wo 2013/144702 A2 ||V 00O 00000 O A

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

3 October 2013 (03.10.2013)

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2013/144702 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72)
1

International Patent Classification: Not classified

International Application Number:
PCT/IB2013/000520

International Filing Date:
27 March 2013 (27.03.2013)

Filing Language: English
Publication Language: English
Priority Data:

2012-080104 30 March 2012 (30.03.2012) JP

Applicants (for all designated States except US):
TOYOTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP). AD-
VICS CO., LTD. [JP/JP]; 2-1 SHOWA-CHO KARIYA-
CITY AICHI-PREF. 448-8688 (JP).

Inventors; and

Applicants (for US only): KAMIYA, Yusuke [JP/JP]; ¢/o
TOYOTA JIDOSHA KABUSHIKI KAISHA, of 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471 -8571 (JP).
SAKAIL, Akira [JP/JP]; ¢/o TOYOTA JIDOSHA KA-
BUSHIKI KAISHA, of 1, Toyota-cho, Toyota-shi, Aichi-

(8D

ken, 471-8571 (JP). UCHIDA, Kiyoyuki [JP/JP]; c/o
TOYOTA JIDOSHA KABUSHIKI KAISHA, of 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).
MARUYAMA, Masaki [JP/JP]; ¢/o ADVICS CO., LTD.,
of 2-1 SHOWA-CHO KARIYA-CITY AICHI-PREF., 448-
8688 JAPAN (JP). MASUDA, Yoshio [JP/JP]; c/o AD-
VICS CO., LTD., of 2-1 SHOWA-CHO KARIYA-CITY
AICHI-PREF., 448-8688 JAPAN (JP). NIINO, Hiroaki
[JP/JP]; c¢fo ADVICS CO., LTD., of 2-1 SHOWA-CHO
KARIYA-CITY AICHI-PREF., 448-8688 JAPAN (JP).
KUROKAWA, Takashi [JP/JP]; ¢/o ADVICS CO.,LTD.,
of 2-1 SHOWA-CHO KARIYA-CITY AICHI-PREF., 448-
8688 JAPAN (JP).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(54) Title: CYLINDER DEVICE AND HYDRAULIC BRAKE SYSTEM

FIG.9

BRAKE swrE
282 ON CLOSED
RESERVOIR _ | OFF OPEN
SHUTOFF
VikeE nin
FI
COMMUN! OFF CLOSED ON OPEN
“CATION
DUTY
CONTROL CONTROL
152 SECOND | SWITGHIN
ECONI ITCHING ™" FIRST STATE
CHANGE
SUPPRESSION

(57) Abstract: When a brake switch (282) is switched
from OFF to ON, current is applied to a brake ECU, and a
command to switch a master cylinder from a second state
to a first state is issued after a lapse of preparation time, so
that switching-time change suppression control is per-
formed. A reservoir shutoff valve (156) is closed, and duty
control is performed on a communication control valve
(152). The duty ratio is set to 1 when a switching-time
control duration expires, and the communication control
valve (152) is placed in an open position, to establish the
first state. Thus, since the communication control valve
(152) is duty-controlled during switching from the second
state to the first state, change in the hydraulic pressure of
an input chamber is suppressed, and change of the operat-
ing feeling is suppressed.
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CYLINDER DEVICE AND HYDRAULIC BRAKE SYSTEM

BACKGROUND OF THE INVENTION

1. Fiéld of the Invention

[0001] The invention relates to a cyliﬁder device including a master cylinder

provided in a vehicle, and a hydraulic brake system including the cylindef device.

2. ‘Description of Related Art

[0002] A hydraulic brake system described in'Japanese Patent Application
Publication No. 2011-156998 (JP 2011-156998 A) includes a master cylinder, brake

cylinderé of hydraulic brakes that hydraulically curb or control rotation of vehicle wheels,

‘a pressure-increasing mechanism capable of increasing the hydraulic pressure of a

' pressurizing chamber of the master cylinder, an accumulator, an electric hydraulic control

device including a solenoid control valve capable of controlli‘ng the hydraulic pressure of
the accumulator, and a hydraulic pressure supply switching device. When a control
system of the system is in a normal condition, the hydraulic pressure supply switching
device. disconnects the brake cylinders from the pressure-increasing mechanism and the
master cylinder, and supplies a hydraulic pressure of the electric hydraulic pressure control
dévice as a controlled pressure to the brake cylinders. When the control system is in an
abnormal condition, the hydraulic pressure supply switching device disconnects the brake

cylinders from the accumulator, and sﬁpplies a hydraulic pressure of the

pressure-increasing mechanism as a manual hydraulic pressure to the brake cylinders.

SUMMARY OF THE INVENTION

[0003] In view of the above-indicated publication, the invention provides an
improved cylinder device including a master cylinder, and an improved hydraulic brake
system including the cylinder device. For example, the invention provides a cylinder

device and a hydraulic brake system, which are less likely to suffer from inconveniences
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that would arise when the master cylinder is switched between a first state and a second
state; |

[0004) The cylinder device according to the invention includes ainaster C}ilinder |
having a pressurizing piston, and an input piston linked with a brake operating member, -
and a mas‘ger—cylinder state switching deviee is configured to switch the master cylinder
between a first state in which the input piston is allowed to move relative to the
pressurizing piston, and a second state in which the input piston is inhibited from moving
relatiVe to the pressurizing piston, and the master-cylinder state switching device includes
a switching-time change suppression unit that suppresses change in the operating feeling of
the brake ,operating member when the master cylinder is switched between the first state
and the se‘cend state.

[0005] The “operating feeling” is determined by the relationship between the
operating stroke of the brake operating member and operating ‘force epplied to the brake
operating rhember. Vi/hen the brake operating member is operated while the- master
cylinder is in the first state, the input piston is moved relative to the pressurizing piston.
For example, in the case where a spring is provideci between the input piston and the
pressurizing piston (for example, where a stroke simulator is constituted by the input piston,

pressurizing piston, spring, etc.), or the case where a stroke simulator is connected to a

fluid chamber between the input piston and the pressurizing piston, the operating feeling of

the brake operating member is determined by the stroke simulator (corresponding to the '
stroke simulator constituted by the input piston, pressurizing piston, spring, etc., or the

stroke simulator connected to the fluid chamber between the input piston and the

. pressurizing chamber). When the brake operating member is eperated while the master

cylinder is in the second state, the input piston is moved, and the pressurizing piston is

moved in accordance with the movement of the input piston. The operating feeling of the

brake operating member is determined by a return spring, or the like, of the pressurizing
piston. ‘
[0006] Thus, the operating feeling of the brake operating member differs

depending on whether the master cylinder is in the first state or the second state.
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Therefore, if the master cylinder is switched between the first state and the second state,
the operating feeling changes, and the driver feels uncomfortable or has a feeling of
strangeness. Also, when the master cylinder is switched between the first state and the

second state, a pedal shock may occur such as when the brake operating member sinks

down or reaction force rapidly changes. In the cylinder device according to the invenﬁon,

on the other hand, change in the operating feeling during switching between the first state

and the second state is suppressed or reduced, thus ‘making it possible to alleviate the

feeling of strangeness or discomfort of the driver, and reduce the pedal shock.

[0007]  In the following, the present invention, or features of the invention, will be
described.

[0008] Accérding to one aspect of the invention, a cylinder device is provided
which includes a master cylinder including a housing, a pressurizing piston that is
fluid-tightly and slidably fitted in the housing and operable to generate a hydraulic pressure
in a front pressurizing chamber, an input piston linked with a brake operating member and
fluid-tightly and slidably fitted in the housing, to be located in the rear of the pressurizing
piston, and an input chamber pro‘vided‘ between the input piston and the pressurizing piston,
and a master-cylinder state switching device that is configured to switch the master
cylinder between a first state in ' which the ‘in_put piston is allowed to move relative to thé
pressurizing piston, and a second state in which the input piston is inhibited from moving
reiative to the pressurizing piston. The master-cylinder state switching device includes a
switching-time change suppression unit configured to suppress at least one of volumetric

change and hydraulic pressure éhange of the input chamber during switching between the

first state and the second state.

