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Description

[0001] The invention relates generally to a regenera-
tive braking coordination device that performs regener-
ative braking and hydraulic braking. Aspects of the in-
vention relate to to a device, to a method and to a vehicle.
[0002] It is known that when a high braking force is
required for rapid braking, both regenerative braking and
friction braking are performed in order to guarantee the
rapid braking response. The depression speed of the
brake pedal is detected, and the higher the detected de-
pression speed is, the smaller the proportion of the re-
generative braking force is provided. The stroke speed
(operating speed) of the brake pedal is detected from the
moment that the brake pedal is depressed. When the
operating speed becomes high enough, the friction brak-
ing proportion is increased. US 2006/049689 A1 dis-
closed a braking device for a motor vehicle having a sim-
ulation mechanism includes a solenoid valve that is
mounted in a pipe connected to a hydraulic fluid storage
chamber and controlled by the computer so as to allow
the brake fluid to flow toward the chamber when the sec-
ond brake circuit is active and when the driver presses
on the brake pedal. EP 0 771 705 A1 discloses a braking
pedal containing a foot plate over which a power is trans-
mitted to a mechanical component which is re-shaped
by the foot power and re-assumes its original form at a
removal of the foot power, to move the foot plate to its
starting position. DE 42 00 968 A1 discloses, arranged
in the force path between the master cylinder brake ped-
al, a force accumulator spring, as well as a locking ele-
ment to fix the pedal such that the locking element acts
on the pedal at the start of a traction control sequence.
The locking element is a piston coupled to the pedal and
it is released as soon as the accumulator spring takes
up a preset amount of energy.
[0003] It is an aim of the invention to improve upon
such known technology. Other aims and advantages of
the invention will become apparent from the following
description, claims and drawings.
[0004] Aspects of the invention therefore provide a de-
vice, a method and a vehicle as claimed in the appended
claims.
[0005] According to another aspect of the invention for
which protection is sought there is provided a regenera-
tive braking coordination device, comprising a braking
operating member configured to receive an input from a
driver, the input corresponding to an operation amount,
a braking force boosting device configured to generate
a hydraulic braking pressure corresponding to the oper-
ation amount, an input shaft configured to transmit the
operation amount to the braking force boosting device,
a hydraulic pressure braking device configured to gen-
erate a braking force using the hydraulic braking pressure
and an operation amount absorber configured to absorb
the operation amount, the operation amount absorber
including a cylinder, a piston dividing an interior of the
cylinder into a first hydraulic chamber and a second hy-

draulic chamber and an orifice connecting the first hy-
draulic chamber and the second hydraulic chamber.
[0006] The device may comprise a flow channel con-
necting the first hydraulic chamber and the second hy-
draulic chamber, wherein the orifice is in the flow channel.
[0007] In an embodiment, the orifice is in the piston.
[0008] The device may comprise an active booster
configured to control displacement of the input shaft and
an absorber on at least one side of the second hydraulic
chamber configured to absorb the displacement caused
by the active booster.
[0009] The device comprises an operation amount de-
tector configured to detect the operation amount and a
regenerative braking control part configured to generate
a braking force using a motor, the braking force corre-
sponding to the operation amount and a cutoff valve con-
figured to block the orifice when at least one of the op-
eration amount detector, the regenerative braking control
part and the motor fails.
[0010] In an embodiment, the orifice is configured to
have a first diameter when the operation amount is ab-
sorbed and a second diameter when the braking operat-
ing member is performing a return operation, the second
diameter being smaller than the first diameter.
[0011] The present invention will now be described, by
way of example only, with reference to the accompanying
drawings in which figs. 1-3,4A,4B, 5, 7-10,11A, 11B and
the corresponding description serve as background in-
formation only. In respect of these figures "embodiment"
is to be understood as "background information".

FIG. 1 is a diagram illustrating the assembly of the
regenerative braking coordination device in a first
embodiment;

FIG. 2 is a diagram illustrating the state of the regen-
erative braking coordination device during normal
braking in the first embodiment;

FIG. 3 is a diagram illustrating the state of regener-
ative braking coordination device during the rapid
braking in the first embodiment;

FIGS. 4A and 4B are graphs illustrating the hydraulic
braking force and the regenerative braking force cor-
responding to the operation amount and the opera-
tion speed in the first embodiment;

FIG. 5 is a time chart illustrating generation of the
braking force in the first embodiment;

FIG. 6 is a diagram illustrating the assembly of the
regenerative braking coordination device according
to the invention, which is hereinafter referred to as
"second embodiment".

FIG. 7 is a diagram illustrating the assembly of the
regenerative braking coordination device in a third
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embodiment;

FIG. 8 is a diagram illustrating the assembly of the
regenerative braking coordination device in a fourth
embodiment;

FIG. 9 is an enlarged view of the orifice in the fourth
embodiment; and

FIG. 10 is a diagram illustrating the assembly of the
regenerative braking coordination device in another
embodiment; and

FIGS. 11A and 11B are enlarged views of other em-
bodiments of an operation amount absorbing part in
the regenerative braking coordination device.

