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(54) VEHICLE BRAKE SYSTEM

(57) There is provided a vehicle brake system to
which an electric brake actuator constituting the vehicle
brake system is stably attached and in which it is possible
to dispose the electric brake actuator in a power plant
storage chamber in a space-efficient manner. A vehicle
brake system configured by disposing, on a vehicle, an
input device to which the brake operation of an operator
is inputted and a motor cylinder device for generating
brake fluid pressure by driving a hydraulic pressure con-
trolling piston stored in a cylindrical cylinder main body
by means of an electric motor at least in accordance with
the brake operation, wherein the motor cylinder device
is attached in a manner such that at least a portion of the
cylinder main body overlaps with a power plant in the
vehicle up and down direction; and the electric motor is
disposed below the cylinder main body.
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Description

Technical Field

[0001] The present invention relates to a vehicle brake
system provided with an electric brake actuator for gen-
erating a hydraulic brake pressure by a rotational driving
force of an electric motor when a braking operation sec-
tion is operated.

Background Art

[0002] Vehicle brake systems, which are provided with
a servo unit for boosting the braking effort when a brake
pedal is pedaled, are widely known. For example, Patent
Document 1 discloses an electric brake actuator (electric
servo unit) using an electric motor as a force boosting
source.
The electric brake actuator disclosed by Patent Docu-
ment 1 is configured as follows. A main piston is formed
by a shaft member that moves forward and backward by
an operation of a brake pedal, and a booster piston is
formed by a cylindrical member outer fitted to the shaft
member (main piston). The electric brake actuator is ar-
ranged such that a thrust force that is input from the brake
pedal to the shaft member (main piton) and a thrust force
applied by an electric motor to the cylindrical member
(booster piston) generate a hydraulic brake pressure to
boost the braking effort.

Background Art Document

Patent Document

[0003] Patent Document 1: JP2010-23594 A

Disclosure of the Invention

Problems to be Solved by the Invention

[0004] Further, as the electric brake actuator disclosed
by Patent Document 1 is an integrated type in which the
electric motor is built in a cylinder main body (housing)
housing the main piston and the booster piston, which
makes the size of the cylinder main body large. Accord-
ingly, in case of housing an electric brake actuator in a
power plant hosing room for housing a power plant, there
is a problem that an appropriate disposition for improving
the space efficiency is difficult.
In this situation, although a structure in which an electric
motor is disposed outside a cylinder main body can be
discussed, as the electric motor is heavy, the weight bal-
ance is lost depending on the position of the electric mo-
tor, which causes a problem that an electric brake actu-
ator cannot be attached in a stable state.
[0005] In this situation, an object of the invention is to
provide a vehicle brake system in which an electric brake
actuator thereof can be stably attached with an excellent

weight balance and the electric brake actuator can also
be disposed with a high space efficiency in a power plant
housing room.

Means for Solving the Problems

[0006] In order to attain the object, in an aspect of the
present invention, a vehicle brake system includes: an
input device to which braking operation by an operator
is input; and an electric brake actuator for generating a
hydraulic brake pressure by driving a hydraulic pressure
control piston housed in a cylinder main body by an elec-
tric motor, according to at least the braking operation,
wherein the input device and the electric brake actuator
are mounted on a vehicle, and wherein the electric motor
is disposed lower than the cylinder main body.
[0007] According to this aspect of the invention, the
electric motor for driving the hydraulic pressure control
piston that slides inside the cylinder main body can be
disposed lower than the cylinder main body.
Accordingly, the heavy electric motor is disposed lower,
and the weight of the electric brake actuator is satisfac-
torily distributed to enable stable attachment of the elec-
tric brake actuator with an excellent weight balance.
Further, as the electric motor is disposed lower than the
cylinder main body, it is unnecessary to ensure a space
for disposing the electric motor, side to the cylinder main
body.
[0008] In another aspect of the invention, the input de-
vice and the electric brake actuator are arranged sepa-
rately, and at least the electric brake actuator is disposed
in a housing room in which a vehicle power unit is housed.
[0009] According to this aspect of the invention, the
input device and the electric brake actuator can be sep-
arately arranged, and further, the electric brake actuator
can be disposed in the housing room (power plant hous-
ing room) in which the vehicle power unit is housed.
[0010]   In still another aspect of the invention, the elec-
tric motor is disposed in a space formed between the
vehicle power unit, the vehicle power unit being disposed
between front side members that extend along a front
and rear direction on a left side and a right side of the
vehicle, and either one of the front side members.
[0011] According to this aspect of the invention, the
electric motor of the electric brake actuator can be dis-
posed between the vehicle power unit and the front side
member. Accordingly, the space between the vehicle
power unit and the front side member can be effectively
used, and the electric brake actuator can thereby be dis-
posed in the power plant housing room with a high effi-
ciency.
[0012] In yet another aspect of the invention, the cyl-
inder main body is disposed in a space formed between
the vehicle power unit and either one of the front side
members such that an axial direction of the hydraulic
pressure control piston is along an extending direction
of the either one of the front side members.
[0013] According to this aspect of the invention, the
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cylinder main body of the electric brake actuator can be
disposed between the vehicle power unit and the front
side member. Accordingly, the space between the vehi-
cle power unit and the front side member can be effec-
tively used, and the  electric brake actuator can be dis-
posed in the power plant housing room with a high space
efficiency.
[0014] In still another aspect of the invention, the elec-
tric motor of the electric brake actuator is disposed at a
position rotated in a direction getting away from the ve-
hicle power unit, with an axial line of the hydraulic pres-
sure control piston as a center, such that the axial direc-
tion of the hydraulic pressure control piston and an output
shaft of the electric motor are substantially parallel to
each other.
[0015] According to this aspect of the invention, the
electric motor of the electric brake actuator can be dis-
posed at a position rotated in the direction getting away
from the vehicle power unit, with the axial line of the hy-
draulic pressure control piston as the center of rotation.
Accordingly, the electric motor can be disposed in the
space on the outer side of the vehicle than the cylinder
main body, and the electric brake actuator cab be dis-
posed in the power plant housing room with a high space
efficiency.
[0016] In another aspect of the invention, at least one
portion of the cylinder main body is disposed such as to
overlap with the vehicle power unit with respect to an
upper and lower direction of the vehicle. Further, the at
least one portion of the cylinder main body is disposed
higher than the vehicle power unit.
[0017] According to this aspect of the invention, at least
one portion of the cylinder main body can be disposed
higher than the vehicle power unit with an overlap with
respect to the upper and lower direction of the vehicle.
Accordingly, it is possible to effectively use the space
above the vehicle power unit and dispose the electric
brake actuator in the power plant housing room with a
high space efficiency.
[0018] In still another aspect of the invention, the ve-
hicle brake system includes a guard member for protect-
ing the electric motor from an object that is bounced up
by running of the vehicle. Further, the guard member is
formed integrally with a bracket for attaching the electric
brake actuator to the vehicle.
[0019] In this aspect of the invention, it is possible to
attach a guard member for protecting the electric motor
from an object that is bounced up during running of the
vehicle. Although the electric motor is in a state of easily
coming in contact particularly with objects bounced up
from below as the electric motor is disposed below the
cylinder main body, it is possible by the guard member
to prevent such objects from contacting the electric mo-
tor. Further, the guard member can be formed integrally
with the bracket for attaching the electric brake actuator
to the vehicle.

Advantages of the Invention

[0020] According to the invention, it is to provide a ve-
hicle brake system in which an electric brake actuator
thereof can be stably attached with an excellent weight
balance and the electric brake actuator can also be dis-
posed with a high space efficiency in a power plant hous-
ing room.