[0009] | For example, the relationship between the op;:rating force applied to the
brfaike operating member and the operating stroke in each of the cases where the master
cylinder is in the first étate and where the maétér cylinder is in the second state fnay be
determined so that the proportioﬁ of the operating stroke to the operating force is larger in
the first state than that in the second state. In this case, when the master cylinder is

switched from the second state to the first state, the operating stroke may be rapidly
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increased if the operating force is constant, or the reaction force may be rapidly reduced if

v‘the operating stroke is constant. If, on the other hand, at least one of change in the

volume of the input chamber when the operating force is constant, and chahge in the
hydraulic pressure of the input chamber when the oberating stroke - is constant, is
suppressed or reduced when the master cylinder is switched from the second state to the
first state, change of the operating feeling can be suppressed, in other words, the operating
feeling is less likely to change. In this conne‘ction, “suppress” means reducing volumetric
change or hydfaulic pressure change, as compared with the case where control is not
perfdrmed by the switching-time change suppression unit. Also, “suppress volumetric
change” or “suppress hydraulic pressure change” means, for example, reducing the rate of
change. | _

[0010] In the cylinder device as described above, thé relationship between the
bperating force applied to the brake operating member and the operating stroke in the first

state may be such that the proportion of the operating stroke to the operating force is larger

‘than that in the second state.

[0011] In the cylinder device as described abové, the pressurizing piston includes
a front piston portion opposed to the front pressurizing chamber, and a middle piston‘
portion provided in a middle portion thereof and hai/ing a largep diameter than a diameter
of the front piston portion, and the master cylinder includes an annular éhamber provided .
in fronf of the middle pistdn portion. The master-cylinder state switching device 1is
configured to cbmmunicate the input chamber with the annular chamber in the first state,
and shut off the input chamber from the annular chamber and comrﬁunicate the annular
chamber with a low-pressure source in the second state. The switching-time change‘

suppression unit includes an input chamber communication control unit configured to

" control a condition of communication between the input chamber and the annular chamber

when the master cylinder is switched from the second state to the first state.
[0012] While the annular chamber is in communication with the low—préssure
source in the second state, the input chamber is in communication with the annular

chamber in the first state. Therefore, when the master cylinder is switched from the



10

15

20

25

WO 2013/144702 PCT/IB2013/000520

5

second state to the first state, the volume of the input chamber may be reduced, or the
hydraulic pressure of the 'inpﬁt chamber may be reduced. On the other hand, if a
condition of communication between the input chamber and the annular chamber is
controlled when the master cylinder is switched ffom the second state to the first state,
reduction of the volume of the input chamber may be suppressed, or reduction of the
hydraulic pressure may be suppressed. |

[0013] Here, in the cylinder devicé, the master—cylinder"state switching device
may communicate the annular chamber with the input chamber and shut off the annular
‘chamber and the input chamber from the low-pressure source in the first state. |

[0014) The master-cylinder state switching device may communicate the annﬁlar
chamber withb‘thé input chamber, shut off the annular chamber and the input chamber from
the low-pressure source, and communicate the annular chamber and the input chamber
with the stroke simulator in the first state.

[0015] " The cylinder device as described above may further .include a connecting
passage that conhects the input chamber with the annular chamber, and is connected with
the low-pressure source, and the fnaster-cylinder state switching device may include a
communication control valve that is provided in a portion of the connecting passage which
is closer to the input chamber than a portion thereof to which'the low-pressure source is
connected, and is switchable at least between an open position and a cfosed position, and a
low-pressure source shutoff valve that is provided between the connecting.passage‘ and the
low-pressure source, and the low-pressure source shutoff Val§e is switchable at least
between an open position ‘and a closed position.  The master-cylihder state switching
device may be configured to place the low-pressure source shutoff valve in the closed
position and place the communication control valve in the open posiﬁon in the first state,
and place .the low-pressurelfgource shutoff valve in the open position and place the
communication control valve in the closed position in the second state. The input
chamber communication control unit may include a solenoid valve control unit configured .

to control the communication control valve while the low-pressure source shutoff valve is

" in the closed position, so that the condition of communication between the input chamber -
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and the annular chamber is gradually changed from a shut-off condition to a

‘communicating condition.

[0016] © With the communication control valve thus controlled, a condition of
communication between the inputi chamber and the annular chamber is controlled. By
gradually changing the condition of communication betWeen the input chamber and the
annular chamber from a shut-off condition to a communicating condition, change in the
volume or hydraulic pressure of the input chambér can be further suppressed. The
connecting passage may be'included in the master cylinder.

[0017] | The cylinder_dgviée may include a connecting passage that connects the
input chamber with the annular chamber, and is connected with the low-pressure source.
The master-cylinder state switching device may include a communication control valve
that is pro’vided in a portion of the connecting passage which is closer to the input chamber
than a portion thereof to which the low—pressure source is connected, and is in the form of .
a solenoid-operated on-off valve that is opéned and closed depending on whether current is
supplied to a solenoid thereof, and a IOW-pressure source shutoff valve that is provided
between the connecting passage and the low-pressure source, and the low-préssure source
shutoff valve is switchable at least between an open position and a closed position. The
master-cylinder state switching device may be configured to place the low-pfessure source
shutoff valve in the closed positibn and place the communication con‘érol valve in the open
position in the first state, and place the low-pressure source shutoff valve in the dpep
position and place the communication control valve in the closed position in the second

state. The input chamber communication control unit may include a communication

~valve duty control unit that performs duty control on current supplied to the solenoid of the

solenoid-operated on-off valve while the low-pressure source shutoff valve is in the closed
position. |

[0018] Heré, in the cylinder device as described above, the communication valve
duty control unit may include a duty-ratio determining unit configured to reduce a duty
ratio as a rati'o of an open time to a cycle time, the communication control valve being in

the open position for the open time, as an operating stroke of the brake operating member
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at the time of switching from the second state to the first state is larger.

[0019] As the hydraulic pressure of the input chamber detected when a command
to switch the master cylinder from the‘ second state to the first state is issued is higher, a
difference in the hydraulic pressure between the input chamber and the annular chamber is
larger, and the rate of reduction in the hydraulic pressure of the input cha}nber ‘when the
communicatidn control valve is switched 'from the closed position to the open position is
larger. If the duty ratio is redﬁced as the hydraulic pressure of the input chamber détected
when the comménd for switching from the second state to the first state is issued is higher,
the rate of reduction in the hydraulic pressure of the input chamber can be reduced. In the
case where a hydraulic pressuré sensor, or the like, capable of detecting the hydraulic
pressure of the input chamber in the second state is not provi‘ded,vthe hydraulic pressure of
the input ‘c_hamber cannot be directly detected at the time when the command for switching
ffom the second state to the first ‘s_tate is issued. lIn the second state, however, the
hydraulic pressure of the input chamber is presumed to be higher as the operating stroke is
larger. Thus, as the operating stroke of the brake operating member detected when the
Commahd for switching from the second state to the first state is issued is larger, it is
presumed that the hydraulic pressure of the input chamber is higher, and a difference in the
hydraulic pressure between the input chamber and the annalar chamber is larger, and the

duty ratio is reduced. Consequently, change in the hydraulic pressure of the input

“chamber or change in the volume of the input chamber at the time of switching from the

second state to the first state can be reduced.

[0020] There is another advantage that é difference in the rate of volumetric
change of the input chamber or the rate_of hydraulic pressure change of thé input chamber
can be reduced, between the case where the hydraulic pressure of the input chamber
detected when a command for switching from the second stafe to the first state is issued is
high, and the case where the hydraulié pressure is low. Where the commuﬁication control
valve is a normally-closed type valve that is in the closed position when no current is
supplied to its solenoid, the above-mentioned “open‘ time for which the communication

control valve is in the open position” means a length of time for which current is supplied
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to the solenoid. The “c‘ycle‘time” means the sufn of the ON time for which current is
supplied to the solenoid in one cycle and the OFF time for which no current is suppilied to
the solenoid. It follows that the “duty ratio” is represented by the ratio {Ton/(Ton+Toff)}
of the ON time to the cycle time (Ton+Toff). On the other hand, if the communication
control valve is considered as being in the bpen position when current is supplied fo the
solenoid, and being in the closed position when no current is supplied to the solenoid, it

may be considered that the duty ratio is the ratio {Topen/(Topen+Tshut)} of the open time

to the cycle time.