[0012] FIG. 1 is a diagram illustrating the assembly of
the regenerative braking coordination device 1 according
to a first embodiment. The regenerative braking coordi-
nation device 1 includes a regenerative braking part 2
that generates braking force by means of regenerative
braking by motor 21, a hydraulic braking part 3 and an
input shaft 6 that transmits the operation amount input
by a braking operating member, such as brake pedal 5,
toward the side of hydraulic braking part 3. An operation
amount absorbing part 4 absorbs the operation amount
transmitted by input shaft 6.
[0013] The regenerative braking part 2 includes an op-
eration amount sensor 22 that detects the operation
amount of brake pedal 5, regenerative braking control
part 20 that controls the regenerative braking force ac-
cording to the operation amount detected by operation
amount sensor 22, and a motor 21 that generates the
regenerative braking force according to control by the
regenerative braking control part 20. The regenerative
braking control part 20 is, for example, a standard micro-
computer including a central processing unit (CPU) op-
erating instructions stored in read-only memory (ROM)
programmed to perform the functions described herein.
Of course, the regenerative braking control part 20 is not
limited to this and could be application-specific (ASIC) or
hardware-implemented.
[0014] The hydraulic braking part 3 includes an active
booster 30, which generates an assisting force with re-
spect to the operation force input to brake pedal 5, and
at the same time, works as a hydraulic braking pressure
generating source in the case of automatic braking con-
trol. A master cylinder 31 generates the hydraulic braking
pressure, and wheel cylinders 32 generate the braking
forces for the various wheels by means of the hydraulic
braking pressure generated by master cylinder 31.
[0015] Corresponding to the operation amount trans-
mitted by the input shaft 6, the active booster 30 controls
the supply quantities of atmospheric pressure and vac-
uum pressure from the engine. The active booster 30
also makes use of the pressure differential between at-
mospheric pressure and vacuum pressure to generate

an assisting force with respect to the depression force
input to the brake pedal 5. Also, in the automatic braking
control mode, the active booster 30 controls the supply
quantities of atmospheric pressure and vacuum pressure
from the engine by means of an actuator, and it produces
the force acting on the master cylinder 31 by means of
the pressure differential between the atmospheric pres-
sure and the vacuum pressure. In the automatic braking
control mode, a displacement amount locked to the op-
eration of the active booster 30 is input to the input shaft 6.
[0016] The operation amount absorbing part 4 includes
a cylinder 40 with its interior filled with working fluid, a
piston 41 that divides the interior of cylinder 40 into the
first hydraulic chamber 40a and second hydraulic cham-
ber 40b, a hydraulic channel 42 that connects first hy-
draulic chamber 40a and second hydraulic chamber 40b,
and an orifice 43 arranged in the hydraulic channel 42.
The piston 41 is arranged such that the axial dimension
of the second hydraulic chamber 40b is distance (b) when
no operation force is input to the brake pedal 5. The dis-
tance (b) is selected according to the operation amount
of brake pedal 5 for performing braking only by means
of regenerative braking when brake pedal 5 is operated
slowly.
[0017] The input shaft 6 includes a first input shaft 60
that connects piston 41 and brake pedal 5, a second input
shaft 61 that connects active booster 30 and cylinder 40,
and clevis 62 engaged to clevis pin 50 formed on brake
pedal 5. Slot 63 is formed along the axial direction of
input shaft 6 in clevis 62, and the latter is engaged to
clevis pin 50 formed projecting from the side surface of
brake pedal 5. Because clevis pin 50 is engaged in slot
63, brake pedal 5 does not move when active booster 30
operates despite the fact that a displacement is applied
to input shaft 6.
[0018] In the regenerative braking coordination device
1 according to the first embodiment, the regenerative
braking and hydraulic braking are performed according
to the operation amount of the brake pedal 5. In order to
increase the electric power recovery rate, the proportion
of regenerative braking force with respect to the total
braking force is selected to be higher until maximum re-
generative braking force is obtained. Consequently, it is
necessary to reduce braking generation by the hydraulic
braking means. However, when the operation speed of
brake pedal 5 is high, it is necessary to generate the
regenerative braking force and the hydraulic braking
force from the range of a small operation amount of brake
pedal 5 before maximum regenerative braking force is
obtained. It is further desirable to improve the braking
force generation response.
[0019] In the first embodiment, input shaft 6 has an
operation amount absorbing part 4 that works such that
when the operation speed of brake pedal 5 is low, the
absorption amount of the operation amount transmitted
by input shaft 6 is increased, and when the operation
speed of brake pedal 5 is high, the absorption amount of
the operation amount transmitted by input shaft 6 is re-
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duced. Piston 41 and brake pedal 5 are connected to
each other by first input shaft 60. Active booster 30 and
cylinder 40 are connected by second input shaft 61.
[0020] FIG. 2 is a diagram illustrating the state of re-
generative braking coordination device 1 when the op-
eration speed of brake pedal 5 is low. When the operation
speed of brake pedal 5 is low, the working fluid in second
hydraulic chamber 40b moves through hydraulic channel
42 into first hydraulic chamber 40a when the first input
shaft 60 presses piston 41. Consequently, although the
operation amount is input from the brake pedal 5 to the
first input shaft 60, the cylinder 40 does not move within
the range of movement of the piston 41, so that the op-
eration amount is not transmitted to the second input
shaft 61.
[0021] FIG. 3 is a diagram illustrating the state of re-
generative braking coordination device 1 when the op-
eration speed of brake pedal 5 is high. When the opera-
tion speed of the brake pedal 5 is high, although piston
41 is pressed by the first input shaft 60, the resistance in
the orifice 43 prevents the working fluid from moving into
the first hydraulic chamber 40a from the second hydraulic
chamber 40b. Consequently, the piston 41 and cylinder
40 move together, so that the operation amount is trans-
mitted from the first input shaft 60 to the second input
shaft 61. As a result, the operation amount input to brake
pedal 5 is transmitted to hydraulic braking part 3, the
active booster 30 and master cylinder 31 are driven to
move, and hydraulic braking is performed via the wheel
cylinders 32.
[0022] Due to the operation of orifice 43 as explained
above, the operation amount generated by the hydraulic
braking force changes corresponding to the operation
speed of brake pedal 5. FIGS. 4A and 4B are graphs
illustrating the hydraulic braking force and regenerative
braking force corresponding to the operation amount and
operation speed. As shown in FIG. 4A, the higher the
operation speed of brake pedal 5, the smaller the oper-
ation amount generated by the hydraulic braking force.
On the other hand, as shown in FIG. 4B, the operation
amount generated by the regenerative braking force is
constant and independent of the operation speed of
brake pedal 5.
[0023] FIG. 5 shows time charts illustrating the gener-
ation of the braking force when the operation speed of
the brake pedal 5 is low and high, respectively, wherein
(a) shows the state when the operation speed is low, (b)
shows the state when the operation speed is high, and
(c) shows the state when the operation speed is high
when orifice 43 is not provided.
[0024] When the operation speed of brake pedal 5 is
low, from time t0 of the start of operation of brake pedal
5 to time t2, the operation amount of input shaft 6 is ab-
sorbed by means of operation amount absorbing part 4
so that only the regenerative braking force is generated.
After time t2, absorption of the operation amount of input
shaft 6 by the operation amount absorbing part 4 comes
to an end, and hydraulic braking force is also generated.