Brief Description of the Drawings

[0021]

FIG. 1 is a configuration diagram of a vehicle brake
system in the present embodiment;

FIG. 2 is a perspective view showing a state that a
motor cylinder device is disposed in a power plant
housing room;

FIG. 3 is a plan view of the power plant housing room
where the motor cylinder device is disposed;

FIG. 4 is an exploded perspective view of the motor
cylinder device;

FIG. 5 shows an example of arrangement of attach-
ing the motor cylinder device to a bracket;

FIG. 6 shows a state that an electric motor is dis-
posed between a power plant and a front side mem-
ber in a view from above; and

FIG. 7(a) is a plan view of the power plant housing
room in which the motor cylinder device is disposed
between the power plant and the front side member,
and FIG. 7(b) shows a state that the electric motor
is disposed at a position rotated in a direction getting
away from the power plant in a view from the front.

Embodiment for Carrying Out the Invention

[0022] In the following, an embodiment according to
the present invention will be described in detail, referring
to the drawings, as appropriate. FIG. 1 is a configuration
diagram of a vehicle brake system in the present embod-
iment according to the present invention.
[0023] A vehicle brake system 10 shown in FIG. 1 in-
cludes two brake systems one of which is a brake system
of a by-wire type for a normal use, which operates a brake
by transmitting an electric signal, and the other one is a
brake system of a conventional hydraulic type for fail-
safe, which operates a brake by transmitting a hydraulic
pressure.
[0024] Accordingly, as shown in FIG. 1, the vehicle
brake system 10 is configured basically by an input de-
vice 14 for inputting an operation by an operator when a
brake operation section, such as a pedal 12, is operated
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by  an operator, an electric brake actuator (a motor cyl-
inder device 16) for controlling (generating) a hydraulic
brake pressure, and a vehicle behavior stabilizing device
18 (hereinafter, referred to as the VSA device 18, VSA:
registered trademark) for assisting stabilization of the be-
havior of the vehicle, as separated units.
[0025] These devices, namely, the input device 14, the
motor cylinder device 16, and the VSA device 18 are
connected by hydraulic passages formed by a tube ma-
terial, for example, a hose or a tube. Further, as a by-
wire brake system, the input device 14 and the motor
cylinder device 16 are electrically connected by a har-
ness, not shown.
[0026] Regarding the hydraulic passages, with a con-
nection point A1 in FIG. 1 (a little lower than the center)
as a reference, a connection port 20a of the input device
14 and the connection point A1 are connected by a first
piping tube 22a. Further, an output port 24a of the motor
cylinder device 16 and the connection point A1 are con-
nected by a second piping tube 22b. Further, an inlet port
26a of the VSA device 18 and the connection point A1
are connected by a third piping tube 22c.
[0027] With another connection point A2 in FIG. 1 as
a reference, another connection port 20b of the input de-
vice 14 and the connection point A2 are connected by a
fourth piping tube 22d. Further, another output port 24b
of  the motor cylinder device 16 and the connection point
A2 are connected by a fifth piping tube 22e. Still further,
another inlet port 26b of the VSA device 18 and the con-
nection point A2 are connected by a sixth piping tube 22f.
[0028] The VSA device 18 is provided with a plurality
of outlet ports 28a to 28d. The first outlet port 28a is con-
nected, by a seventh piping tube 22g, with a wheel cyl-
inder 32FR of a disk brake mechanism 30a provided at
the front wheel on the right side. The second outlet port
28b is connected, by an eighth piping tube 22h, with a
wheel cylinder 32RL of a disk brake mechanism 30b pro-
vided at the rear wheel on the left side. The third outlet
port 28c is connected, by a ninth piping tube 22i, with a
wheel cylinder 32RR of a disk brake mechanism 30c pro-
vided at the rear wheel on the right side. The fourth outlet
port 28d is connected, by a tenth piping tube 22j, with a
wheel cylinder 32FL of a disk brake mechanism 30d pro-
vided at the front wheel on the left side.
[0029] In this case, brake fluid is supplied through the
piping tubes 22g-22j connected with the respective outlet
ports 28a-28d to the respective wheel cylinders 32FR,
32RL, 32RR, and 32FL of the disk brake mechanisms
30a-30d. A rise in the hydraulic pressure in the wheel
cylinders 32FR, 32RL, 32RR, or 32FL operates the wheel
cylinders 32FR, 32RL, 32RR, or 32FL, and a braking
force is applied to the corresponding wheel (the right-
side  front wheel, the left-side rear wheel, the right-side
rear wheel, or the left-side front wheel).
[0030] The vehicle brake system 10 is arranged to be
mountable on various vehicles including, for example, a
vehicle driven only by an engine (internal combustion
engine), a hybrid vehicle, an electric vehicle, and a fuel

cell vehicle.
Further, the vehicle brake system 10 can be mounted on
a vehicle of any driving type, such as a front wheel drive
type, a rear wheel drive type, or a four wheel drive type,
without limitation of the driving type.
[0031] The input device 14 includes a tandem master
cylinder 34 capable of generating a hydraulic pressure
by an operator’s operation of the brake pedal 12 and a
first reservoir 36 provided at the master cylinder 34. In-
side a cylinder tube 38 of the master cylinder 34, two
pistons 40a and 40b are slidably arranged, wherein the
two pistons 40a and 40b are separated from each other
with a certain distance along the axial direction of the
cylinder tube 38. The one piston 40a is disposed adjacent
to the brake pedal 12 and is connected with the brake
pedal 12 through a push rod 42. The other piston 40b is
disposed with a longer distance than the piston 40a from
the brake pedal 12.
[0032]   A pair of piton packings 44a and 44b is attached
to the outer circumferential surfaces of the one and the
other pistons 40a and 40b through an annular stepped
portion. Back chambers 48a and 48b communicated with
later-described supply ports 46a and 46b are formed be-
tween the pair of packings 44a and 44b. Further, a spring
member 50a is arranged between the one and the other
pistons 40a and 40b. Another spring member 50b is ar-
ranged between the other piston 40b and the side end
portion of the cylinder tube 38.
Incidentally, piston packings 44a and 44b may be at-
tached to the inner wall of the cylinder tube 38.
[0033] The cylinder tube 38 of the master cylinder 34
is provided with two supply ports 46a and 46b, two relief
ports 52a and 52b, and two output ports 54a and 54b. In
this case, the respective supply ports 46a (46b), and the
respective relief ports 52a (52b), are arranged to respec-
tively join with each other and communicate with a res-
ervoir chamber, not shown, in the first reservoir 36.
[0034] Further, inside the cylinder tube 38 of the master
cylinder 34, a first pressure chamber 56a and a second
pressure chamber 56b are provided to generate a hy-
draulic brake pressure according to a braking effort ap-
plied by the operator to the brake pedal 12. The first pres-
sure chamber 56a is arranged such as to communicate
with the connection port 20a through a  first hydraulic
pressure passage 58a. The second pressure chamber
56b is arranged such as to communicate with the other
connection port 20b through a second hydraulic pressure
passage 58b.
[0035] A pressure sensor Pm is provided between the
master cylinder 34 and the connection port 20a and on
the upstream side of the first hydraulic pressure passage
58a. A first shut-off valve 60a of a solenoid valve of a
normally open type is provided on the downstream side
of the first hydraulic pressure passage 58a. This pressure
sensor Pm detects the hydraulic pressure on the up-
stream side, which is the master cylinder 34 side of the
first shut-off valve 60a, on the first hydraulic pressure
passage 58a.
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[0036] Between the master cylinder 34 and the other
connection port 20b, a second shut-off valve 60b of a
solenoid valve of a normally open type is arranged on
the upstream side of the second hydraulic pressure pas-
sage 58b, and a pressure sensor Pp is arranged on the
downstream side of the second hydraulic passage 58b.
On the second hydraulic passage 58b, this pressure sen-
sor Pp detects the hydraulic pressure on the downstream
side of the second shut-off valve 60b, in other words, on
the side of the wheel cylinders 32FR, 32RL, 32RR, and
32FL.
[0037] The normal openness of the first shut-off valve
60a and the second shut-off valve 60b refers to the type
of a valve configured such that the  normal position (the
position of the valve body when current is not applied) is
in a state of being at an open position (always open).
Incidentally, in FIG. 1, the first shut-off valve 60a and the
second shut-off valve 60b are shown in a close state in
which a current is applied to the solenoids, and the valve
bodies, not shown, are thereby operating.
[0038] At a point between the master cylinder 34 and
the second shut-off valve 60b, the second hydraulic pres-
sure passage 58b is provided with a branched hydraulic
passage 58c branching from the second hydraulic pres-
sure passage 58b. To the branched hydraulic passage
58c, serially connected are a third shut-off valve 62 of a
solenoid valve of a normally close type and a stroke sim-
ulator 64. The normal closing of the third shut-off valve
62 refers to the type of a valve configured such that the
normal position (the position of the valve body when cur-
rent is not applied) is in a state of being at a closed position
(always closed). Incidentally, in FIG. 1, the third shut-off
valve 62 is shown in a valve open state in which a current
is applied to the solenoid, and the valve body, not shown,
is thereby operating.
[0039] The stroke simulator 64 is a device that makes
an operator feel as if a braking force were generated by
a braking effort, by generating a stroke and a reaction
force of the brake during by-wire control. The stroke sim-
ulator 64 is disposed on the second hydraulic pressure
passage 58b and  on the master cylinder 34 side of the
second shut-off valve 60b. The stroke simulator 64 is
provided with a hydraulic pressure chamber 65 commu-
nicating with the branched hydraulic passage 58c, and
is arranged such as to be able to suck brake fluid let out
through the hydraulic pressure chamber 65 from the sec-
ond pressure chamber 56b of the master cylinder 34.
[0040] Further, the stroke simulator 64 includes a first
return spring 66a with a larger spring constant, a second
return spring 66b with a smaller spring constant, the first
and the second springs 66a and 66b being serially dis-
posed with each other, and a simulator piston 68 urged
by the first and second return springs 66a and 66b. The
stroke simulator 64 is arranged such that the increase
gradient of the pedal reaction force is set low during an
early stage of pedaling the brake pedal 12, and the pedal
reaction force is set high during a later stage of pedaling,
so that the pedal feeling of the brake pedal 12 becomes