[0021]( Here, in the cylinder deyice; the communication valve duty control unit
may include a duty-fatio varying unit that increases the duty ratio as an elapsed time from
the time when control of the communication valve duty control unit is started is longer.
The control of fhe'communication valve duty contr01 unit is started vwhen a command to
switch the master cylinder from the éécond state to the first state is generated. The dufy
ratio may be continuously increased, or may be increased ina stepwise fashion.

[0022] | Here, the cylinder device may include a connecting passage that connects
the input chamber with the annular chamber, and is connected with the low-pressure source,’
and the master-cylinder state switching device may include a communication control valve
that is prdvided in a portion of the connecting passage which is closer to fhe input chamber
than a portion thereof to which the low-pressure source is connected, and is in the form of

a solenoid-operated linear valve whose opening can be 'continuously changed by

.continuously controlling the amount of current supplied to a solenoid thereof, and a

low-pressure source shutoff valve that is provided between the connecting passage and the
low-pressure source, and is switchable at least between an open pbsition and a closed
position. The master-cylinder state switching device may be configured to place the
low-pressure source shutoff valve in the closed position and place the communication
control valve in the open position in the first state, and place the low-pressure source.
shutoff valve in the open position and plaq’e the communication control valve in the closed
position in the second state. The input chamber communication control unit may include

a communication valve opening control unit that controls the opening of the
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communication control valve by controlling the amount of current supplied to the solenoid
of the communication control valve while the low-pressure source shutoff valve is in the °
closed position. |

[0023] In the cylinder device as described above, the communication valve
opening control unit may include an opening determining unit that reduces the opening as
the operating stroke of the brake operating member detected when the master cyiinder is
switched from the second state to the first state is larger. The opening of the
communication control valve is reduced as a difference in the hydraulic pressure befween '
the input chamber and the annular chamber when the master cylinder-is switched from the
second state te the first state is larger. o

. [0024] In the cylinder device as described above, the communication valve
openiﬁg control unit may include an opening increasing unit that increases the opening as
an elapsed time from the time when a command to switch the master cylinder from the
second state to the first state is issued is longer. The opening.may be continuouéiy
increased, or may be increased in a stepwise fashion.

{0025]  In the cylinder device as described above, the sWitching-time change
suppressidn unit may perform. control for suppressing at least one of hydraulic pressure
change and volumetric change of the input chamber, from the time when a command to
switch the master cylinder from the second state to the first state is issued, until a
p'redeterm;ined finishing condition or conditions is/are satisfied.

[‘002/6] ‘For example, the finishing conditions may include at least one of a
condition.that a predetermined set time (which may be called “_switvc‘hiAng-time control
d,urat.ion”) has elapsed, and a condition that the hydraulic pressure of theinput chamber has
reached a set pressure determined based on the operating stroke, etc. For example, where
the communication control valve is a solenoid-operated on-off \‘/‘alve, the duty ratio may be
increased according to a pattern, so that the duty ratio becomes.equal to 1 when the
switching-time control duration expires. Similarly, where the communication control
valve is a linear valve, the opening of the valve may be increased according to a pattern, so

that the opening becomes equal to the upper limit (for exémple, the valve is fully opened)
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when the set time expires.
[0027]  The cylinder device as described above may further include a hydraulic
préssure sensor provided in a portion of the connecting passage which is closer to the

annular chamber than the communication control valve, and a communication control

‘valve abnormality detecting unit configured to determine that the communication control

valve is in an abnormal condition in a case where a detected value of the hydraulic pressure

sensor is smaller than an abnormality determination threshold value when a determination

-time elapses from start of control performed by the switching-time changé suppression

unit.

[0028]  For example, when the annular chamber and the low-pressure source are
in communication with each other in the second state, the hydraulic pressure (e.g., the
atmospheric‘ pressure) of the low-pressure source is detected by the hydraulic pressure
sensor. When the input chamber and the annular chamber are in communication with
each other while being shut off from. the low-pressure source in the first state, the hydraulic
pressure of the input chamber is at the same level as that of the annular chamber, and the
detected value of the hydraulic pressure sensor represents or-corresponds to the hydraulic
pressure of fhe input chamber and annular chamber. Therefore, if the master cylinder is |
switched from the second state to the first state, and the communication control valve is ’
switched from the closed position to the open position, the detected value of the hydraulic
pressure sensor should increase. On the other hand, if the detected value of the hydraulic
sensor is smaller than the abnormality determination threshold value even after the
determination time elapses from the start of the switching-time change suppression control,
it may be considered that the communication control valve is kept in the closed position,
namely, the communication control valve is‘ abnormally stuck in the closed position.
Namely, when the detected value of the hydraulic pressure sensor is equal to or larger than
the abnormality determination threshold‘ value after the determination time elapses from
the start of the switching-time change suppression control, it may be determined that the
master cylinder, master-cylinder state switching device, and  others are in normal

conditions. For example, it may be determined that there is no fluid leakage in the
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connecting passage, input chamber, annular chamber, etc., and the communication control
valve and the low-pressure source shutoff valve are in normal conditioné, while the
hydraulic pressure sensor is in a normal condition.

[0029] If the detected value of the hydraulic pressure sensor is smaller than the
abnormality determination threshold value after the determination time elapses, a part of
the master cylinder, master-cylinder state switching device, etc. fnay be in an abnormal
condition. -For example, there may be a fluid léakage in any of the connecting passage,
input chamber, annular chamber, etc., or the communication control valve may be
abnormally stuck in the closed position, or the low-pressure source shutoff valve may be
abnormally stuck in the of)en position, or the hydraulic pressufe sensor may be in an
abnormal condition. However, if it is found in advance that thefe is no fluid leakage in
the connecting passage, input chamber, annular chamber, etc., the low-pressure. source
shutoff valve is in a normal condition, and that the hydraulic pressure sensor is in a normal
condition, or if an abnorrhalify is more likely to occur to 'thé c\ommunication control valve
than abnormalities 'in‘ other components or portions, it may be determined that the
communication control valve is in an abnormal condition in which the valve is stuck in the
closed position. |

[0030] " The abnormality determination threshold value and the determination timé
may be fixed Valués or variable values. For example, the abnormality determination

threshold value and the determination value may be determined based on the content of

~control (the duty ratio, the manner of changing the duty ratio, the opening, the manner of .

changing the opening) performed by the switching-time change suppression unit, or may
be determined based on the operating stroke detected wheﬁ the control of the
switching-time change suppression unit is started (for example, determined based on the
hydraulic pressure of the input chamber). For example, the determination time may be set
to be shorter, and the abnormality determination threshold value may be set to be larger, as
the operating stroke is larger, and the hydraulic pressure of the input chamber is higher.

The hydraulic pressure sensor may be provided in the connecting passage or in the annular

~chamber. It may be determined that the communication control valve is abnormally stuck
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~in the closed position when the rate of increase in the detected value of the hydraulic

pressure- sensor after control of the switching-time change suppression unit ié started is
equél to or smaller than an abnormality determination rate of increase.

[0031] " In the cylinder device as described above, the master-cylinder state
switching device may include a switching unit configured to switch the master cylinder to

the second state when an abnormality of the communication control valve is detected by

the communication control valve abnormality detecting unit.

[0032] The detection of an abnormality in the communication control valve may

- be conducted during the switching-time change suppression control or after the master .

C)‘llinder is switched to the first state. However, if the detection is conducted during the
switching-time change suppression control, change in the operating feeling at the time of
switching back to the second state when an abnormality of the communication control
valve i1s detected can be reduced, as compared with the case where the detection is

conducted after the master cylinder is switched to the first state. “When the detection is

conducted during the switching-time change suppression control, the determination time is

set to be shorter than the switching-time control duration. When an abnormality of the

communication control valve stuck in the closed 'position is detected, the switching-time
change suppression control is discontinued, and the master cylinder is switched to the
second- staté. Thereafter, no command for switching from the second state to the first
state s supposed to be issued.

[0033] Also, the cylinder device may include a stroke‘ simulator connected to a
portion of the connecting passage which is closer to the annular chamber than a portion of
the connecting passage fo which the low-pressure source is connected. When the maste‘r‘
cyl.inder is in the first state, both of the input chamber and the annular chamber are shut off
from the low-pressure source, and communicate with the stroke simulator. ’

[0034] In the cylinder deviée as described above, the pressurizing piston may
include a rear opposed portion that is opposed to the input chamber, and the area of an

opposed face of the middle piston portionvwhich is opposed to the annular chamber may be

made substantially equal to the area of an opposed face of the rear opposed portion which
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“is opposed to the input chamber.