Consequently, both the regenerative braking force and
the hydraulic braking force are generated. In contrast, in
the period from time t0 to time t2, only a regenerative
braking force is generated corresponding to the operation
amount, and the proportion of regenerative braking force
with respect to the total braking force can be increased.
After time t2 it is possible to generate a higher braking
force because both the regenerative braking force and
the hydraulic braking force are generated.
[0025] When the operation speed of brake pedal 5 is
high, the operation amount transmitted by input shaft 6
is not absorbed by the operation amount absorbing part
4 from time t0 when the operation of brake pedal 5 is
started, so that the regenerative braking force and the
hydraulic braking force are both generated.
[0026] On the other hand, if orifice 43 is not provided,
when the operation speed of brake pedal 5 is high, the
operation amount transmitted by the input shaft 6 is ab-
sorbed by the operation amount absorbing part 4 during
the period from time t0 when the operation of brake pedal
5 is started up to time t1, so that only the regenerative
braking force is generated. After time t1, absorption by
operation amount absorbing part 4 of the operation
amount transmitted by the input shaft 6 comes to an end,
and the hydraulic braking force is also generated, so that
both the regenerative braking force and hydraulic braking
force are generated. As shown in FIG. 5 at lines (b) and
(c), generation of hydraulic braking force is delayed when
orifice 43 is not provided so that the braking force re-
sponse is delayed compared to when orifice 43 is pro-
vided. That is, due to the operation of orifice 43, when
brake pedal 5 is operated rapidly, it is possible to gener-
ate both the regenerative braking force and the hydraulic
braking force from time t0, and therefore it is possible to
generate a high braking force with excellent responsive-
ness.
[0027] The effects will now be explained. In the regen-
erative braking coordination device 1 the operation
amount absorbing part 4 is provided to the input shaft 6
and functions so that when the operation amount of brake
pedal 5 is lower, the absorption amount of the operation
amount transmitted by the input shaft 6 is increased. Con-
versely, when the operation speed is higher, the absorp-
tion amount is decreased.
[0028] When the operation speed of brake pedal 5 is
higher, because the absorption amount transmitted by
the input shaft 6 and absorbed by the operation amount
absorbing part 4 is smaller, the force boosting effect of
the active booster 30 is generated earlier and a high hy-
draulic braking force is generated. It is possible at the
same time to generate the regenerative braking force.
Consequently, it is possible to generate a high braking
force with excellent responsiveness. In addition, when
the operation speed of brake pedal 5 is lower, because
the absorption amount transmitted by input shaft 6 and
absorbed by the operation amount absorbing part 4 is
higher, the proportion of regenerative braking force with
respect to the total braking force can be increased, and
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the electric power recovery rate can be increased.
[0029] The operation amount absorbing part 4 has a
piston 41 that divides the interior of cylinder 40 into the
first hydraulic chamber 40a and the second hydraulic
chamber 40b. The operation amount absorbing part 4
also has a hydraulic channel 42 that connects first hy-
draulic chamber 40a and the second hydraulic chamber
40b, and an orifice 43 set in the hydraulic channel 42.
Consequently, when the operation speed of brake pedal
5 is higher, because it is possible to set a smaller absorp-
tion amount transmitted by input shaft 6 and absorbed
by the operation amount absorbing part 4, the regener-
ative braking force and hydraulic braking force can be
generated earlier, and a high braking force can be gen-
erated with excellent responsiveness. In addition, when
the operation speed of brake pedal 5 is lower, because
it is possible to set a larger absorption amount transmitted
by input shaft 6 and absorbed by operation amount ab-
sorbing part 4, the proportion of regenerative braking
force with respect to total braking force can be increased,
and the electric power recovery rate can be increased.
[0030] In the first embodiment, the orifice 43 is ar-
ranged in the hydraulic channel 42. In the second em-
bodiment as shown in FIG. 6, a switching valve 44 for
switching between cutoff valve 44a and orifice 44b in the
hydraulic channel 42 is provided. FIG. 6 is a diagram
illustrating the assembly of regenerative braking coordi-
nation device 1 according to the second embodiment.
The same part numbers as those adopted in the first em-
bodiment are adopted for the same structural parts, and
they are not explained again.
[0031] In the second embodiment, the switching valve
44 is arranged in the hydraulic channel 42 of the operation
amount absorbing part 4. In the event of failure of the
regenerative braking part 2 due to malfunctions or the
like, the switching valve 44 is turned OFF so that the
hydraulic channel 42 is blocked by the cutoff valve 44a.
When the regenerative braking part 2 is in the normal
state, the switching valve 44 is turned ON, and the hy-
draulic channel 42 is connected by the orifice 44b. That
is, when regenerative braking part 2 fails, the hydraulic
channel 42 is blocked by the cutoff valve 44a so that
when brake pedal 5 is operated the working fluid does
not move from the second hydraulic chamber 40b into
the first hydraulic chamber 40a. Consequently, the piston
41 does not move with respect to cylinder 40 so that the
operation amount input to the first input shaft 60 is trans-
mitted to the second input shaft 61. That is, the operation
amount input to the brake pedal 5 is transmitted to the
hydraulic braking part 3, and active booster 30 and mas-
ter cylinder 31 are driven to move so that hydraulic brak-
ing is performed via wheel cylinders 32. As a result, even
when regenerative braking part 2 fails it is still possible
to perform hydraulic braking to guarantee the braking
force with high reliability. In the second embodiment, a
cutoff valve 44a is provided that blocks the hydraulic
channel 42 when the regenerative braking part 2 fails.
[0032] Consequently, when the regenerative braking

