actua-
tion determiner (12) configured to adjust respective
timings at which the left and right parking brake
mechanisms (1L, 1R) are actuated so as to reduce
an uncomfortable feeling caused to an occupant of
the vehicle,
wherein the parking brake actuation determiner (12)
includes:

an operation completion signal monitor (16) con-
figured to input a parking brake actuation com-
mand into one of the left and right parking brake
mechanisms (1L, 1R), and perform monitoring
for an operation completion signal indicating a
completion of an operation of the one of the left
and right parking brake mechanisms (1L, 1R);
and

31 32 



EP 3 135 548 B1

18

5

10

15

20

25

30

35

40

45

50

55

an actuation command sequential input section
configured to input a parking brake actuation
command into the other of the left and right park-
ing brake mechanisms (1L, 1R) in response to
a detection of the operation completion signal
by the operation completion signal monitor (16).

2. The brake device as claimed in claim 1, wherein, in
response to input of a parking brake actuation re-
quest from a driver of the vehicle, the parking brake
actuation determiner (12) inputs a parking brake ac-
tuation command into each of the left and right park-
ing brake mechanisms (1L, 1R)on the basis of a set
timing to reduce the uncomfortable feeling caused
to the occupant of the vehicle, thereby to cause the
vehicle to enter into a parking lock state in which the
vehicle is held stationary.

3. The brake device as claimed in claim 1 or 2, further
comprising left and right electric brake mechanisms
(101L, 101R) configured to be capable of independ-
ently applying braking forces to the left and right
wheels (5), respectively, and to be operated by a
driver through a brake operation portion, wherein
each of the left and right parking brake mechanisms
(102L, 102R) is capable of independently switching
between a parking lock state, in which the parking
brake mechanism (102L, 102R) prevents the braking
force by a corresponding one of the left and right
electric brake mechanisms (101L, 101R) from being
released, and an unlocked state, in which the parking
brake mechanism (102L, 102R) permits the braking
force to be released,
the control device controls the left and right electric
brake mechanisms (101L, 101R) and the left and
right parking brake mechanisms (102L, 102R), and
the parking brake actuation determiner (119) adjusts
respective timings at which the left and right parking
brake mechanisms (102L, 102R) are actuated to
shift from the unlocked state to the parking lock state
so as to reduce the uncomfortable feeling caused to
the occupant of the vehicle.

4. The brake device as claimed in claim 3, wherein
each electric brake mechanism (101L, 101R) in-
cludes an electric motor (106), a brake rotor (109),
a friction pad (110) caused to make contact with the
brake rotor (109) to generate the braking force, a
speed reduction mechanism (107) configured to re-
duce a speed of rotation of the electric motor (106),
and a linear motion mechanism (108) configured to
convert a rotational motion outputted from the speed
reduction mechanism into a linear motion of the fric-
tion pad (110), and
each parking brake mechanism (102L, 102R) in-
cludes:

a locking member (116) to be engaged with an

engagement hole (118) defined in the speed re-
duction mechanism (107); and
an actuator (117) configured to drive the locking
member (116) so as to switch between the park-
ing lock state, in which the locking member (116)
is engaged with the engagement hole to restrict
the rotational motion of the speed reduction
mechanism (107), and the unlocked state, in
which the locking member (116) is out of en-
gagement with the engagement hole (118).

5. The brake device as claimed in claim 3, wherein the
control device includes left and right brake pressure
generators (120L, 120R) configured to output brake
pressure commands to the left and right electric
brake mechanisms (101L, 102L), respectively, to
cause the left and right electric brake mechanisms
(101L, 102L) to generate a set pressing force, in re-
sponse to input of a brake pressure request signal
from the parking brake actuation determiner (119).

6. The brake device as claimed in claim 5, wherein, in
response to input of a parking brake actuation re-
quest, the parking brake actuation determiner (119)
generates the brake pressure request signal for each
of the left and right brake pressure generators (120L,
120R) on the basis of a set timing.

7. The brake device as claimed in claim 5, wherein the
parking brake actuation determiner (119) monitors
a feedback value of a pressing force generated by
each electric brake mechanism (101L, 102L) after
outputting the brake pressure request signal for each
of the left and right brake pressure generators (120L,
120R), and, when the pressing force has exceeded
a threshold value, generates a parking brake actu-
ation command for each of the left and right parking
brake mechanisms (102L, 102R) on the basis of a
set timing to cause each of the left and right parking
brake mechanisms (102L, 102R) to enter into the
parking lock state.