[0035] In the first state, the ‘annular chamber and the input chamber are in
communication with each other, and therefore, the hydraulic pressﬁre of the annular
chamber is substantially equal to that of the iﬁput chamber.. Accordingly, the force
applied to the pressurizing piston in the advancing direction due to the hydraulic pressure
of the input chamber is balanced with the force applied to the pressuriZing piston fn the
retracting direction due to the hydraulic piessure of the annular chamber; therefore, the
pressurizing piston is not advanced due to the operating foree applied to the brake
operating member.

[0036] The cylinder device as described above may include a stroke simulator
connected to the input chamber, and a simulator shutoff ’.Valve that is provided between the

input chamber and the stroke simulator and is switchable at least between an open position

and a closed’ position. The master-cylinder state switching device may place the

simulator shutoff valve in the open position in the first state, and place the simulator

_shutoff valve in the closed position in the second state. The switching-time change-

suppression unit may include a simulator shutoff valve control unit that controls the
simulator shutoff valve when the master cylinder is switche‘d Afrom the second state to the
first state so as to control a condition of communication between the input chamber and the
stroke simulator. _

[0037]  The simulator shutoff valve may be an on-off valve that is opened and
closed depending on whether current is supplied to its solenoid, or may be a linear valve
whose opening is continuously changed through continuous control of the magnitude of the
current supplied ‘to the solenoid. The simulator shuteff valve may be regarded as
correspondihg to the communication control valve.

[0038]  Here, the pressurizing piston may include a front piston portion opposed to

the front preSsurizing chamber, and a middle piston’portion provided in a middle portion

thereof-and having a larger diameter than a diameter of the front piston portion, and the
master cylinder may include an annular chamber provided in front of the middle piston -

portion, while the cylinder device may include a release valve provided between the
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annular chamber and the low-pressure source. In operation, the mas‘ter‘-icylinder state
switching device may place the release valve in a closed position in the first state, and
place the release valve in an open position in the second state. The release valve is placed
in the closed position during switching-time change suppression control performed when
the master cylinder is switched from the second state to the first state. The release valve
may be regarded as corresponding to the reservoir shutoff valve. | |

| [0039] ‘Inr the cylinder device as described above, the master-cylinder state

switching device may include a switching command generating unit configured to generate -

. a command to switch the master cylinder from the second state to the first sfate, in at least

“one of the case where the brake operating member is operated, and the case where a

hydraulic pressure is required to be developed in the front pressurizing chamber.

[0040]  The master-cylinder state switchihg ,dévice generates a command to switch
the master cylinder from the second state to th¢ first state when a request for curbing
rotation of the wheels, namely, a request for braking force, is detected. The requést for
braking force is not limited to a request for hydraulic bfaking force, but includes a request
fbr régenerative braking force. The master-cylinder state Switching device may include,
for example, a brake ECU, and a plurality of solenoid-operated valves (such as a
communication control valve and a low-pressure source shutoff valve). When a request

for braking force is detected, current is applied to the brake ECU in response to the request,

‘as a trigger, preparation for execution of programs by the ECU is made, and a switching

command is generated after the preparation is completed. Then, the solenoid-operated
valves are switched in response to the switching command, so that the master cylinder is
switched from the second state to the first state. |

[0041]  According to another aspect of tilé invention, a cylinder device is provided
which includes a master cylinder i_ncluding a housing, a pressurizing piston that is
fluid-tightly and slidably fitted in the housing and operable to generate a hydraulic pfessure
in a front pressurizing >chamber, an input piston linked with a brake operating member and
fluid-tightly and slidably fitted in the housing, to be located in the rear of the pressurizing

piston, and an input chamber provided between the ihput piston and the pressurizing piston,
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and a master-cylinder state switching device that is configured to switch the master
cylinder between a first state in which the input chamber is allowed to move relative to the
pressurizi_ng piston, and a second state in which the input chamber is inhibited from
moving relative, to the pressurizing piston. The master-cylinder state switching device
includes a switching-time change suppression . unit that suppresses change in the
re‘latiohship between the operating: force and operating stroke of the brake operating
member during switching between the first state and the second state.

[0042] ‘For example, in the case where the proportion of the operatihg stroke .to
the operating force is larger when the master cylinder is in the first state, as compared with
the case where the master cylinder is in the second state, the operating feeling may turn to
be harder or stiffer when the master cylinder is switched from the first state to the second
state, and may turn to be softer when the master cylinder is switched from the second state
to the first state. On the other hand, in the cylinder device as described above, change in
the operating feeling is suppressed in at least one of the case where the master cylinder is
switched from the ﬁr.st state to the second state, and the case where the master cylinder is
switched from the second state to the first state. | |

[0043] vHer‘e, the cylinder device may include a master cylinder including a
housing, a pressurizing piston fluid-tightly and slidably fitted in the housing and having a
front piston portion provided in a front portion thereof, and a middle piston portion
provided in a middle portion thereof énd having a larger diameter than a diameter of the
front piston portion, the pressurizing pis,to.n being operable >to'generate a hydraulic pressure
in a front pressurizing chamber as a pressurizing chamber located in front of the front
piston portion, an input piston that is linked with a brake operating member, and
ﬂuid-tightly and slidably fitted in the housing, to be located in the rear of the pressurizing
piston, an input chamber provided between the input piston and the »pressurizing piston,
and an annular chamber provided in front -of the middle pistoh portion, and a
master-cylinder state switching dévice that switches the mastér cylinder between a first
state in which the input chamber communicates with the aﬁnulér chamber, and a second

state in which the input chamber is shut off from the annular chamber, and the annular
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chamber communicates with a low-pressure source. The master-cylinder state switching
device may include a switching-time change suppression unit that suppresses at least one
of a hydraulic pressure change of the .input chamber and a volumetric change of the input
chamber during switching from the second state to the first state. |

| [0044]  According to a further aspect of the invention, a hydraulic brake system is
provided which includes the cylinder device as described above, a brake cylinder hydraulic

W

pressure control device configured to control a hydraulic pressure of the front pressurizing

chamber so as to control a"hydraulic‘ pressure of each of brake cylinders of hydraulic

brakes connected to the front pressurizing chamber and operable to curb rotation of wheels
of the vehicle. In the hydraulic brake system, the pressurizing piston includes a front
piston portion opposed to the front pressurizing chamber, a middle piston portion provided
in a middle portion thereof land having a larger diameter than a diameter of the froht piston
portion, and a rear small-diameter portion provided at the rear of the middle piston portion
and having a small‘er diameter than a diameter of the middle piston portion, aﬁd the master

cylinder includes a back chamber provided at the rear of the middle piston portion. The

“brake cylinder hydraulic pressure control device includes a back pressure control device

configured to control the hydraulic pressure of the front pressurizing chamber by
controlling a hydraulic pressure of the back chamber, thereby to control the hydréulic
pressure of the brake cylinders.

[0045] The front pistdn portion, middle piston portion, and rear Srﬁalll-diameter
portion of the pressurizing piston- are respectively fluid-tightly and slidably fitted in the
housing.  The back chamber is formed at the rear of the middle piston portion,'and force
is applied to the rpressurizing piston in the advancing direction, due to the hydraulic
pressure of the back chamber. The rear small-diameter portion may be considered as
qorrespdnding to the above-mentioned rear opposed- portion. When the pressurizing
piston is advanced under the hydraulic pressur¢ of the back chamber, the hydraulic

pressure of the front pressurizing chamber is increased to a level commensurate with the

~ hydraulic pressure of the back chamber. Since the hydraulic pressure of the front

pressurizing chamber is supplied to the brake cylinders, the hydraulic pressure of the brake
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cylinders is controlled through control of the hydraulic pressure of the back chamber. -

[0046]  In the hydraulic brake system as described aboye, the brake cylinder
hydraulic pressure control device may control the hydraulic pressure of the back chamber,
when hydraulic braking force is requested, in at least one of the case where the master
cylinder is in the first state, and the case where control is performed by the switching-time
change suppression unit.