part 2 fails the operation amount input by input shaft 6 is
not absorbed by the operation amount absorbing part 4,
hydraulic braking is performed irrespective of the oper-
ation amount and operation speed of brake pedal 5, and
it is possible to guarantee braking force with high relia-
bility.
[0033] In the first and second embodiments the slot 63
is formed in the clevis 62 along the axial direction of input
shaft 6. Because the clevis pin 50 is engaged in slot 63,
the brake pedal 5 does not move even when the input
shaft 6 is displaced by operation of active booster 30. In
the third embodiment, the operation amount absorbing
part 4 prevents the brake pedal 5 from moving even when
the active booster 30 works and a displacement is applied
to the input shaft 6.
[0034] FIG. 7 is a diagram illustrating the assembly of
the regenerative braking coordination device 1 according
to the third embodiment. The same part numbers as
those adopted in the first and second embodiments are
also adopted here to represent the same structural parts,
and they are not explained again.
[0035] In FIG. 7, the engagement aperture 64 engaged
with the clevis pin 50 of the brake pedal 5 is formed in
the clevis 62 of the input shaft 6. The clevis pin 50 is
rotatably engaged in the engagement aperture 64. The
operation amount absorbing part 4 is composed of a cyl-
inder 45 filled with working fluid, a piston 41 that divides
the interior of cylinder 45 into the first hydraulic chamber
45a and the second hydraulic chamber 45b, a hydraulic
channel 42 that connects the first hydraulic chamber 45a
and second hydraulic chamber 45b, and an orifice 43 set
in the hydraulic channel 42. The piston 41 is arranged
such that when the brake pedal 5 is not depressed, the
axial dimension of first hydraulic chamber 45a is distance
(a) and the axial dimension of second hydraulic chamber
45b is distance (b). The distance (a) is set to correspond
to the displacement applied to second input shaft 61 in
the automatic braking by the active booster 30, and dis-
tance (b) is set to correspond to the operation amount of
the brake pedal 5 when braking is mainly performed only
by regenerative braking in the normal braking operation.
[0036] Operation of the third embodiment is now ex-
plained. Because cylinder 45 is pulled by second input
shaft 61, when automatic braking is performed by means
of the active booster 30, the working fluid in first hydraulic
chamber 45a moves through the hydraulic channel 42
and releasing it into the second hydraulic chamber 45b.
Consequently, although the displacement is applied to
the second input shaft 61 due to the movement of the
cylinder 45, the piston 41 does not move, so that the
displacement is not transmitted to the first input shaft 60.
Consequently, no force acts on the side of brake pedal
5, and it is possible to prevent the movement of brake
pedal 5 in the automatic braking operation.
[0037] As a result, the active booster 30 automatically
generates hydraulic braking pressure and creates a dis-
placement of the input shaft 6 when the hydraulic braking
pressure is generated automatically. The operation
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amount absorbing part 4 absorbs the operation amount
transmitted by the input shaft 6 and the displacement of
the input shaft 6 by the active booster 30.
[0038] Consequently, even when the hydraulic braking
pressure is generated automatically by the active booster
30, the operation amount absorbing part 4 prevents any
force from acting on the side of the brake pedal 5 so that
it is possible to prevent movement of the brake pedal 5.
[0039] According to the first three embodiments, orifice
43 (or orifice 44b in the second embodiment) having
equal forward and backward resistance to the working
fluid is arranged in hydraulic channel 42.
[0040] In the fourth embodiment, orifice 46 having dif-
ferent forward and backward resistances to the working
fluid is arranged in the hydraulic channel 42. With respect
to the speed with which brake pedal 5 is depressed, the
speed of the return operation is lower, improving the op-
eration fuel feel.
[0041] FIG. 8 is a diagram illustrating the assembly of
the regenerative braking coordination device 1 of the op-
eration amount absorbing part 4 in the fourth embodi-
ment. The same part numbers as those adopted in the
previous embodiments are adopted to represent the
same structural parts, and they are not explained again.
[0042] The orifice 46 is arranged in the hydraulic chan-
nel 42. FIGS. 9A and 9B are enlarged views of the orifice
46. As shown therein, a first channel 46a and a second
channel 46b are formed as orifice 46. The first channel
46a has a cutoff valve 46c arranged therein. The valve
46c opens when the working fluid moves from the second
hydraulic chamber 45b to the side of first hydraulic cham-
ber 45a (forward), and the valve closes when the working
fluid moves from the first hydraulic chamber 45a to the
side of second hydraulic chamber 45b (backward). As
shown in FIG. 9A, the first channel 46a is blocked by
cutoff valve 46c during the backward movement, and the
working fluid passes only through second channel 46b.
As shown in FIG. 9B, the first channel 46a is opened by
cutoff valve 46c during the forward movement, and the
working fluid passes through both the first channel 46a
and the second channel 46b.
[0043] The diameter of the orifice 46 for letting the
working fluid pass through when brake pedal 5 performs
the return operation is smaller than the diameter of orifice
46 for letting the working fluid pass through when the
brake pedal 5 is depressed. The operation amount trans-
mitted by the input shaft 6 is absorbed during the forward
movement, so that the backward resistance is higher
than the forward resistance. Consequently, it is possible
to set the speed in the return operation to be lower than
that when brake pedal 5 is depressed.
[0044] Just as in the first embodiment, the pair of first
channel 46a and second channel 46b enable setting a
smaller operation amount transmitted by the input shaft
6 and absorbed by operation amount absorbing part 4
when the operation speed of brake pedal 5 is higher.
Consequently, regenerative braking force and hydraulic
braking force are generated earlier, and it is possible to