equivalent to that of a time when an existing master cyl-
inder 34 is pedaled.
[0041] The configuration of the hydraulic pressure pas-
sages is roughly categorized into a first hydraulic system
70a that connects the first pressure chamber 56a of the
master cylinder 34 and the plurality of wheel cylinders
32FR and 32RL, and a second hydraulic system 70b that
connects the second pressure chamber 56b of the mas-
ter cylinder 34 and the plurality of wheel cylinders 32RR
and 32FL.
[0042] The first hydraulic system 70a is configured by
the first hydraulic pressure passage 58a connecting the
output port 54a of the master cylinder 34 (cylinder tube
38) of the input device 14 and the connection port 20a,
the piping tubes 22a and 22b connecting the connection
port 20a of the input device 14 and the output port 24a
of the motor cylinder device 16, the piping tubes 22b and
22c connecting the output port 24a of the motor cylinder
device 16 and the inlet port 26a of the VSA device 18,
and the piping tubes 22g and 22h connecting the outlet
ports 28a and 28b of the VSA device 18 and the respec-
tive wheel cylinders 32FR and 32RL.
[0043] The second hydraulic system 70b includes the
second hydraulic pressure passage 58b connecting the
output port 54b of the master cylinder 34 (cylinder tube
38) of the input device 14 and the other connection port
20b, the piping tubes 22d and 22e connecting the other
connection port 20b of the input device 14 and the output
port 24b of the motor cylinder device 16, the piping tubes
22e and 22f connecting the output port 24b of the motor
cylinder device 16 and the inlet port 26b of the VSA device
18, and the piping tubes 22i and 22j for connecting the
outlet ports 28c and 28d of the VSA device 18 and the
respective wheel cylinders 32RR and 32FL.
[0044]   The motor cylinder device 16 includes an ac-
tuator mechanism 74 having an electric motor 72 and a
cylinder mechanism 76 urged by the actuator mechanism
74.
[0045] The actuator mechanism 74 is provided on the
output shaft side of the electric motor 72, and provided
with a gear mechanism (decelerating mechanism) 78 for
transmitting the rotational driving force of the electric mo-
tor 72 by engagements between plural gears, and a ball
screw assembly 80 that includes a ball screw shaft 80a,
which moves forward and backward along the axial di-
rection by the transmission of the rotational driving force
through the gear mechanism 78, and balls 80b.
In the present embodiment, the ball screw assembly 80
is housed in an actuator housing 172 together with the
gear mechanism 78.
[0046] The cylinder mechanism 76 includes the cylin-
der main body 82 substantially in a cylindrical shape and
a second reservoir 84 arranged at the cylinder main body
82. The second reservoir 84 is connected by a piping
tube 86 with the first reservoir 36 arranged at the master
cylinder 34 of the input device 14. Brake fluid reserved
in the first reservoir 36 is supplied to the second reservoir
84 through the piping tube 86. Incidentally, a tank for
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reserving brake fluid may be provided for the piping tube
86.
[0047]   The first slave piston 88a and the second slave
piston 88b are slidably arranged inside the cylinder main
body 82, wherein the slave pistons 88a and 88b are sep-
arated from each other with a certain distance along the
axial direction of the cylinder main body 82. The first slave
piston 88a is disposed adjacent to the ball screw assem-
bly 80 side, is in contact with one end portion of the ball
screw shaft 80a, and moves in the direction arrow X1 or
X2 integrally with the ball screw shaft 80a. The second
slave piston 88b is disposed farther than the slave piston
88a from the ball screw assembly 80 side.
Incidentally, in the present embodiment, each of the slave
piston 88a and the slave piston 88b constructs a hydraulic
pressure control piston described in claims.
[0048] The electric motor 72 in the present embodi-
ment is arranged such as to be covered by a motor casing
72a formed separately from the cylinder main body 82,
wherein an output shaft, not shown, is disposed substan-
tially in parallel with the sliding direction (axial direction)
of the slave piston 88a and the slave piston 88b. That is,
the electric motor 72 is disposed such that the axial di-
rection of the output shaft is substantially in parallel with
the axial direction of the hydraulic pressure control pis-
tons.
An arrangement is made such that the rotational driving
of the output shaft, not shown, is transmitted to the ball
screw assembly 80 through the gear mechanism 78.
[0049] The gear mechanism 78 is, for example, con-
figured by a first gear 78a attached to the output shaft of
the electric motor 72, a third gear 78c for rotating the
balls 80b, which makes the ball screw shaft 80a move
forward and backward along the axial direction, with the
axial line of the ball screw shaft 80a as the center, and
a second gear 78b for transmitting a rotation of the first
gear 78a to the third gear 78c, wherein the third gear 78c
rotates around the axial line of the ball screw shaft 80a.
Accordingly, the rotational axis of the third gear 78c is
the ball screw shaft 80a and is parallel to the sliding di-
rection (axial direction) of the hydraulic pressure control
pistons (the first slave piston 88a and the second slave
piston 88b).
As described above, as the output shaft of the electric
motor 72 and the axial direction of the hydraulic pressure
control pistons are substantially parallel to each other,
the output shaft of the electric motor 72 and the rotational
shaft of the third gear 78c are substantially parallel to
each other.
By arranging the rotational axis of the second gear 78b
such to be substantially parallel to the output shaft of the
electric motor 72, the output shaft of the electric motor
72, the rotational axis of the second gear 78b, and the
rotational axis of the third gear 78c are disposed sub-
stantially parallel to each other.
[0050]   With such an arrangement, the electric motor
72 can be disposed at a position with an arbitrary rotation
with the axial line of the first slave piston 88a and the