8. The brake device as claimed in claim 5, wherein
after outputting the brake pressure request signal for
each of the left and right brake pressure generators
(120L, 120R), the parking brake actuation determin-
er (119) generates a parking brake actuation com-
mand for each of the left and right parking brake
mechanisms (102L, 102R) to cause each of the left
and right parking brake mechanisms (102L, 102R)
to enter into the parking lock state, in accordance
with a predetermined condition; and
the parking brake actuation determiner (119) outputs
the respective brake pressure request signals for the
left and right brake pressure generators (120L,
120R) and the respective parking brake actuation
commands for the left and right parking brake mech-
anisms (102L, 102R) on the basis of set timings.
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Patentansprüche

1. Eine Bremsvorrichtung, umfassend: linke und rechte
Feststellbremsmechanismen (1L, 1R), die zum un-
abhängigen Ausüben von Bremskräften auf linke
bzw. rechte Räder (5) eines Fahrzeugs und zum
ortsfesten Halten des Fahrzeugs konfiguriert sind;
und eine Steuervorrichtung (2), die zum Steuern die-
ser Feststellbremsmechanismen (1L, 1R) konfigu-
riert ist,
wobei die Steuervorrichtung eine Feststellbremsen-
betätigungs-Bestimmungsvorrichtung (12) enthält,
die zum Anpassen von jeweiligen Zeitpunkten, zu
denen die linken und rechten Feststellbremsmecha-
nismen (1L, 1R) betätigt werden, konfiguriert ist, um
ein unangenehmes Gefühl für einen Insassen des
Fahrzeugs zu vermindern,
wobei die Feststellbremsenbetätigungs-Bestim-
mungsvorrichtung (12) enthält:

einen Vorgangsabschlusssignalmonitor (16),
der zum Eingeben eines Feststellbremsenbetä-
tigungsbefehls in einen des linken und rechten
Feststellbremsmechanismus (1L, 1R) und Aus-
führen von Überwachung nach einem Vor-
gangsabschlusssignal konfiguriert ist, das einen
Abschluss eines Vorgangs des einen der linken
und rechten Feststellbremsmechanismen (1L,
1R) anzeigt; und
eine Betätigungsbefehlsequenzeingabesekti-
on, die zum Eingeben eines Feststellbremsen-
betätigungsbefehls in den anderen des linken
und rechten Feststellbremsmechanismus (1L,
1R) in Reaktion auf eine Erkennung des Vor-
gangsabschlusssignals durch den Vorgangsab-
schlusssignalmonitor (16) konfiguriert ist.

2. Die Bremsvorrichtung nach Anspruch 1, wobei, in
Reaktion auf Eingabe einer Feststellbremsenbetäti-
gungsanforderung von einem Fahrer des Fahr-
zeugs, die Feststellbremsenbetätigungs-Bestim-
mungsvorrichtung (12) einen Feststellbremsenbetä-
tigungsbefehl in jeden der linken und rechten Fest-
stellbremsmechanismen (1L, 1R) auf der Grundlage
eines eingestellten Zeitpunkts zum Vermindern des
unangenehmen Gefühls für den Insassen des Fahr-
zeugs eingibt, um dadurch zu bewirken, dass das
Fahrzeug in einen Parksperrzustand eintritt, in dem
das Fahrzeug ortsfest gehalten ist.

3. Die Bremsvorrichtung nach Anspruch 1 oder 2, fer-
ner umfassend linke und rechte Elektrobremsme-
chanismen (101L, 101R), die dazu konfiguriert sind,
zum unabhängigen Ausüben von Bremskräften auf
die linken bzw. rechten Räder (5) und zur Betätigung
durch einen Fahrer über einen Bremsbetriebsab-
schnitt imstande zu sein, wobei
jeder der linken und rechten Feststellbremsmecha-