generate a high braking force with excellent responsive-
ness. In addition, when the operation speed of brake ped-
al 5 is lower, it is possible to set a higher absorption
amount transmitted by the input shaft 6 and absorbed by
the operation amount absorbing part 4.
[0045] The effects of the regenerative braking coordi-
nation device 1 in the fourth embodiment are explained
hereinafter. For orifice 46, the diameter for the backward
side is selected to be smaller than that when the operation
amount transmitted by input shaft 6 is absorbed. Conse-
quently, it is possible to have the backward resistance
be higher than the forward resistance, so that the speed
in performing the return operation can be set lower than
when brake pedal 5 is depressed and so that the oper-
ation feel can be improved.
[0046] The invention has been explained with refer-
ence to four embodiments. However, the specific assem-
bly of the invention is not limited to these four embodi-
ments. The invention also includes alterations in these
designs. For example, in the first and second embodi-
ments, a regenerative braking coordination device 1 us-
ing an active booster 30 has been described as an ex-
ample. However, a conventional brake boosting device
can also be used as the active booster 30. That is, any
regeneration brake and hydraulic brake using a brake
boosting device may be adopted.
[0047] In the described embodiments, the first input
shaft 60 is connected to the piston 41 and the brake pedal
5, and second input shaft 61 is connected to the active
booster 30 and cylinder 45 (or cylinder 40 in the first and
second embodiments). However, the scheme shown in
FIG. 10 can also be adopted for this assembly, in which
the first input shaft 60 is connected to the cylinder 45 and
brake pedal 5, and the second input shaft 61 is connected
to the active booster 30 and piston 41.
[0048] Also, as shown in FIG. 11A, the operation
amount absorbing part 4 is provided with a hydraulic
channel 47 that connects the first hydraulic chamber 45a
and second hydraulic chamber 45b. The diameter of hy-
draulic channel 47 is made narrow such that the effect
of an orifice can be realized. As shown in FIG. 11B, a
piston 48 that divides the interior into the first hydraulic
chamber 45a and the second hydraulic chamber 45b is
provided inside the cylinder 45. Further, a narrow channel
48a for connecting the first hydraulic chamber 45a and
the second hydraulic chamber 45b may be formed in pis-
ton 48 to exhibit the effect of the orifice.
[0049] The effect of the regeneration braking coordi-
nation device 1 as show in Fig.11A, and 11B is explained
hereinafter. The hydraulic channel 47 and the narrow
channel 48a has the effect of an orifice when the opera-
tion speed of brake pedal 5 is higher. Consequently it is
possible to miniaturize the operation amount absorbing
part 4.
[0050] Accordingly, the above-described embodi-
ments have been described in order to allow easy un-
derstanding of the invention and do not limit the invention.
On the contrary, the invention is intended to cover various
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modifications and equivalent arrangements included
within the scope of the appended claims, which scope is
to be accorded the broadest interpretation so as to en-
compass all such modifications and equivalent structure
as is permitted under the law.