second slave piston 88b as the rotational center.
[0051] A pair of slave piston packings 90a and 90b are
attached on the outer circumferential surfaces of the first
and second slave pistons 88a and 88b through an annu-
lar stepped portion. A first back chamber 94a and a sec-
ond back chamber 94b are formed, which are respec-
tively communicated with later-described reservoir ports
92a and 92b, are formed between the pair of the slave
piston packings 90a and 90b. Further, a first return spring
96a is arranged between the first and second slave pis-
tons 88a and 88b, and a second return spring 96b is
arranged between the second slave piston 88b and the
side end portion of the cylinder main body 82.
[0052] The cylinder main body 82 of the cylinder mech-
anism 76 is provided with the two reservoir ports 92a and
92b and the two output ports 24a and 24b. In this case,
the reservoir port 92a (92b) is arranged such as to com-
municate with a reservoir chamber, not shown, in the
second reservoir 84.
[0053] A first hydraulic pressure chamber 98a is pro-
vided in the cylinder main body 82 to control the hydraulic
brake pressure that is output from the output port 24a to
the wheel cylinders 32FR and 32RL side. Further, a  sec-
ond hydraulic pressure chamber 98b is provided in the
cylinder main body 82 to control the hydraulic brake pres-
sure that is output from the other output port 24b to the
wheel cylinders 32RR and 32FL side.
[0054] Restricting means 100 is provided between the
first slave piston 88a and the second slave piston 88b to
restrict the maximum stroke (the maximum displacement
distance) and the minimum stroke (the minimum dis-
placement distance) of the slave piston 88a and the slave
piston 88b. Further, the second slave piston 88b is pro-
vided with a stopper pin 102 that restricts the sliding range
of the second slave piston 88b, and inhibits over return
of the slave piston 88b to the slave piston 88a side. Thus,
the restricting means 100 and the stopper pin 102 prevent
a defect of another system at the time of a defect of one
system, particularly at the time of backup when braking
is carried out the master cylinder 34.
[0055] The VSA device 18 is a known one and includes
a first brake system 110a for control of the first hydraulic
system 70a connected to the disk brake mechanisms
30a and 30b (wheel cylinders 32FR and 32RL) for the
right-side front wheel and the left-side rear wheel. Fur-
ther, the VSA device 18 includes a second brake system
110b for control of the second hydraulic system 70b con-
nected to the disk brake mechanisms 30c and 30d (wheel
cylinders 32RR and 32FL) for the right-side rear wheel
and the left-side front wheel. Incidentally, the first brake
system 110a may be formed by a  hydraulic system con-
nected to disk brake mechanisms arranged at the left-
side front wheel and the right-side front wheel, and the
second brake system 110b may be formed by a hydraulic
system connected to disk brake mechanisms arranged
at the left-side rear wheel and the right-side rear wheel.
Further, the first brake system 110a may be formed by
a hydraulic system connected to disk brake mechanisms
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arranged at the right-side front wheel and the right-side
rear wheel on one side of the vehicle body, and the sec-
ond brake system 110b may be formed by a hydraulic
system connected to disk brake mechanisms arranged
at the left-side front wheel and the left-side rear wheel
on the other one side of the vehicle body.
[0056] As the first brake system 110a and the second
brake system 110b have the same structure, the same
reference symbols are assigned to elements correspond-
ing between the first brake system 110a and the second
brake system 110b. In the following, the first brake sys-
tem 110a will be mainly described while describing the
second brake system 110b with bracketed notes.
[0057] The first brake system 110a (the second brake
system 110b) has a first shared hydraulic passage 112
and a second shared hydraulic passage 114 shared by
the wheel cylinders 32FR and 32RL (32RR and 32FL).
The VSA device 18 includes a regulator valve 116, which
is a normal-open type solenoid valve disposed between
the inlet port 26a and the first shared  hydraulic passage
112, a first check valve 118 that is arranged in parallel
with the regulator valve 116 to allow the brake fluid to
flow from the inlet port 26a side to the first shared hy-
draulic passage 112 side (while inhibiting the brake fluid
from flowing from the first shared hydraulic passage 112
side to the inlet port 26a side), and a first invalve 120,
which is a normally open type solenoid valve disposed
between the first shared hydraulic passage 112 and the
first outlet port 28a. Further, the VSA device 18 includes
a second check valve 122 that allows the brake fluid to
flow from the first outlet port 28a side to the first shared
hydraulic passage 112 side (while inhibiting the brake
fluid from flowing from the first shared hydraulic passage
112 side to the first outlet port 28a side), the second check
valve 122 being arranged parallel with the first invalve
120, a second invalve 124, which is a normally open type
solenoid valve disposed between the first shared hydrau-
lic passage 112 and the second outlet port 28b, and a
third check valve 126 that allows the brake fluid to flow
from the second outlet port 28b side to the first shared
hydraulic passage 112 side (while inhibiting the brake
fluid from flowing from the first shared hydraulic passage
112 side to the second outlet port 28b side), the third
check valve 126 being arranged parallel to the second
invalve 124.
[0058] Still further, the VSA device 18 includes a first
outvalve 128, which is a normally closed type solenoid
valve disposed between the first outlet port 28a and the
second shared hydraulic passage 114, a second out-
valve 130, which is a normally closed type solenoid valve
disposed between the  second outlet port 28b and the
second shared hydraulic passage 114, a reservoir 132
connected to the second shared hydraulic passage 114,
a fourth check valve 134 that is disposed between the
first shared hydraulic passage 112 and the second
shared hydraulic passage 114 to allow the brake fluid to
flow from the second shared hydraulic passage 114 side
to the first shared hydraulic passage 112 side (while in-