[0047] In the hydraulic brake éystem as described above, the master cylinder may
include an annular chamber provided in front of the middle piston portion, and the cylinder
device may include a connecting passage that connects the input chamber with the annular
charhbér. ‘In the first state, the master-cylinder state switching device communicates the
input chamber with the annular éhamber, ahd communicates these chambers with a stroke
simulator, while shutting off these chambers from a low-pressure source. In the second
state, the master-cylinder state switching device shuts off the input chamber from the
annular chamber, the loW-pressure source and the stroke simulafor, and communicates the
annular chamber’ with the low-pressure source. The back pressure control device may
include a different-mode control unit that controls the hydraulic pressure of the back

chamber in different modes, between the case where the master cylinder is switched from

the second state to the first state in a condition where the brake operating member is being

operated, and the case where the master cylinder is in the first state from the time when the
brake operating member starts being operated. | |

[0048]  The “condition where the brake boperating member is being operated” is a
condition in which the brake operating member is regarded as being operated, or a
condition in which the operating stroke is larger than a set stroke. The set stroke may be
equal to or larger than a threshold value of operating >stroke>at which the brake switch
chénges from a state (e.g., OFF) corresponding to a non-operated condition of the brake
operating member, to a state (e.g., ON) corresponding to an operated condition of the brake
operating member. In other Words, the non-operated condition of the brake operating
member refers to a condition iﬁ which the brake switch is OFF, vand is not limited to a

condition where the operating stroke is 0 (zero). The “case where the master cylinder is
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in the first state from the time when the brake operating member starts being operated”

- corresponds to the case where the master cylinder is in the first state when the brake switch

is OFF, and the brake operating member starts being operated when the master cylinder is
in the first state, or the case where the master cylinder is switched to the first state when
the brake switch is switched from OFF to ON. If the master cylinder‘is switched from the
second state to the first state when the operating stroke is equal to or smaller than the
threshold value, any inconvenience or problem caused by this situation seems unlikely to
occur.

[0049] In the hydraulic brake system as described above, the back pressure
control device may include a stroke sensor that detects a stroke of the brake operating

member, a hydraulic pressure sensor that detects a hydraulic pressure of the annular

~ chamber, and a target hydraulic prevssu're determining unit that is configure to determine a

target hydraulic pressure of the back chamber based on at least one of a detected value of

the hydraulic pressure sensor and a detected value of the stroke sensor.  The target

hydraulic pressure determining unit may include a different-mode determining unit

configured to determine the target hydraulic pressure of the back chamber in different
modes, between the case where the master cylinder is switched from the second state-to the
ﬁrst‘state while the brake operating member is being operated, and the case where the.
master cylinder is in the first state from the time when the brake operating member starts
being operated. | ’

[0050] When the master cylinder is in the first state from the time when the brake

- operating member starts being operated, the relationship between the operating stroke and

the operating force is determined by characteristics of the stroke simulator, for example,
and is constant. In this case, both the operating stroke and the operating force accurately

represent the intention of the driver. OI{ the other hand, when the master Cylinder is

'switched from the second state to the first state while the brake operating member is being

operated, the stroke simulator starts being operated from the time when the master cylinder
is switched to the first state. Namely, the stroke simulator is started from a condition

where the operating stroke of the brake operating member is large, and the relationship
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between thé operating stroke (the amount of increase of the operating stroke) aﬁd the
operating force is determined by characteristicsv of the stroke simulator, from the operating
stroke at the time of switching. Therefore, the operating force may be small relative to
the operating stroke, as compared with the case where the stroke simulator is operated
from the beginning of operation of the brake operating member. In particular, when the
master éylinder is switched from the second state to the first state in a condition where the
operating stroke is in the vicinity of the full stroke, the operating stroke, rather than the
operating force, is considered to accurately represent the intention of the driver. Thus, the
relationship between the operating stroke and the operating force differs between the case
where the master cylinder is switched from the second state to the first state while the
brake 'opera‘tin_g member is being operated, and thé case where the master cylinder is in the
first state at the time when the brake operating member starts being operated. Thus, 1t is
appropriate to determine the target hydraulic pressure in diffe‘fent_ modes, in the respective
cases. | |

[0051] When the target hydraulic pressure is determined based on both of the
operating stroke and the operating force, the weight of one of the opefating stroke and the
operating force having a higher reliability (one that represents the intention of the driver
with higher accuracy) may be made larger than that of the other. The weight of one of the
operating stroke and the operating forpe may be increased by t_aking no account of the
other (setting the weight to 1). If the reaction force is reduced when the master cylinder is
switched from the second state to the first state, the driver may increase the operating
stroke so as to continuously increase the reaction force. In this case, the operatiing force,
rather than the operating stroke, is considered to represent fhe intention of the driver with
higher accuracy. Since one of the operating stroke and the operating force having the
higher reliability can be determined based on change in the rate of change of the detected
value of the stroke sensor, and the detected value of the hydraulic pressure sensor, for
example, the target hydraulic pressure rﬁay be determined by increasing the weight of the
one having the higher reliability.

7[0052] In the hydraulic brake system as described above, the back pressuré
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control device may include a housing, a control piston fluid-tightly and slidably fitted in
the housing, a control chamber provided at the rear of the control piston, a control pressure
output chamber provided in front of the control piston énd connected to the back chamber,
a regulator including a low-pressure source communication path through which the control
pressure output chamber communicates with a low-pressure source when the control piston
is at a retracted end position, and a regulator hydraulic pressure control unit that controls
the hydraulic pressure of the control pressure output chamber by controlling the hydraulic
pressure of the control chamber, so as to control the hydraulic pressure of the back
chamber. | | |
[0053] The regulator is connected to the back chamber, and the hydraulic pressure
of the back chamber is controlled through control of the regulator. When the regulator is
ina non-oﬁerated condition, namely, when the control piston is placed at the retracted end
position, the control-pressure .output chamber is communicated with the low-pressufe
source, and therefore, no hydraulic pfeésure is supplied to the back chamber. - On the other
hand,. if a hydraulic pressure is supplied to the control chamber, the control piston is

advanced. As a result, the control-pressure output chamber is disconnected from the

- low-pressure source, and a hydraulic pressure is developed in the control-pressure output

chamber, and supplied to the back chamber.

[0054] In the hydraulic brake system as described above, the regulator may
include a pilot piston fluid-tightly and slidably fitted in the housing, in the rear of the
control piston, and a pilot pressure chamber provided in the rear of the pilot piston and
connected with at least one of the front pressurizing chamber and the input chamber of the
master cylinder. In the second state, the pilot piston is advanced under tile hydraulic
pressure of the pilot pressure chamber, and the control piston is advanced so that a
hy‘drau'lic pressure is generated in the control-pressure output chamber.

10055] In the second state, a hydraulic, pressure whose magnitude is determined
by the operated condition of the brake operating member is supplied to the pilot pressure
chamber. As a result, the pilot piston is advanced, and the control piston is advanced, so

that a hydraulic pressure is generated in the control-pressure output chamber.  As a result,
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the hydfaﬂlic‘pressure is supplied to the back chamber, and the hydraulic préssure of the

front pressurizing chamber is increased.  The regulator functions as a hydraulic booster.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] Features, advantages, and technical and industrial éigniﬁcance‘ of
exemplary embodiments of th.e invention will be described below with reference to the
accompanyiﬁg drawings, in which like numerals denote like elements, and wherein:

 FIG. 1 is a view showing the whole of a vehicle on which a hydraulic brake system
according to one embodiment of the invention is installed, wherein the hydraulic brake
system iﬁcludes a cylinder device according to one embodiment of the in‘vention;
FIG. 2.is aihydraulic circuit diagram of the hydraulic brake system; |
FIG. 3 is a view schematically showing a principal part of the hydraulic brake ~s‘,ys‘[em;
 FIGs. 4A and 4B are ﬂowcharts‘ illustrating a state switching control pfogram stored
in. a sforage unit of é brake ECU of the hydraulic brake system; |

FIG. 5 is a flowchart illustrating a communication control valve abnormality

detection program stored in the storage unit of the brake ECU; |

FIG. 6 is a flowchart illustrating a regulator hydraulic pressure control program stored

in the storage unit of the brake ECU;

FIG. 7 is va flowchart illustrating a part of the regulator hydraulic pressure control

.prograrri (for determining required total braking force of step S63);

FIG. 8 is a map representing a duty-ratio determination table stored in the storage unit

of the brake ECU;

FIG. 9 is a view shbwing changes in the operating stroke and the operating force
when the state switching control program is implemented;

FIG. IOA is a view useful for explaining the case where the master cylinder is
switched ‘between the second state and the first state (where switching-time change
suppfession control is not performed), in the hydraulic brake system, showing changes in a
condition of energization of the brake ECU, an ON/OFF state of a brake switch, and an

ON/OFF state of an ignition switch, in the case where the ignition switch is turned on
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before a reset time elapses after the door is opened,;

FIG 10B is a view useful for explaining the case where the master cylinder is
switched between ‘the second state and thé first state (where switching-time change
suppressioh control is not performed), in the hydraulic brake systém, more specifically, the
case where the ignition switched is not turned on before the reset time elapses from the
time wheﬁ the door is opened; and |

FIG '10C is a view useful for explaining the case where the master cylinder is

- switched between the second state and the first state (where switching time change

suppression control is not performed) in the hydraulic brake system; more specifically, the

case where the ignition switch is turned off, and then turned on again.