Claims

1. A regenerative braking coordination device (1) for a
vehicle comprising:

a braking operating member (5) for receiving an
input from a driver, the input corresponding to
an operation amount representing a braking
amount;
a braking force boosting device (30) for gener-
ating a hydraulic braking pressure correspond-
ing to the operation amount;
a hydraulic pressure braking device (3) for gen-
erating a braking force using the hydraulic brak-
ing pressure;
an operation amount detector (22) configured to
detect the operation amount;
a regenerative braking control part (20) config-
ured to generate a braking force using a motor
(21), the braking force corresponding to the op-
eration amount;
an operation amount absorber (4) configured to
absorb the operation amount, the operation
amount absorber including:

a cylinder (40);
a piston (41) dividing an interior of the cyl-
inder into a first hydraulic chamber 40a and
a second hydraulic chamber (40b); and

an orifice (43) connecting the first hydraulic
chamber and the second hydraulic chamber,
and
a cutoff valve (44a) configured to block the ori-
fice when at least one of the operation amount
detector, the regenerative braking control part
and the motor fails.

2. The regenerative braking coordination device (1) as
claimed in claim 1, comprising an input shaft (6) ar-
ranged to transmit the operation amount to the brak-
ing force boosting device (30).

3. The regenerative braking coordination device (1) as
claimed in claim 2, comprising a flow channel (42)
connecting the first hydraulic chamber and the sec-
ond hydraulic chamber, wherein the orifice (43) is in
the flow channel.

4. The regenerative braking coordination device (1) as
claimed in claim 2 or claim 3, wherein the orifice (43)

is in the piston (41).

5. The regenerative braking coordination device (1) as
claimed in claim 2 or any claim dependent on claim
2, comprising:

active booster means (30) for controlling dis-
placement of the input shaft (6); and
absorber means on at least one side of the sec-
ond hydraulic chamber for absorbing the dis-
placement caused by the active booster means.

6. The regenerative braking coordination device (1) as
claimed in any of claims 2 to 5, wherein the orifice
is arranged to have a first diameter when the oper-
ation amount is absorbed and a second diameter
when the braking operating member is performing a
return operation, the second diameter being smaller
than the first diameter.

7. A method comprising:

receiving an input from a driver corresponding
to an operation amount that represents a braking
amount;
generating a hydraulic braking pressure corre-
sponding to the operation amount;
generating a braking force using the hydraulic
braking pressure;
detecting the operation amount with operation
amount detector;
generating a braking force using a motor, the
braking force corresponding to the operation
amount, with a regenerative braking control part;
blocking an orifice when at least one of the op-
eration amount detector, the regenerative brak-
ing control part and the motor fails; and
absorbing the operation amount with an opera-
tion amount absorber including:

a cylinder;
a piston dividing an interior of the cylinder
into a first hydraulic chamber and a second
hydraulic chamber; and
the orifice connecting the first hydraulic
chamber and the second hydraulic cham-
ber.