hibiting the brake fluid from flowing from the first shared
hydraulic passage 112 side to the second shared hydrau-
lic passage 114 side), a pump 136 that is disposed be-
tween the fourth check valve 134 and the first shared
hydraulic passage 112 to supply the brake fluid from the
second shared hydraulic passage 114 side to the first
shared hydraulic passage 112 side, a suction valve 138
and a discharge valve 140 provided before and after the
pump 136, a motor M for driving the pump 136, and a
suction valve 142 disposed between the second shared
hydraulic passage 114 and the inlet port 26a.
[0059] Incidentally, in the first brake system 110a, a
pressure sensor Ph is provided on the hydraulic passage
adjacent to the inlet port 26a to detect the hydraulic brake
pressure having been output from the output port 24a of
the motor cylinder device 16 and controlled by the first
hydraulic pressure chamber 98a of the motor cylinder
device 16. Detection signals detected by the respective
pressure sensors Pm, Pp, and Ph are introduced to con-
trol means, not shown. Further, the VSA device 18 can
perform ABS (Anti- lock brake system) control in addition
to VSA control.
Further, an arrangement also may be made by connect-
ing an ABS unit provided with only an ABS function.
The vehicle brake system 10 in the present embodiment
is basically configured as described above, and the op-
eration and advantages thereof will be described below.
[0060] During normal operation when the vehicle brake
system 10 normally functions, the first shut-off valve 60a
and the second shut-off valve 60b, which are normally
open type solenoid valves, turn into a valve close state
by being magnetically excited, and the third shut-off valve
62, which is a normally closed type solenoid valve, turns
into a valve open state by being magnetically excited.
Accordingly, as the first hydraulic system 70a and the
second hydraulic system 70b are shut off by the first shut-
off valve 60a and the second shut-off valve 60b, it does
not occur that a hydraulic brake pressure generated by
the master cylinder 34 of the input device 14 is transmit-
ted to the wheel cylinders 32FR, 32RL, 32RR, and 32FL
of the disk brake mechanisms 30a-30d.
[0061] At this moment, a hydraulic brake pressure gen-
erated by the second pressure chamber 56b of the mas-
ter cylinder 34 is transmitted through the branched hy-
draulic passage 58c and the third shut-off valve 62 in the
valve open state to the hydraulic pressure chamber 65
of the stroke simulator 64. The hydraulic brake pressure
supplied to the hydraulic pressure chamber  65 displaces
the simulator piston 68 against the spring forces of the
springs 66a and 66b, and a stroke of the brake pedal 12
is thereby allowed and a pseudo petal reaction force is
generated to be applied to the brake pedal 12. As a result,
a brake feeling without a strange feeling for a driver can
be obtained.
[0062] In such a system state, when the control means,
not shown, has detected pedaling of the brake pedal 12
by the operator, the control means drives the electric mo-
tor 72 of the motor cylinder device 16 to urge the actuator
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mechanism 74, and displaces the first slave piston 88a
and the second slave piston 88b toward the direction
arrow X1 in FIG. 1 against the spring forces of the first
return spring 96a and the second return spring 96b. By
the displacements of the first slave piston 88a and the
second slave piston 88b, the hydraulic brake pressures
inside the first hydraulic pressure chamber 98a and the
second hydraulic pressure chamber 98b are increased,
balancing with each other, and a desired hydraulic brake
pressure is thus generated.
[0063] Concretely, the control means, not shown, com-
putes the pedaling operation amount of the brake pedal
12, according to a detection value by the pressure sensor
Pm, and controls the motor cylinder device 16 to generate
a hydraulic brake pressure corresponding to this pedaling
operation amount.
Then, the hydraulic brake pressure generated by the mo-
tor cylinder device 16 is supplied from the inlet ports 26a
and 26b to the VSA device 18. That is, the motor cylinder
device 16 drives the first slave piston 88a and the second
slave piston 88b by the rotational driving force of the elec-
tric motor 72, which rotationally drives by an electric sig-
nal when the brake pedal 12 is operated, generates a
hydraulic brake pressure, according to an operation
amount of the brake pedal 12, and supplies the hydraulic
brake pressure to the VSA device 18.
An electric signal in the present embodiment is a control
signal, for example, for controlling the power to drive the
electric motor 72 or controlling the electric motor 72.
[0064] Incidentally, the manner of computing, by the
control means not shown, a pedaling amount of the brake
pedal 12 from a detection value by the pressure sensor
Pm is not limited, and for example, referring to a map
representing the relationship between a detection value
by the pressure sensor Pm and a pedaling operation
amount of the brake pedal 12, a pedaling operation
amount of the brake pedal 12 according to a detection
value by the pressure sensor Pm may be computed. Such
a map is desired to be set in advance by experimental
measurement or the like during designing.
[0065]   Further, operation amount detecting means
for detecting the pedaling operation amount of the brake
pedal 12 is not limited to the pressure sensor Pm, and
may be, for example, a sensor (stroke sensor or the like)
for detecting the stroke amount of the brake pedal 12.
[0066] These hydraulic brake pressures of the first hy-
draulic pressure chamber 98a and the second hydraulic
pressure chamber 98b in the motor cylinder device 16
are transmitted through the first invalve 120 and the sec-
ond invalve 124 of the VSA device 18 which are in the
valve open state, to the wheel cylinders 32FR, 32RL,
32RR, and 32FL of the disk brake mechanisms 30a-30d.
By operation of the wheel cylinders 32FR, 32RL, 32RR,
and 32FL, desired braking forces are applied to the re-
spective wheels.
[0067] In other words, by the vehicle brake system 10
in the present embodiment, during a normal state when
the motor cylinder device 16 that functions as a dynamic

hydraulic pressure source, control means not shown for
by-wire control, and the like are operable, a so-called
brake by-wire type brake system becomes active wherein
in a state that communication between the master cylin-
der 34, which generates a hydraulic brake pressure by
an operator’s pedaling of the brake pedal 12, and the
disk brake mechanisms 30a-30d (wheel cylinders 32FR,
32RL, 32RR, an32FL) that brake the respective wheels
are shut off by the first shut-off valve 60a and the second
shut-off valve 60b, the disk brake mechanisms 30a-30d
are  operated by the hydraulic brake pressure generated
by the motor cylinder device 16. Accordingly, the present
embodiment can be suitably applied to a vehicle, such
as an electric vehicle or the like, in which a negative pres-
sure that could be caused by a conventional internal com-
bustion engine does not exist.
[0068] On the other hand, during an abnormal state
when the motor cylinder device 16 or the like is inoper-
able, a so-called conventional hydraulic type brake sys-
tem becomes active, wherein the first shut-off valve 60a
and the second shut-off valve 60b are respectively made
in a valve open state, and the third shut-off valve 62 is
made in a valve close state so as to transmit a hydraulic
brake pressure generated by the master cylinder 34 to
the disk brake mechanisms 30a-30d (wheel cylinders
32FR, 32RL, 32RR, 32FL) and thereby operate the disk
brake mechanisms 30a-30d (wheel cylinders 32FR,
32RL, 32RR, and 32FL).
[0069] For example, a hybrid automobile or an electric
automobile, which includes a running electrical machine
(running motor), can be provided with a regenerative
brake for generating a braking force by regenerating pow-
er by an electrical machine for running. In a case of ar-
rangement such that, when the brake pedal 12 is oper-
ated, a braking force is generated by a regenerative brake
in addition to a braking force generated by the disk brake
mechanisms 30a-30d, if the wheel cylinders 32FR, 32RL,
32RR, and  32FL are made operate with hydraulic brake
pressure generated by the first pressure chamber 56a
and the second pressure chamber 56b of the master cyl-
inder 34, the brake force generated by the regenerative
brake becomes an excessive braking force, and a brak-
ing force larger than a braking force that the operator
intends to generate is generated.
[0070] In order to avoid such a state, the control means,
not shown, preferably generates a hydraulic brake pres-
sure by the motor cylinder device 16 such as to combine
a braking force generated by the disk brake mechanism
30a-30d and a braking force generated by the regener-
ative brake, thereby generating a satisfactory braking
force. A satisfactory braking force can be generated by
providing a hybrid automobile or an electric automobile
with the vehicle brake system 10 controlled by control
means in such a manner.
[0071] In case that the vehicle brake system 10 with
such an arrangement is mounted on a vehicle, for exam-
ple as shown in FIGS. 2 and 3, the input device 14, the
motor cylinder device 16, and the VSA device 18 are