nismen (102L, 102R) zum unabhängigen Umschal-
ten zwischen einem Parksperrzustand, in dem der
Feststellbremsmechanismus (102L, 102R) verhin-
dert, dass die Bremskraft durch einen entsprechen-
den der linken und rechten Elektrobremsmechanis-
men (101L, 101R) gelöst wird, und einem entsperr-
ten Zustand, in dem der Feststellbremsmechanis-
mus (102L, 102R) zulässt, dass die Bremskraft ge-
löst wird, imstande ist,
die Steuervorrichtung die linken und rechten Elek-
trobremsmechanismen (101L, 101R) und die linken
und rechten Feststellbremsmechanismen (102L,
102R) steuert, und
die Feststellbremsenbetätigungs-Bestimmungsvor-
richtung (119) jeweilige Zeitpunkte anpasst, zu de-
nen die linken und rechten Feststellbremsmechanis-
men (102L, 102R) zum Umstellen aus dem entsperr-
ten Zustand in den Parksperr zustand betätigt wer-
den, um das unangenehme Gefühl für den Insassen
des Fahrzeugs zu vermindern.

4. Die Bremsvorrichtung nach Anspruch 3, wobei
jeder Elektrobremsmechanismus (101L, 101R) ei-
nen Elektromotor (106), einen Bremsmotor (109), ei-
nen Bremsbelag (110), der dazu veranlasst wird,
Kontakt mit dem Bremsmotor (109) herzustellen, um
die Bremskraft zu erzeugen, einen Drehzahlreduk-
tionsmechanismus (107), der zum Reduzieren einer
Drehzahl des Elektromotors (106) konfiguriert ist,
und einen Linearbewegungsmechanismus (108)
enthält, der zum Umwandeln einer Drehbewegung,
die vom Drehzahlreduktionsmechanismus ausge-
geben wird, in eine lineare Bewegung des Brems-
belags (110) konfiguriert ist, und
wobei jeder Feststellbremsmechanismus (102L,
102R) enthält:

ein Sperrglied (116) zur Ineingriffnahme mit ei-
nem Eingriffsloch (118), das im Drehzahlreduk-
tionsmechanismus (107) definiert ist; und
eine Betätigungsvorrichtung (117), die zum An-
treiben des Sperrglieds (116) zum Umschalten
zwischen dem Parksperrzustand, in dem das
Sperrglied (116) mit dem Eingriffsloch zum Be-
schränken der Drehbewegung des Drehzahlre-
duktionsmechanismus (107) in Eingriff steht,
und dem entsperrten Zustand, in dem das Sperr-
glied (116) außer Eingriff mit dem Eingriffsloch
(118) ist, konfiguriert ist.

5. Die Bremsvorrichtung nach Anspruch 3, wobei die
Steuervorrichtung linke und rechte Bremsdruckge-
neratoren (120L, 120R) enthält, die zum Ausgeben
von Bremsdruckbefehlen an die linken bzw. rechten
Elektrobremsmechanismen (101L, 102L) zum Be-
wirken, dass die linken und rechten Elektrobrems-
mechanismen (101L, 102L) eine eingestellte Druck-
kraft erzeugen, in Reaktion auf Eingabe eines
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Bremsdruckanforderungssignals von der Feststell-
bremsenbetätigungs-Bestimmungsvorrichtung
(119) konfiguriert sind.

6. Die Bremsvorrichtung nach Anspruch 5, wobei, in
Reaktion auf Eingabe einer Feststellbremsenbetäti-
gungsanforderung, die Feststellbremsenbetäti-
gungs-Bestimmungsvorrichtung (119) das Brems-
druckanforderungssignal für jeden der linken und
rechten Bremsdruckgeneratoren (120L, 120R) auf
der Basis eines eingestellten Zeitpunkts erzeugt.

7. Die Bremsvorrichtung nach Anspruch 5, wobei die
Feststellbremsenbetätigungs-Bestimmungsvorrich-
tung (119) einen Rückmeldungswert einer Druck-
kraft überwacht, die durch jeden Elektrobremsme-
chanismus (101L, 102L) nach dem Ausgeben des
Bremsdruckanforderungssignals für jeden der lin-
ken und rechten Bremsdruckgeneratoren (120L,
120R) erzeugt wird, und, wenn die Druckkraft einen
Schwellenwert überstiegen hat, einen Feststell-
bremsbetätigungsbefehl für jeden der linken und
rechten Feststellbremsmechanismen (102L, 102R)
auf der Grundlage eines eingestellten Zeitpunkts er-
stellt, um zu bewirken, dass jeder der linken und
rechten Feststellbremsmechanismen (102L, 102R)
in den Parksperrzustand eintritt.