8. A vehicle having the regenerative braking coordina-
tion device (1) as claimed in any of claims 1 to 6.

Patentansprüche

1. Regenerative Bremskoordinationsvorrichtung (1) für
ein Fahrzeug, umfassend:

ein Bremsbetätigungselement (5) zum Aufneh-
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men einer Eingabe von einem Fahrer, wobei die
Eingabe einem Betätigungsbetrag entspricht,
der einen Bremsbetrag darstellt;
eine Bremskraftverstärkungsvorrichtung (30)
zum Erzeugen eines Hydraulikbremsdrucks ge-
mäß dem Betätigungsbetrag;
eine Hydraulikdruckbremsvorrichtung (3) zum
Erzeugen einer Bremskraft unter Verwendung
des Hydraulikbremsdrucks;
einen Betätigungsbetragsdetektor (22), der zum
Erfassen des Betätigungsbetrags konfiguriert
ist;
einen regenerativen Bremssteuerabschnitt
(20), der zum Erzeugen einer Bremskraft unter
Verwendung eines Motors (21) konfiguriert ist,
wobei die Bremskraft dem Betätigungsbetrag
entspricht;
einen Betätigungsbetragsabsorber (4), der zum
Absorbieren des Betätigungsbetrags konfigu-
riert ist, wobei der Betätigungsbetragsabsorber
umfasst:

einen Zylinder (40);
einen Kolben (41), der einen Innenraum des
Zylinders in eine erste Hydraulikkammer
(40a) und eine zweite Hydraulikkammer
(40b) unterteilt; und
eine Öffnung (43), welche die erste Hydrau-
likkammer und die zweite Hydraulikkammer
verbindet, und
ein Absperrventil (44a), das zum Sperren
der Öffnung konfiguriert ist, wenn der Betä-
tigungsbetragsdetektor, der regenerative
Bremssteuerabschnitt und/oder der Motor
ausfällt.

2. Regenerative Bremskoordinationsvorrichtung (1)
nach Anspruch 1, umfassend eine Eingangswelle
(6), die zum Übertragen des Betätigungsbetrags an
die Bremskraftverstärkungsvorrichtung (30) einge-
richtet ist.

3. Regenerative Bremskoordinationsvorrichtung (1)
nach Anspruch 2, umfassend einen Strömungskanal
(42), der die erste Hydraulikkammer und die zweite
Hydraulikkammer verbindet, wobei sich die Öffnung
(43) im Strömungskanal befindet.

4. Regenerative Bremskoordinationsvorrichtung (1)
nach Anspruch 2 oder 3, wobei sich die Öffnung (43)
im Kolben (41) befindet.

5. Regenerative Bremskoordinationsvorrichtung (1)
nach Anspruch 2 oder einem von Anspruch 2 ab-
hängigen Anspruch, umfassend:

eine aktive Verstärkereinrichtung (30) zum
Steuern der Verschiebung der Eingangswelle

(6); und
eine Absorptionseinrichtung auf zumindest ei-
ner Seite der zweiten Hydraulikkammer zum Ab-
sorbieren der durch die aktive Verstärkereinrich-
tung verursachten Verschiebung.

6. Regenerative Bremskoordinationsvorrichtung (1)
nach einem der Ansprüche 2 bis 5, wobei die Öffnung
so angeordnet ist, dass sie einen ersten Durchmes-
ser, wenn der Betätigungsbetrag absorbiert wird,
und einen zweiten Durchmesser aufweist, wenn das
Bremsbetätigungselement einen Rückstellvorgang
ausführt, wobei der zweite Durchmesser kleiner als
der erste Durchmesser ist.

7. Verfahren, das folgende Schritte umfasst:

Aufnehmen einer Eingabe von einem Fahrer,
die einem Betätigungsbetrag entspricht, der ei-
nen Bremsbetrag darstellt;
Erzeugen eines Hydraulikbremsdrucks gemäß
dem Betätigungsbetrag;
Erzeugen einer Bremskraft unter Verwendung
des Hydraulikbremsdrucks;
Erfassen des Betätigungsbetrags mit einem Be-
tätigungsbetragsdetektor;
Erzeugen einer Bremskraft unter Verwendung
eines Motors, wobei die Bremskraft dem Betä-
tigungsbetrag entspricht, mittels eines regene-
rativen Bremssteuerabschnitts;
Sperren einer Öffnung, wenn der Betätigungs-
betragsdetektor, der regenerative Bremssteuer-
abschnitt und/oder der Motor ausfällt; und
Absorbieren des Betätigungsbetrags mit einem
Betätigungsbetragsabsorber, umfassend:

einen Zylinder;
einen Kolben, der einen Innenraum des Zy-
linders in eine erste Hydraulikkammer und
eine zweite Hydraulikkammer unterteilt;
und
die Öffnung, welche die erste Hydraulik-
kammer und die zweite Hydraulikkammer
verbindet.