. DETAILED DESCRIPTION OF EMBODIMENTS

[0057] .A hydraulic brake system according to one embodiment of the invention
will be described in detail with reference to the drawings. |

[0058]  As shown in FIG. 1, the hydraulic brake system of this embodiment is
installed on a‘hybrid vehicle (such as a plug-in hybrid vehicle), for example. In the

hybrid vehicle, right and left front wheels 4FR, 4FL as driving wheels are driven by a drive

unit 10 including an electric drive unit 6 and an internal combustion drive unit 8. The

driving force of the drive unit 10 is transmitted to the right and left front wheels 4ER, 4FL
via drive shafts 12, 14. The internal combustion drive unit 8 includes aﬁ enginé 16, an
engine ECU-18 that controls operating conditions of the engine 16, and so forth, and the
electric drive unit 6 includes a motor for driving the wheels (which may be simply called

“electric motor™) 20, an electric storage device 22, a motor-generator 24, an inverter 26, a

driving motor ECU (which may be simply called “motor ECU”) 28, and so forth. The

engine 16, electric motor 20, and thé motor-generator 24 are coupled to a power split
device 30, and the drive unit 10 is operable in a selected one of an operating mode in
which only the driving force of the electric métor 20 1s transmitted to an output member 32,
an operating mode in which the driving force of the engihe 16 and the driving force of the

electric motor 20 are both transmitted to the output member 32, and an operating mode in
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which the output of the eng,ine 16 is generated to the motor-generator 24 and the output
member 32, for example. The output member 32 is a constituent element of a Speed
reducer, and the driving force of the drive urﬁt 10 is transmitted to the drive shafts 12, 14
via the speed reducer and a differential gear unit. The inverter 26 is controlled by the
motor ECU 28.  With the inverter 26 thus controlled, the electric drive unit 6 is switched
at least between a driving mode in which eleétric energy is supplied from the electric

storage device 22 to the electric motor 20 so as to rotate the motor 20, and a charging mode

i
‘in which the electric motor 20 functions as a generator that generates electric power

through régenerative braking, so that the storage device 22 is charged with electric energy.

In the charging mode, regenerative braking force is applied to the right and left front
Wheels 4FR,~ 4FL. In this sense, the electric drive unft 6 may also be called “regeneraﬁve
brake device”. The electric storage device 22 may include a niékel-rﬁetal-hydride battery,
or a lithium-ion battery, for example. A power-sup,ply monitoring unit 34 obtains
information representing the state of charge of the storage devi.ce 22.

" [0059] . As shown in FIG. 2, the hydraulic brake system includes brake cylindérs

42FR, 42FL of hydraulic brakes 40FR, 40FL provided for the ribght and left front wheels

4FR, 4FL, and brake cylinders 52RR, 52RL of hyc_lraulic brakes S0RR, SO0RL provided for

the right and left rear wheels 46RR, 46RL, a hydraulic pressure generating device 54

cépable of supplying hydraulic pressures to the brake cylinders 42FR, 42FL, 52RR, 52RL,
a slip control device 55 provided between the brake cylinders 42FR, 42FL, 52RR, 52RL
and thé hydraulic pressure genefating device 54, and so forth. The hydraulic pressure
generating device 54; etc. is controlled by a brake ECU 56 that mainly consists of a
computer. The vehicle is also provid‘ed with a hybrid ECU 58. The hybrid ECU 358,
brake ECU 56, engine ECU 18, motor ECU 28, and the power-supply monitoring unit 34
can communicate with each‘ other, and neéessary information is transmitted and received as
needed among these ECUs. , |

[0060] The hydraulic brake system of the invention is not limitedly installed on
the vehicle as described above, but may also be installed on an electric vehicle, or a fuel

cell vehicle. In the electric vehiéle, the internal combustion drive unit 8 is not provided.
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In thé fuel cell vehicle, the driving motor is driven by a stack of fuel cells, for example.i
The hydraulic brake system may also be installed on a vehicle driven by an internal
combustion driving source. In this type of vehicle, the electric drive unit 6 is not
provided. Therefore, no regenerative braking force is applied to the driving wheels 4FR,
4FL, and regeneration coordination control is not performed.

[0061] In the following, the construction of the hydraulic brake system will be

~described. As shown in FIG. 2, in the hydraulic brake system, the hydraulic pressure

generating device 54 includes a brake pedal 64 as a brake operating member, a master

- cylinder 66, a back pfessure control device 68 that controls the hydraulic pressure of a back

chamber of the master cylinder 66, and so forth. The master cylinder 66 includes a
housing 100, pressurizing pistons'102, 104 and input piston 106 that are arranged in series

and fluid-tightly and slidably fitted in a cylinder bore formed in the housing 100, and so

- forth. Front pressurizing chambers 110, 112 are formed in front of the pressurizing

pistons 102, 104, respectively. The bréke cylinders 42FR, 42FL of the hydraulic brakes
40FR, 40FL of the right and left front wheels 4FR, 4FL are connected to the front
pressurizing chamber 110, via a fluid passage 114, and the brake cylinders 52RR, 52RL of
the hydraulic brakes 50RR, SORL of the right and left rear wheels 46RR, 46RL are
connected to the front pressurizing chamber 112, via a fluid passage 116. The hydraulic
brakes 40FR, 40FL, 50RR, 50RL are operated by the hydraulic pressures of - the brake
cylinders 42FR, 42FL, S2RR, 52RL, respectively, so as to curb rotation of the wheels 4FR,
4FL, 46RR, 46RL. Also, return ‘springs 118; 120 are disporsed between the pressurizing
piston 102 and the housing 100, and between the two pressurizing pistons 102, 104,
respectively, for biasing the pressurizing pistons 102, 104 in retracting directions. When
the presSurizing pistons 102, 104 are placed at their retracting end positions, the front
pressurizing chambers 110, 112 are in communication with a reservoir 122.

[0062] The pressurizing piston 104 ‘includes a front piston portion 126 provided
in a front part thereof, a middle piston portion 128 that is provided in a middle part thereof
and protrudes in.radial directions, and a rear small-diameter portion 130 that is provided in

a rear part thereof and has a smaller diameter than a diameter of the middle piston portion
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128. The front piston portion 126 and the middle piston portion 128 are fluid-tightly and

slidably fitted in the housing l.OO, and the front pressurizing chamber 112 is formed in

front of the front piston portion 126, while an annular chamber 132 is formed in front of

the middle piston portion 128. On the other hand, an annular, radially inwardly

protruding portion 134 is provided on the housing 100, and the rear small-diameter portion”

130 located at the rear of the middle piston portion 128 is fluid-tightly and slidably fitted in
the protruding portion 134. As a result, the ab-'ove-mentioned back chamber 136 is
formed between the middle piston pbrtion 128 and the radially inwardly protruding portion
134, to be located at the rear of the middle piston portion 128. The input piston 106 is
located in the rear of the preséurizing piston 104, and an input chamber 140 is formed
between the rear small-diameter portion 130 and the input piston 106. The brake pedal 64
is linked with a rear portion of the input piston 106, via an operating rod 142, etc.