8. Die Bremsvorrichtung nach Anspruch 5, wobei,
nach dem Ausgeben des Bremsdruckanforderungs-
signals für jeden der linken und rechten Bremsdruck-
generatoren (120L, 120R), die Feststellbremsenbe-
tätigungs-Bestimmungsvorrichtung (119) einen
Feststellbremsenbetätigungsbefehl für jeden der lin-
ken und rechten Feststellbremsmechanismen
(102L, 102R) erstellt, um zu bewirken, dass jeder
der linken und rechten Feststellbremsmechanismen
(102L, 102R) in den Parksperrzustand eintreten, ge-
mäß einer vorbestimmten Bedingung; und
die Feststellbremsenbetätigungs-Bestimmungsvor-
richtung (119) die jeweiligen Bremsdruckanforde-
rungssignale für die linken und rechten Bremsdruck-
generatoren (120L, 120R) und die jeweiligen Fest-
stellbremsenbetätigungssignale für die linken und
rechten Feststellbremsmechanismen (102L, 102R)
auf der Basis von eingestellten Zeitpunkten ausgibt.

Revendications

1. Un dispositif de freinage comprenant : des mécanis-
mes de frein de stationnement gauche et droit (1L,
1R) configurés pour appliquer indépendamment des
forces de freinage aux roues gauche et droite (5)
d’un véhicule, respectivement, et maintenir le véhi-
cule immobile; et un dispositif de commande (2) con-
figuré pour commander ces mécanismes de frein de
stationnement (1L, 1R),

le dispositif de commande comprenant un dispositif
de détermination de l’actionnement du frein de sta-
tionnement (12) configuré pour ajuster les moments
respectifs auxquels les mécanismes de frein de sta-
tionnement gauche et droit (1L, 1R) sont actionnés
afin de réduire une sensation d’inconfort causée à
un occupant du véhicule,
dans lequel le déterminant de l’actionnement du frein
de stationnement (12) comprend :

un moniteur de signal de fin d’opération (16)
configuré pour entrer une commande d’action-
nement du frein de stationnement dans l’un des
mécanismes de frein de stationnement gauche
et droit (1L, 1R), et effectuer la surveillance d’un
signal de fin d’opération indiquant la fin d’une
opération de l’un des mécanismes de frein de
stationnement gauche et droit (1L, 1R); et
une section d’entrée séquentielle de commande
d’actionnement configurée pour entrer une com-
mande d’actionnement du frein de stationne-
ment dans l’autre des mécanismes de frein de
stationnement gauche et droit (1L, 1R) en ré-
ponse à une détection du signal de fin d’opéra-
tion par le moniteur de signal de fin d’opération
(16).

2. Le dispositif de freinage selon la revendication 1,
dans lequel, en réponse à l’entrée d’une demande
d’actionnement du frein de stationnement émanant
d’un conducteur du véhicule, le dispositif de déter-
mination de l’actionnement du frein de stationne-
ment (12) entre une commande d’actionnement du
frein de stationnement dans chacun des mécanis-
mes de frein de stationnement gauche et droit (1L,
1R) sur la base d’une temporisation déterminée pour
réduire la sensation d’inconfort causée à l’occupant
du véhicule, afin d’amener ainsi le véhicule à entrer
dans un état de verrouillage du stationnement dans
lequel le véhicule est maintenu immobile.

3. Le dispositif de freinage selon la revendication 1 ou
2, comprenant en outre des mécanismes de freinage
électrique gauche et droit (101L, 101R) configurés
pour être capables d’appliquer indépendamment
des forces de freinage aux roues gauche et droite
(5), respectivement, et pour être actionnés par un
conducteur par l’intermédiaire d’une partie d’action-
nement de frein, dans lequel
chacun des mécanismes de frein de stationnement
gauche et droit (102L, 102R) est capable de com-
muter indépendamment entre un état de verrouillage
de stationnement, dans lequel le mécanisme de frein
de stationnement (102L, 102R) empêche, par un
mécanisme correspondant des mécanismes de frein
électrique gauche et droit (101L, 101R), la force de
freinage d’être libérée, et un état déverrouillé, dans
lequel le mécanisme de frein de stationnement
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(102L, 102R) permet à la force de freinage d’être
libérée,
le dispositif de commande contrôle les mécanismes
de freinage électrique gauche et droit (101L, 101R)
et les mécanismes de freinage de stationnement
gauche et droit (102L, 102R), et
le dispositif de détermination de l’actionnement du
frein de stationnement (119) ajuste les moments res-
pectifs auxquels les mécanismes de frein de station-
nement gauche et droit (102L, 102R) sont actionnés
pour passer de l’état déverrouillé à l’état de ver-
rouillage du stationnement afin de réduire la sensa-
tion d’inconfort causée à l’occupant du véhicule.