8. Fahrzeug mit der regenerativen Bremskoordinati-
onsvorrichtung (1) nach einem der Ansprüche 1 bis
6.

Revendications

1. Dispositif de coordination de freinage par récupéra-
tion (1) pour un véhicule comprenant :

un élément d’actionnement de freinage (5) pour
recevoir une entrée provenant d’un conducteur,
l’entrée correspondant à une quantité d’action-
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nement représentant une quantité de freinage ;
un dispositif d’amplification de force de freinage
(30) pour générer une pression de freinage hy-
draulique correspondant à la quantité
d’actionnement ;
un dispositif de freinage à pression hydraulique
(3) pour générer une force de freinage en utili-
sant la pression de freinage hydraulique ;
un détecteur de quantité d’actionnement (22)
configuré pour détecter la quantité
d’actionnement ;
une partie de commande de freinage par récu-
pération (20) configurée pour générer une force
de freinage en utilisant un moteur (21), la force
de freinage correspondant à la quantité
d’actionnement ;
un absorbeur de quantité d’actionnement (4)
configuré pour absorber la quantité d’actionne-
ment, l’absorbeur de quantité d’actionnement
comportant :

un cylindre (40) ;
un piston (41) divisant un intérieur du cylin-
dre en une première chambre hydraulique
(40a) et une deuxième chambre hydrauli-
que (40b) ; et

un orifice (43) reliant la première chambre hy-
draulique et la deuxième chambre hydraulique,
et
une soupape d’arrêt (44a) configurée pour blo-
quer l’orifice lorsqu’au moins l’un parmi le dé-
tecteur de quantité d’actionnement, la partie de
commande de freinage par récupération et le
moteur est défaillant.

2. Dispositif de coordination de freinage par récupéra-
tion (1) tel que revendiqué dans la revendication 1,
comprenant un arbre d’entrée (6) agencé pour trans-
mettre la quantité d’actionnement au dispositif d’am-
plification de force de freinage (30).

3. Dispositif de coordination de freinage par récupéra-
tion (1) tel que revendiqué dans la revendication 2,
comprenant un canal d’écoulement (42) reliant la
première chambre hydraulique et la deuxième
chambre hydraulique, dans lequel l’orifice (43) est
dans le canal d’écoulement.

4. Dispositif de coordination de freinage par récupéra-
tion (1) tel que revendiqué dans la revendication 2
ou 3, dans lequel l’orifice (43) est dans le piston (41).

5. Dispositif de coordination de freinage par récupéra-
tion (1) tel que revendiqué dans la revendication 2
ou toute revendication dépendant de la revendica-
tion 2, comprenant :

un moyen d’amplification actif (30) pour com-
mander le déplacement de l’arbre d’entrée (6) ;
et
un moyen d’absorption sur au moins un côté de
la deuxième chambre hydraulique pour absor-
ber le déplacement causé par le moyen d’am-
plification actif.

6. Dispositif de coordination de freinage par récupéra-
tion (1) tel que revendiqué dans l’une des revendi-
cations 2 à 5, dans lequel l’orifice est agencé de ma-
nière à avoir un premier diamètre lorsque la quantité
d’actionnement est absorbée et un deuxième dia-
mètre lorsque l’élément d’actionnement de freinage
effectue une opération de retour, le deuxième dia-
mètre étant inférieur au premier diamètre.

7. Procédé comprenant le fait :

de recevoir une entrée provenant d’un conduc-
teur correspondant à une quantité d’actionne-
ment qui représente une quantité de freinage ;
de générer une pression de freinage hydrauli-
que correspondant à la quantité
d’actionnement ;
de générer une force de freinage en utilisant la
pression de freinage hydraulique ;
de détecter la quantité d’actionnement à l’aide
d’un détecteur de quantité d’actionnement ;
de générer une force de freinage en utilisant un
moteur, la force de freinage correspondant à la
quantité d’actionnement, à l’aide d’une partie de
commande de freinage par récupération ;
de bloquer un orifice lorsqu’au moins l’un parmi
le détecteur de quantité d’actionnement, la par-
tie de commande de freinage par récupération
et le moteur est défaillant ; et
d’absorber la quantité d’actionnement à l’aide
d’un absorbeur de quantité d’actionnement
comportant :

un cylindre ;
un piston (41) divisant un intérieur du cylin-
dre en une première chambre hydraulique
et une deuxième chambre hydraulique ; et
l’orifice reliant la première chambre hydrau-
lique et la deuxième chambre hydraulique.

8. Véhicule ayant le dispositif de coordination de frei-
nage par récupération (1) tel que revendiqué dans
l’une quelconque des revendications 1 à 6.
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