[0063]  The annular chamber 132 and the input chamber 140 are connected to
each other by a connecting paséage 150, and a communication control valVe 152 is
provided in the connecting passage 150. The communication control valve 152 is a
solenoid-operated on-bff valve that is opened and closed depending on whether electric
current is supplied to a solenoid coil (which may be simply called “solenoid) of the valve
152. The communication control valve 152 is a normally-closed type valve that is
normally in the closed position when no current is supplied to the solenoid. A portion of
the connectiﬂg passage 150 which is closer to the annular chamber 132 than the

communication control valve 152 is connected to the reservoir 122 via a reservoir passage

154, and a reservoir shutoff valve 156 is provided in the reservoir passage 154. The

reservoir shutoff valve 156 is a solenoid-operated on-off valve that is opened and closed
depending oh whether electric current is supplied to its solenoid, and is a normally-opeﬁ
type Vélve that is normally vin the open position when no current is supplied to the solenoid.
A stroke simulator 160 is connected to a portion of the connecting passage 150 which is
closer to the annular chamber 132 than its portion connected’with the reservoir passage 154.
The stroke simulator 160 includes a simulator piston 162 fluid-tightly and slidably fitted in

a housing; a spring 164 provided between the simulator piston 162 and the housing, and a
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‘simulator chamber 166 that is provided on one side of the simulator piston 162 opposite to

the side on which the spring 164 is provided, and communicates with the connecting .

passage 150. The annular chamber 132 and the input chamber 140 are connected to the

~ simulator chamber 166, via the connecting passage 150. Further, a hydraulic pressure

sensor 170 is provided in a portion of the connecting passage 150 which is closer to the
annular chambér 132 than its portion to which the reservoir passage 154 is connected.
The hydraulic pressure sensor 170 detects the hydraulic pressure of the annular chamber
132 and the input chamber 140, in a condition where the annular chamber 132 and the
input chamber 140 communicate with each other and are shut off from the reservoir 122.
The hydraulic pressure detected by the hydraulic pressure sensor 170 is commensurate
with or correspondé to the operating force applied to the brake pedal 64; therefore, the
hydraulic pressure sensor 170 may also be called “operating force sensor”, or “operating
hydraulic pressure sensor”. The hydraulic pressure of the annular chamber 132 and the
input chamber 140 also functions as reaction force; therefore, the hydraulic pressure sensor
170 may also be called “reaction force sensor”.

[0064]  Next, the back pressure control device will be described. The back
pressure control device 68 is connected to the back chamber 136. The back pressure
control device 68 includes a high-pressure source 180, a regulator‘ 182, a linear valve
device 184, and so forth. The high-pressure source 180 includes a pump device 190
having a pump 186 and a pump motor 188, and an accumulator 192 in which a working
fluid discharged from the pump 186 is stored in a pressurized condition. The accumulator
pressure as the hydraulic pressure of the working fluid stored in the accumulator 192 is
detected by an accumulator pressure sensor 194. The pump motor 188 is controlled so
that the accumulator pressure is held at a level within a predetermined set range. The
regulator 182 includes a housing 200, and a pilot piston 202 and a control piston 204 which
are provided in the housing 200 and arranged in series in a direction parallel to the axis L. |

The housing 200 is formed with a stepped cylinder bore having a large-diameter portion

and a small-diameter portion. The pilot piston 202 is fluid-tightly and slidably fitted in

the large-diameter portion, and the control piston 204 is fluid-tightly and slidably fitted in



10

15

20

25

WO 2013/144702 PCT/IB2013/000520

27

the large-diameter portioﬁ via seal members 205a, 205b, while a high-pressure chamber
206 connected to the high-pressure source 180 is formed in the small-diameter portion. A
pilot pressure chamber 210 is formed between the pilot piston 202 and the housing 200,
and a control chamber 212 is formed between the pilot piston 202.and the control piston
204, while a servo pressure chamber 214 as a control pressure output chamber is formed
between the control piston 204 and a stepped portion between the large-diameter portion
and small-diameter portion of the cylinder bore. Also, a high-pressure supply valve 216
is provided between the servo pressure chamber 214 and the high-pressure chamber 206.
The housing 200 is provided with a valve-seat member 222 having a valve seat 220, and
the high-pressure supply valve 216 includes tﬁe valve seat 220, a valve spool 224 arrangéd
to be seated on or spaced from the valve seat 220, a sprihg 226 provided between the valve
spool 224 and the housing 200, for biasing the valve spool 224 in a direction (retracting
direction) in which the valve spool 224 is seated on the valve seat 220, and so forth. In
the meantime, a receiving hole that extends in a direction pa:rallel to the axis L is formed in
a central portion of the main body of the control piston 204, and a fluid ,passége 232 is -
formed which communicat.es with the receiving hole and has a portion that extends in a
direction perpendicular to the axis L, or radial directions. The fluid passage 232 is
providedbat a position at which it communicates with a low-pressure port 238 provided in

the housing 200. A valve opening member 234 that extends in parallel wi-th/ the axis L is

received in the receiving hole. A through-hole 236 is formed in parallel with the axis L,
in a central portion of the valve opening member 234, and a rear end portion of the valve

opening member 234 is open to the fluid passage 232, while a front end portion thereof is

opposed to the valve spool 224. With this arrangement, the end portion of the valve

opening member 234 which is opposed to_the valve spool 224 and the low-pressure port

238 are connected to each other via the through-hole 236 and the fluid passage 232, and

the through-hole 236 and the fluid passage 232 provide a low-pressure port communication .
channel 239. A spring 240 is provided between the valve opening member 234 and the
valve seat member 222, for biasing the control piston 204 (having the valve opening

member 234) in a retracting direction. Thus, the control piston 204 has a generally
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s'tepped shape, and the control chamber 212 is formed at the rear of a large-diameter
portion of the control piston 204, While the servo pfessure chamber 214 is formed in front
of the stepped portion between the large-diémeter portion and the small-diameter portion.
Thus, the control piston 204 functions as a pressure ‘increasing piston, and is operable to

increase the hydraulic pressure of the servo pressure chamber 214 relative to the hydraulic

pressure of the control chamber 212.

[0065] A spring 241 is provided between the valve-seat member 222 and the
housing 200, for specifying the position of the valve-seat member 222 relative to the
housing 2.00. Also, the fluid passage 116 is connected to the pilot presSure chamber 210.
Therefore, the hydraulic preséure of the pressurizing charhber 112 of the master cylinder-
66 is applied to thé pilot piston 202. Fﬁrther, the back chamber 136 of the master cylihder
66 is connected to the servo pressure chamber 214 via a servo passage 242. A servo
hydraulic pressure Psb as the hydraulic pressure of the servo_pfessure chamber 214 is
suppli'ed t(;'the ‘back chamber 136, so as to operate the ‘master cylinder 66. The servo
passage 242 is provided with a servov hydraulic pressure sensor 243, which detects the
servo hydraulic pressure.  As shown in FIG. 2, the servo preSsure chamber 214 is directly
connected with the back pressure 136; therefore, the hydraulic pressure of the servo
presvsure chamber 214 is, as a principle, at the same level as the hydrau]ic pressure of the
back chamber 136. The reservoir 122 is connected to thé low-pressure port 238 via a
reservoir passage 244. | | -

[0066] The linear valve device 184 including a pressure-increasing linear control
valve 250 and a pressure-reducing linear control valve 252 is connected to the control
chamber 212, énd the hydraulic pressure of the control chamber 212 is controlled through
control of the pressure-increasing linear control valve 250 and the pressure-reducing linear
control Qalve 252. The pressure-increasing linear control valve 250 is provided betwéen
the control chamber 212 and the high-pressure soufce 180, and the pressure-reducing linear
control valve 252 is provided between the control chamber 212 and the reservoir 122.
The pressure-inéreasing linear control valve 250, which is a normally-closed type valve

that is in the closed position when no current is supplied to its solenoid, controls the
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hydraulic pressure of the control chamber 212 to a level commensurate with or
corresponding to the émount of current supplied to the solenoid.‘ The pressure-reducing
linear control valve 252, which is a normally-open type valve that is in the open position
when no current is supplied to its ‘sole‘noid, controls the hydraulic pressure of the control
chamber 212 to a level commensurate with or corresponding to the amount of current -
supplied to the solenoid.