4. Le dispositif de freinage selon la revendication 3,
dans lequel chaque mécanisme de freinage électri-
que (101L, 101R) comprend un moteur électrique
(106), un rotor de frein (109), une plaquette de friction
(110) mise en contact avec le rotor de frein (109)
pour générer la force de freinage, un mécanisme de
réduction de vitesse (107) configuré pour réduire une
vitesse de rotation du moteur électrique (106), et un
mécanisme de mouvement linéaire (108) configuré
pour convertir un mouvement de rotation produit par
le mécanisme de réduction de vitesse en un mou-
vement linéaire de la plaquette de friction (110); et
chaque mécanisme de frein de stationnement (102L,
102R) comprend :

un élément de verrouillage (116) devant être en-
gagé dans un trou d’engagement (118) défini
dans le mécanisme de réduction de la vitesse
(107); et
un actionneur (117) configuré pour entraîner
l’élément de verrouillage (116) de manière à
commuter entre l’état de verrouillage de station-
nement, dans lequel l’élément de verrouillage
(116) est engagé dans le trou d’engagement
pour limiter le mouvement de rotation du méca-
nisme de réduction de vitesse (107), et l’état dé-
verrouillé, dans lequel l’élément de verrouillage
(116) est hors d’engagement avec le trou d’en-
gagement (118).

5. Le dispositif de freinage selon la revendication 3,
dans lequel le dispositif de commande comprend
des générateurs de pression de freinage gauche et
droit (120L, 120R) configurés pour délivrer des com-
mandes de pression de freinage aux mécanismes
de freinage électrique gauche et droit (101L, 102L),
respectivement, pour amener les mécanismes de
freinage électrique gauche et droit (101L, 102L) à
générer une force de pression définie, en réponse à
l’entrée d’un signal de demande de pression de frei-
nage provenant du dispositif de détermination de
l’actionnement du frein de stationnement (119).

6. Le dispositif de freinage selon la revendication 5,

dans lequel, en réponse à l’entrée d’une demande
d’actionnement du frein de stationnement, le dispo-
sitif de détermination de l’actionnement du frein de
stationnement (119) génère le signal de demande
de pression de freinage pour chacun des généra-
teurs de pression de freinage gauche et droit (120L,
120R) sur la base d’une temporisation définie.

7. Le dispositif de freinage selon la revendication 5,
dans lequel le dispositif de détermination de l’action-
nement du frein de stationnement (119) surveille une
valeur de rétroaction d’une force de pression géné-
rée par chaque mécanisme de freinage électrique
(101L, 102L) après avoir émis le signal de demande
de pression de freinage pour chacun des généra-
teurs de pression de freinage gauche et droit (120L,
120R), et, lorsque la force de pression a dépassé
une valeur seuil, génère une commande d’actionne-
ment du frein de stationnement pour chacun des mé-
canismes de frein de stationnement gauche et droit
(102L, 102R) sur la base d’une temporisation définie
pour faire entrer chacun des mécanismes de frein
de stationnement gauche et droit (102L, 102R) dans
l’état de verrouillage de stationnement.

8. Le dispositif de freinage selon la revendication 5,
dans lequel
après avoir émis le signal de demande de pression
de frein pour chacun des générateurs de pression
de frein gauche et droit (120L, 120R), le dispositif de
détermination de l’actionnement du frein de station-
nement (119) génère une commande d’actionne-
ment du frein de stationnement pour chacun des mé-
canismes de frein de stationnement gauche et droit
(102L, 102R) afin d’amener chacun des mécanis-
mes de frein de stationnement gauche et droit (102L,
102R) à entrer en état de verrouillage de stationne-
ment, conformément à une condition prédéterminée;
et
le dispositif de détermination de l’actionnement du
frein de stationnement (119) émet les signaux de
demande de pression de freinage respectifs pour les
générateurs de pression de freinage gauche et droit
(120L, 120R) et les commandes d’actionnement du
frein de stationnement respectives pour les méca-
nismes de frein de stationnement gauche et droit
(102L, 102R) sur la base de temporisations définies.
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