13 14 



EP 2 641 795 A1

9

5

10

15

20

25

30

35

40

45

50

55

configured in separate bodies and disposed in a housing
room (power plant housing room 2a), in which the power
plant 2 of the vehicle 1 is housed, in a state of being
appropriately dispersed, thus being attached to the hous-
ing room. The power plant 2 is a vehicle power unit for
generating a power for running the vehicle 1, and is an
internal combustion engine, a running  electric machine
provided on an electric automobile, an integrated unit of
an internal combustion engine and a running electric ma-
chine provided on a hybrid automobile, or the like.
[0072] The power plant housing room 2a is formed, for
example on the front side of the vehicle 1, being parti-
tioned by a living space (cabin 3) for an operator and
other passengers and a dashboard 3a. The power plant
housing room 2a houses the power plant 2, the vehicle
brake system 10 (the input device 14, the motor cylinder
device 16, the VSA device 18), and in addition, auxiliary
units, not shown, Further, on the top of the power plant
housing room 2a, a housing room cover 2b is arranged
being openable/closeable.
Front side members 7 extend on the left and right sides
of the power plant housing room 2a, wherein the front
side members 7 are arranged, extending along the front/
rear direction on the left and right sides of the vehicle 1.
[0073] Incidentally, the respective directions rear/
front, upper/ lower, and left/ right represent the rear/ front,
upper/ lower, and left/ right directions of the vehicle 1.
For example, the upper/ lower direction (vehicle upper/
lower direction) refers to the vertical direction at the ve-
hicle 1 on a horizontal plane, and the left/ right direction
refers to the left/ right direction in a view from the rear
toward the front of the vehicle 1.
[0074] The power plant 2 is disposed between the left/
right front side members 7 in the power plant housing
room 2a, and is supported by an antivibration support
device 8 fixed to a sub-frame, not shown. A space is
formed in the left/right direction between the left/right
front side members 7 and the power plant 2.
Further, a space is formed above the power plant 2 be-
tween the power plant 2 and the housing room cover 2b.
[0075] In the present embodiment, the input device 14,
the motor cylinder device 16, and the VSA device 18,
which are configured in separate bodies, are housed in
the power plant housing room 2a, and the motor cylinder
device 16 is attached such that a part of the cylinder main
body 82 is disposed in a space formed between the power
plant 2 and the housing room cover 2b. Further, the elec-
tric motor 72 is disposed lower than the cylinder main
body 82. That is, the power plant 2 and the cylinder main
body 82 are disposed such as to overlap with each other
at least partially with respect to the vehicle upper/lower
direction.
[0076] Incidentally, in the present embodiment, a state
that the electric motor 72 is disposed lower than the cyl-
inder main body 82 refers to a state that the electric motor
72 is disposed such that the axial line of the output shaft
(not shown), which is disposed substantially parallel to
the axial  direction of the first slave piston 88a and the

second slave piston 88b (the hydraulic pressure control
pistons) on either the left side or right side of the vehicle
1 (see FIG. 2), shown in FIG. 1, is lower in the vehicle
upper/ lower direction than the axial line of the first slave
piston 88a and the second slave piston 88b.
[0077] As shown in FIG. 4, the motor cylinder device
16 in the present embodiment is structured such that the
actuator housing 172, which houses the gear mechanism
78 (see FIG. 1) and the ball screw assembly 80 (see FIG.
1), and the cylinder main body 82 are dividable with the
plane substantially perpendicular to the axial line of the
cylinder main body 82 as a dividing plane. The motor
cylinder device 16 is structured such that the cylinder
main body 82 is connected to the actuator housing 172,
and the electric motor 72 is attached to the actuator hous-
ing 172.
[0078] The cylinder main body 82 is connected to the
front of the actuator housing 172. Concretely, the actu-
ator housing 172 is provided with an opening portion 172a
opening forward through which the ball screw shaft 80a
forward protrudes. The cylinder main body 82 is connect-
ed with the front of the actuator housing 172 wherein a
hollow portion (not shown), in which the first slave piston
88a (see FIG. 1) and the second slave piston 88b (see
FIG. 1) slide, communicates with the opening portion
172a.
[0079]   For example, the actuator housing 172 is ar-
ranged such that a flange portion 175 formed by exten-
sion of the periphery of the opening portion 172a in the
left/right direction, and, for example, two screw holes 176
are open through the flange portion 175.
On the other hand, the end portion of the cylinder main
body 82, the end portion being on the actuator housing
172 side, is also extending in the left/right direction to
form a flange portion 820. The flange portion 820 is pro-
vided with cylinder attaching holes 821 at the positions
corresponding to the screw holes 176 of the actuator
housing 172.
The flange portion 820 of the cylinder main body 82 and
the flange portion 175 of the actuator housing 172 are
disposed such as to face each other, and fastening mem-
bers 822, such as bolts, are screwed into the screw holes
176 through the cylinder attaching holes 821 from the
cylinder main body 82 side so that the cylinder main body
82 is fixed to the actuator housing 172 by fastening.
[0080] In such a manner, the cylinder main body 82 is
connected to the front of the actuator housing 172, and
the ball screw shaft 80a protruding from the opening por-
tion 172a contacts with the first slave piston 88a (see
FIG. 1) inside the cylinder main body 82.
[0081] Further, the electric motor 72 is attached, below
the cylinder main body 82, to the actuator housing 172
such that the axial direction of the  output shaft, not
shown, is parallel to the axial direction of the first slave
piston 88a (see FIG, 1) and the second slave piston 88b
(see FIG. 1), in other words, the axial direction of the
cylinder main body 82.
[0082] For example, the second gear 78b (see FIG. 1)
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is disposed lower than the third gear 78c (see FIG. 1),
and the actuator housing 172 is extending downward to
house the third gear 78c and the second gear 78b. Fur-
ther, the actuator housing 172 has a first gear room 172b
in which the first gear 78a is housed such as to be en-
gageable with the second gear 78b, wherein the first gear
room 172b is open at the front and disposed lower than
the second gear 78b.
The electric motor 72 is attached to the actuator housing
172 from front such that the first gear 78a (see FIG. 1)
attached to the output shaft, not shown, is housed in the
first gear room 172b and engages with the second gear
78b.
[0083] The structure where the electric motor 72 is at-
tached to the actuator housing 172 is not limited thereto.
For example, the motor casing 72a has a structure where
the end portion on the actuator housing 172 side extends
peripherally to form a flange portion 161, and the flange
portion 161 is provided with motor attaching holes 162
which fastening members 162a, such as bolts, penetrate
through.
The actuator housing 172 has screw holes 174 at the
positions corresponding to the motor attaching holes 162.
The electric motor 72 is attached to the actuator housing
172 from the front side (the same side as the side where
the cylinder main body 82 is connected) such that the
output shaft (not shown) to which the first gear 78a (see
FIG. 1) is attached is substantially parallel with the axial
direction of the cylinder main body 82 and the first gear
78a is housed in the first gear room 172b to engage with
the second gear 78b (see FIG. 1). Further, the fastening
members 162a are screwed into the screw holes 174
through the motor attaching holes 162 from the electric
motor 72 side, and the motor casing 72a is thus fixed to
the actuator housing 172 by fastening.
[0084] By this arrangement, the cylinder main body 82
and the electric motor 72 are disposed on the same side
of the actuator housing 172.
In such a manner, the motor cylinder device 16 in the
present embodiment is arranged such that the cylinder
main body 82 is connected to the actuator housing 172,
and further, the electric motor 72 is attached such as to
be disposed lower than the cylinder main body 82.
[0085] If the electric motor 72 is disposed lower than
the cylinder main body 82 in such a manner, it may occur
that a foreign object or matter such as a pebble or gravel
bounce up into the power plant housing room 2a from
below mainly from a road surface when the vehicle 1
runs, or water splashes  into the power plant housing
room 2a from below when the vehicle 1 runs on a puddle,
and the electric motor 72 is thus hit.
[0086] In this situation, for example, arrangement may
be made such that a guard member (an under-guard 9)
in a plate shape is attached under the electric motor 72
so that a foreign object or matter such as a pebble, gravel,
water splash or the like, which is bounced up by running
of the vehicle 1 to enter the power plant housing room
2a, does not hit the electric motor 72. Such an under-

guard 9 can be formed integrally, for example, with a
bracket 2a1.
[0087] The motor cylinder device 16 is, for example,
attached to the dashboard 3a of the power plant housing
room 2a through the bracket 2a1. The structure of fixing
the motor cylinder device 16 in the power plant housing
room 2a is not limited, and may be a structure of attaching
the motor cylinder device 16 to a sub-frame, not shown,
or the like.
As an example, the motor cylinder device 16 may be
attached to a bracket 2a1 formed as shown in FIG. 5.
[0088] For example, fixing bosses 82a protruding in
the left/right direction, in which a screw hole 82a1 is proc-
essed, are formed on the cylinder main body 82 of the
motor cylinder device 16.
The bracket 2a1 is substantially in a U-shape opening
upward in a view from the front, and sandwiches the fixing
boss 82a of the cylinder main body 82 from the left/right
sides. Further, a notch portion (or a penetration hole) 200
is formed at a position corresponding to the screw hole
82a1 of the fixing boss 82a.
Arrangement can be made such that a fastening member
201, such as a bolt, passes through the notch portion (or
the penetration hole) of the bracket 2a1 and is screwed
into a screw hole 82a1 of the sandwiched fixing boss 82a
through a buffer member 202 or the like so that the motor
cylinder device 16 is fixed to the bracket 2a1 by the fas-
tening member 201.
The number of fixing boss 82a formed on the cylinder
main body 82 is not limited, and more than one fixing
boss 82a may be formed per side.
Incidentally, it is preferable that the bracket 2a1 is formed,
extending at the lower portion thereof to be disposed un-
der the electric motor 72, and the under-guard 9 is formed
there.
Symbol 72b represents an electric cable for supplying
electrical signals fo the electric motor 72.
[0089] The bracket 2a1 formed in such a manner is
fixed to, for example, the dashboard 3a (see FIG. 2) of
the power plant housing room 2a (see FIG. 2), and the
motor cylinder device 16 is thereby disposed in the power
plant housing room 2a.
[0090] The motor cylinder device 16 disposed in the
power plant housing room 2a in such a manner is at-
tached, for example, such that the longitudinal direction
of the cylinder main body 82 faces forward and a part or
the entire of the cylinder main body 82 is disposed higher
than the power plant 2. That is, the motor cylinder device
16 is attached such that at least a part of the cylinder
main body 82 overlaps with the power plant 2 with respect
to the vehicle upper/lower direction.
As described above, as a space is formed between the
power plant 2 and the housing room cover 2b, the cylinder
main body 82 is disposed in this space, and it is thereby
possible to avoid interference between the cylinder main
body 82 and the power plant 2 or the housing room cover
2b.
[0091] The space formed above the power plant 2 is
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often a space with a small capacity due to effects of other
auxiliary units or the like, namely a so-called dead space.
In contrast, in the present embodiment, regarding the
motor cylinder device 16, the cylinder main body 82 side
with a relatively small volume is disposed toward this
space, and the space can thereby be used as a space
where at least a part of the cylinder main body 82 is dis-
posed. Thus, the space in the power plant housing room
2a can be effectively used.
In such a manner, at least a part of the motor cylinder
device 16 in the present embodiment is disposed in the
space which could easily become  a dead space, and
the motor cylinder device 16 can be disposed in the power
plant housing room 2a with a high space efficiency.
[0092] Further, the electric motor 72 disposed lower
than the cylinder main body 82 may be, as shown in FIG.
6, disposed at a position to which the electric motor 72
is rotated, with the axial line of the cylinder main body 82
as the center of rotation, toward the space side formed
between the power plant 2 and a front side member 7,
namely, in the direction going away from the power plant
2.
By this arrangement, for example, the downward protru-
sion amount of the motor cylinder device 16 due to the
electric motor 72 can be made small, and even in a case
that the space along the vehicle upper/ lower direction
formed above the power plant 2 between the power plant
2 and the housing room cover 2b (see FIG. 2) is small,
the motor cylinder device 16 can be disposed in the
space.
[0093] Further, as the electric motor 72 is disposed in
the space formed between the power plant 2 and the
front side member 7, the space formed between the pow-
er plant 2 and the front side member 7 can be effectively
used.
Also in this point, the motor cylinder device 16 can be
disposed in the power plant housing room 2a with a high
space efficiency.
[0094] Further, in the present embodiment, as the elec-
tric motor 72 is disposed lower than the cylinder main
body 82, the electric cable 72b for supplying electrical
signals to the electric motor 72 is wired below the cylinder
main body 82. Accordingly, for example, during a work
of attaching the cylinder main body 82 to the power plant
housing room 2a from above, events that disturb the
work, such as clinging of the electric cable 72b to the
cylinder main body 82, do not occur, and the workability
is thereby improved.
[0095] Further, as the heavy electric motor 72 is dis-
posed lower than the cylinder main body 82, the weight
of the motor cylinder device 16 is appropriately distribut-
ed so that the motor cylinder device 16 is disposed in the
power plant housing room 2a, stably with an excellent
weight balance.
[0096] Further, as the electric motor 72 is disposed
lower than the cylinder main body 82, it is not necessary
to ensure a space for disposing the electric motor 72 in
the left/ right direction of the cylinder main body 82, which

improves the space efficiency.
[0097] Incidentally, in case that the power plant 2 and
even a part of the cylinder main body 82 cannot be dis-
posed, overlapping with each other with  respect to the
vehicle upper/ lower direction, such as a case that the
space formed between the power plant 2 and the housing
room cover 2b (see FIG. 2) is narrow, the motor cylinder
device 16 may be disposed, for example, on the left side
(or the right side) of the power plant 2 as shown in FIG.
7 (a) and (b) . That is, the motor cylinder device 16 may
be disposed in the space formed between the power plant
2 and the front side member 7. Still further, the motor
cylinder device 16 may be disposed in the power plant
housing room 2a such that the longitudinal direction (axial
direction) of the cylinder main body 82 faces forward, and
the axial direction of the first slave piston 88a (see FIG.
1) and the second slave piston 88b (see FIG. 1) is along
the extending direction of the front side member 7. Also
in this case, as shown in FIG 7 (b), the electric motor 72
is preferably disposed lower than the cylinder main body
82.
[0098] Yet further, as shown in FIG. 7(b), the electric
motor 72 may be disposed at a position rotated, with the
axial line of the cylinder main body 82 as the center of
rotation, in the direction getting away from the power plant
2, in other words, in the direction toward the outer side
of the vehicle 1. As the axial direction of the cylinder main
body 82 agrees with the axial direction of the first slave
piston 88a (see FIG. 1) and the second slave piston 88b
(see FIG. 1), the electric motor 72 is disposed at a position
rotated in the direction getting away from the power plant
2, with the axial line of the first slave piston 88a and the
second slave piston 88b as the center of rotation.
[0099] If the electric motor 72 is disposed in such a
manner, a desirable gap is formed between the power
plant 2 and the electric motor 72 so that transfer of the
heat of the power plant 2 to the electric motor 72 is in-
hibited, and rising in temperature of the electric motor 72
caused by heat generation by the power plant 2 can be
inhibited. Further, when the vehicle 1 (see FIG.2) runs,
as air flowing into the power plant housing room 2a flows
in the periphery of the electric motor 72, the electric motor
72 can be effectively cooled.
[0100] As described above, when the motor cylinder
device 16 (see FIG. 2) is disposed in the power plant
housing room 2a (see FIG. 2), in the vehicle brake system
10 (see FIG. 1) in the present embodiment, at least a
part of the cylinder main body 82 (see FIG. 2) is disposed
in the space formed above the power plant 2 (see FIG.
2) between the power plant 2 and the housing room cover
2b (see FIG. 2). Further, the electric motor 72 (see FIG.
2) is disposed lower than the cylinder main body 82.
By this arrangement, the space formed above the power
plant 2 is effectively used, and the motor cylinder device
16 is disposed in the power plant housing room 2a with
a high space efficiency. Further, the workability of dis-
posing the cylinder main body 82 in the power plant hous-
ing room 2a can be improved.

19 20 



EP 2 641 795 A1

12

5

10

15

20

25

30

35

40

45

50

55

Still further, as the heavy electric motor 72 is disposed
lower than the cylinder main body 82, the motor cylinder
device 16 can be disposed in a stable state in the power
plant housing room 2a.
[0101] Yet further, in case that the power plant 2 and
even a part of the cylinder main body 82 cannot be dis-
posed, overlapping with each other with respect to the
vehicle upper/lower direction, such as a case that the
space formed between the power plant 2 (see FIG. 2)
and the housing room cover 2b (see FIG. 2) is narrow,
arrangement may be made such that the motor cylinder
device 16 is disposed, for example, on the left side (or
the right side) of the power plant 2 as shown in FIG. 7(a)
and (b), and the electric motor 72 is disposed lower than
the cylinder main body 82. That is, the motor cylinder
device 16 may be disposed in the space formed between
the power plant 2 and the front side member 7. Further,
the motor cylinder device 16 may be disposed in the pow-
er plant housing room 2a such that the longitudinal di-
rection (axial direction) of the cylinder main body 82 faces
forward, and the axial direction of the first slave piston
88a (see FIG. 1) and the second slave piston 88b (see
FIG. 1) is along the extending direction of the front side
member 7. Also in this case, as shown in FIG 7(b), the
electric motor 72 is preferably disposed lower than the
cylinder main body 82.
[0102] Still further, as shown in FIG. 7(b), the electric
motor 72 may be disposed at a position rotated, with the
axial line of the cylinder main body  82 as the center of
rotation, in the direction getting away from the power plant
2, in other words, in the direction toward the outer side
of the vehicle 1. As the axial direction of the cylinder main
body 82 agrees with the axial direction of the first slave
piston 88a (see FIG. 1) and the second slave piston 88b
(see FIG. 1), the electric motor 72 is disposed at a position
rotated in the direction getting away from the power plant
2, with the axial line of the first slave piston 88a and the
second slave piston 88b as the center of rotation.
[0103] By this arrangement, the motor cylinder device
16 can be disposed in the space between the power plant
2 and the front side member 7, and the space in the power
plant housing room 2a can be effectively used. Further,
the electric motor 72 can be inhibited from rising in tem-
perature due to heat generation by the power plant 2,
and the electric motor 72 can be further effectively cooled.

Description of Reference Symbols

[0104]

1.. vehicle
2.. power plant (vehicle power unit)
2a.. power plant housing room (housing room)
2a1.. bracket
7.. front side member
9.. under-guard (guard member)
10.. vehicle brake system
12.. brake pedal (brake operation section)

14.. input device
16.. motor cylinder device (electric brake actuator)
72.. electric motor
72a.. motor casing
82.. cylinder main body
88a.. first slave piston (hydraulic pressure control
piston)
88b.. second slave piston (hydraulic control piston)

Claims

1. A vehicle brake system, comprising:

an input device to which braking operation by
an operator is input; and
an electric brake actuator for generating a hy-
draulic brake pressure by driving a hydraulic
pressure control piston housed in a cylinder
main body by an electric motor, according to at
least the braking operation,
wherein the input device and the electric brake
actuator are mounted on a vehicle,
and wherein the electric motor is disposed lower
than the cylinder main body.

2. The vehicle brake system according to claim 1,
wherein the input device and the electric brake ac-
tuator are arranged separately,
and wherein at least the electric brake actuator is
disposed in a housing room in which a vehicle power
unit is housed.

3. The vehicle brake system according to claim 2,
wherein the electric motor is disposed in a space
formed between the vehicle power unit, the vehicle
power unit being disposed between front side mem-
bers that extend  along a front and rear direction on
a left side and a right side of the vehicle, and either
one of the front side members.

4. The vehicle brake system according to claim 3,
wherein the cylinder main body is disposed in a
space formed between the vehicle power unit and
either one of the front side members such that an
axial direction of the hydraulic pressure control pis-
ton is along an extending direction of the either one
of the front side members.

5. The vehicle brake system according to claim 4,
wherein the electric motor of the electric brake actu-
ator is disposed at a position rotated in a direction
getting away from the vehicle power unit, with an
axial line of the hydraulic pressure control piston as
a center, such that the axial direction of the hydraulic
pressure control piston and an output shaft of the
electric motor are substantially parallel to each other.
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6. The vehicle brake system according to claim 2,
wherein at least one portion of the cylinder main body
is disposed such as to overlap with the vehicle power
unit with respect to an upper and lower direction of
the vehicle.

7. The vehicle brake system according to claim 6,
wherein the at least one portion of the cylinder main
body is disposed higher than the vehicle power unit.

8. The vehicle brake system according to claim 3,
wherein at least one portion of the cylinder main body
is disposed such as to overlap with the vehicle power
unit with respect to an upper and lower direction of
the vehicle.

9. The vehicle brake system according to claim 8,
wherein the at least the one portion of the cylinder
main body is disposed higher than the vehicle power
unit.

10. The vehicle brake system according to any one of
claims 1 to 9, comprising:

a guard member for protecting the electric motor
from an object that is bounced up by running of
the vehicle.

11. The vehicle brake system according to claim 10,
wherein the guard member is formed integrally with
a bracket for attaching the electric brake actuator to
the vehicle.

Amended claims under Art. 19.1 PCT

1. (Amended) A vehicle brake system, comprising:

an input device to which braking operation by
an operator is input; and
an electric brake actuator for generating a hy-
draulic brake pressure by driving a hydraulic
pressure control piston housed in a cylinder
main body by an electric motor, according to at
least the braking operation,
wherein the input device and the electric brake
actuator are mounted on a vehicle,
and wherein the electric motor is disposed lower
than the cylinder main body, being offset in a left
or right direction with respect to an axial line of
the hydraulic pressure control piston.

2. (Deleted)

3. (Deleted)

4. (Deleted)

5. (Deleted)

6. (Deleted)

7. (Deleted)

8. (Deleted)

9. (Deleted)

10. (Deleted)

11. (Deleted)

12. (Added) The vehicle brake system according to claim
1, wherein the electric motor is disposed between a
vehicle power unit, the vehicle power unit being dis-
posed between front side members that extend
along a front and rear direction on a left side and a
right side of the vehicle, and either one of the front
side members.

13. (Added) The vehicle brake system according to claim
12, wherein the electric motor of the electric brake
actuator is disposed, being offset in a direction get-
ting away from the vehicle power unit, with an axial
line of the hydraulic pressure control piston as a cent-
er, such that an axial direction of the hydraulic pres-
sure control piston and an output shaft of the electric
motor are substantially parallel to each other.

14. (Added) A vehicle brake system, comprising:

an input device to which braking operation by
an operator is input; and
an electric brake actuator for generating a hy-
draulic brake pressure by driving a hydraulic
pressure control piston housed in a cylinder
main body by an electric motor, according to at
least the braking operation,
wherein the input device and the electric brake
actuator are mounted on a vehicle,
wherein the electric motor is disposed lower than
the cylinder main body,
and wherein a guard member for protecting the
electric motor from an object bounced up by run-
ning of the vehicle is provided, being formed in-
tegrally with a bracket for attaching the electric
brake actuator to the vehicle.

Statement under Art. 19.1 PCT

1. Content of Amendment

(1) Claim 1 is amended, based on the specification,
etc. Further, claims 2 to 11 are deleted, and claims
12 to 14 are newly added.
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2. Reason

(1) The amendment of claim 1 is based on the de-
scription in paragraph 0092 and FIG. 6 of the spec-
ification, and no new matter is added.
Claim 12 is based on the description in paragraphs
0074 and 0097 of the specification.
Claim 13 is based on the description of original claim
5, and the description in paragraph 0092 and FIG. 7
of the specification. Claim 14 is based on original
claims 1, 10, and 11.

(2) In Documents 1 to 4, there is no description about
disposing a motor with an offset from the axial line
of a cylinder in the left or right direction.

(3) Accordingly, an aspect, of the invention, accord-
ing to amended claim 1 is clearly different from the
inventions described in Documents 1 to 4,  having
novelty and inventive step. Claims 12 and 13 are
both dependent on claim 1, accordingly having nov-
elty and inventive step.

(4) Claim 14 is equivalent to original claim 11, ac-
cordingly having novelty and inventive step.
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