[0067] The above-mentioned operating hydraulic pressure sensor 170,
accumulator pressure sensor 194, and servo hydraulic pressure sensor 243 are connected to
the brake ECU 56. A stroke sensor 280 that detects the stroke (which may also be called
“operating stroke”) of the brake pedal 64, a brake switch 282 that takes different positions
depending on whether or not the Brake pedal 64 is being depressed, an ignition switch 284,
a door open/close switch 286 that takes different positions depending on whether the door
on the side of the drivér’s seat (noﬁ shown) is open or closed, etc“are also connected to the .
brake ECU 56. Also, the slip control deviée 55, éommunication éontrol valve 152,
reservoir shutoff valve 156, linear valve device 184, pumb motor 188, etc. are connected to
the brake ECU 56. Various tables, programs, and the like, are stored in a storage porﬁon
of the brake ECU 56. In this embodi.ment,.the brake switchv282 is placed in the OFF
position when the operating stroke of the brake pedal 64 is smaller than a set stroke, and is
placed in the ON position when the operatihg stroke is equal to or larger than the set stroke.
The ignition switch 284 is allowed to be switched from OFF to ON when the brake switch
282 is ON. The door open/close switch 286 is placed in the OFF position when the door
1s in a closed state, and is plaéed in the ON position when the door is in an open,stafe.

| [0068] | Next, the operation of the hydraulic brake system will be described. The
master cylinder 66 is switched between a first state and a second state, depending upon
whether the communication cont.rol valve 152 and the reservoir shutoff valve 156 is 6pen
or closed. As shown in FIG. 3, the master cylinder 66 is in the first state when the
communication control valve 152 is in the open position, and the reservoir shutoff valve -
156 is in the closed position, and the master cylinder 66 is in the second state when the

communication control valve 152 is in the closed position and the reservoir shutoff valve
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[0069] Initial'ly, the first state will be described. When the master cylinder 66 is
in the first state, the input chamber 140 and the annular chamber 132 are communicated
with each other, and these chambers 140, 132 are communicated with the simulator
chamber 166 of the stroke simulétor 160, and are shut off from the reservoir 122. When -
the brake pedal 64 is depressed, the input piston 106 is advanced relative to the
pressurizing piston 104, and the working fluid of the input chamber 140 is supplied to the
simulator \chamber 166, so as to operafe the stroke simulator 160. Meanwhile, the annular

chamber 132 and the input chamber 140 are in communication with each other; therefore,

the hydréulic pressures of these chambers 132,>140 are at the same level. Also, the area

of a pressure-receiving face of the middle piston portion 12.8 opposed to the annular
chamber 132 is equal to the area of a pressu_re-receiving face of the rear small-diameter
portion 130 opposed to the iﬁput chamber 140. Accqrdingly, the force applied to the
pressurizing piston 104 in the advancing direction due to the hydraulic pressure Qf the
input chamber 140‘ is balaﬁcéd with the force applied to ;[he piston 104 in the retracting
direction due to the hydraulic pressure of the annular chamber 132, and the pressurizing
piston 104 is not advanced in response to the operation of the brake pedal 64. If a
hyd‘rauliC pressure‘is supplied to the back chamber 136, the pres_surizing‘piston 104 is
advanced due to the force applied théreto in the advancing direction and corresponding to-
the hydraulic pressure of the back chémber 136, _énd hydraulic pressure commensurate
with or corresponding to the hydraulic pressure of the back chamber 136 is generated in
the front pressurizing chambers 110, 112. In other words, a predetermingd relatidhship is
established between the hydraulic pressure of the front pressurizing chambers 110, 112 and
the hydraulic pressure of the back chamber 136. When the master cylinder 66 is in the
first state, the input chamber 140 is in communication with the stroke simulator 160, and
therefore, the operating feeliﬁg ?,f the brake pedal 64 is determined by characteristics of the
stroke simulator 160. The operating feeling is determined  based on the relationship
between the operating force applied to the brake pedal 64 and the operating stroke.

[0070]  The hydraulic pressure of the back chamber 136; namely, the servo
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hydraulic pressure Psb, is controlled in the back pressure control deviée 68. In the’
regL;lator 182, when the control piston 204 is placed at its retracting end pésitibn, a front
end portion of the valve opening member 234 is located rewardly of tﬁe valve spool 224.
The servo pressure chamber 214 is communicated with the reservoir 122 viavthe
low-pressure port communication channel 239, and the reservoir passage 244, and the

servo hydraulic pressure Psb is equal to the atmospheric pressure. Thus, while no

"hydraulic pressure is supplied to the control chamber 212, the servo pressure chamber 214

is communicated with the reservoir 122, and the back chamber 136 of the maéter cylinder
66 is communicated with the reservoir 122A via the regulator 182. As a result, no
hydraulic pressure is supplied to the back pressure 136, and the pressurizing pistons 102,
104 are not advanced due to the hydraulic pressure of the back chamber 136.

[0071]  If a control hydraulic pressure Psi as an actual hydraulic pressure of the
control chamber 212 is increased, ‘and the force applied to the cobntrol piston 204 .in the
advancing direction becomes larger than the bias force Fsb of the spring 240, the control

piston 204 is advanced. As a result, the valve opening member 234 abuts on the valve

~ spool 224, and the servo pressure chamber 214 is shut off from the reservoir 122. The

control piston 204 receives force (PsixAsi) of a magnitude obtained by multiplying-thé
control hydraulic pressure Psi by the area Asi of _a' pr‘essuré-receiving face of the control
piston 204 opposed to the control chamber 212, force (PsbxAsb) of a magnitude obtained
by multiplying the servo hydraulic pressure (output hydraulic pressure) as the actual
hydraulic. pressure of the servo pressure chamber 214 by\ thé area Asb of a
pressure-receiving face of the control piston 204 opposed to the servo pressure chamber |
212, and the bias forée Fsb’of the spring 240. Since the spring 240 has a small spring
constant, the bias force Fsb 'may be considered as being substantially constant (force
corresponding to a set load). It follows that the following.vequation (1) is established with
respect to the control piston 204.
PsixAsi=PsbxAsb+Fsb (N
As the control hydraulic pressure Psi is further increased, the valve opening member 234

causes the valve spool 224 to be spaced apart from the valve seat 220, and the
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high-pressure supply valve 216 is placed in an open position. As a result, the servo
pressure chamber 214 and the high-pressure chamber 206 are brought ihto communication
with each other, and the servo hydraulic pressure Psb is increased. On the other hand, ivf .
the control hydraulic pressure Psi is reduced relative to the servo hydraulic pressure Psb,
the control piston 204 is retracted, and the high-pressure suppAly valve 216 is placed in a
closed position. If the valve opening member 234 is spaced apart from the valve spool
224, the servo pressure chamber 214 is brought into communication with the reservoir 122,
and the servo hydraulic pressure Psb is reduéed, It rﬁay be considered that the
high-pressure supply valve 216, valve 6pening' member 234, low-pressure port
communication channel 239, etc. constitute a servo pressure control valve device. With
the servo pressure éontrol valve device, the servo pressure chamber 214 is selectinvely,
communicated with the high-pressure source 180 and the reservoir 122, so that the
hydraulic pressure of the servo pressure chamber 214 is increased or reduced.

[0072] In this embodiment, required tofal braking forcé Fref vrequested by the
driver is obtained based on at léast one of the detectea value F of the operating hydraulic .-
pressure sensor 170 and the detected value S of the operating stroke sensor 180. The

required total braking force Fref is obtained according to the following equation (2), where

"y represents the weight of the operating stroke.

Fref=Sxy+Fx(1-y). - 2)
If the required total braking force is satisfied by regenerative braking force in the case
where regeneration coordination control is performed, the required hydraulic braking forcé
is set to 0, and no hydraulic pressure is suppiied to the back chamber 136, so that no
hydraulic pressure is generated in the front pressurizing chambers 110, 112.  On the other
hand, if the Tequired total braking force is not satisﬁed- by regenerative braki_ng force, the
required hydraulic braking force is set fo a value larger than 0, and a target hydraulic
pressure of the brake cylinders 42, 52, namely, a target hydraulic pressure of the front
pressurizing chambers 110, 112, is determined, and a target hydraulic ipressure. Pref of the
back pressure 136 is determined, so. that the required hydraulic braking force is satisfied.

In the case where regeneration coordination control is not performed, and the case where
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the hydraulic brake system is installed on a vehicle driven by an internal combustion
driving source, the required total braking force is set as the required hydraulic braking

force, and the target hydraulic pressure Pref of the back chamber 136 is determined so as to

. satisfy the required total braking force.

[0073] In the régplator 182, the target hydraulic pressure Pref of the back
chamber 136 is set as a target servo hydraulic pressure Psbref as a target'hydraulic pressure
of the servo pressure chamber 214 (Pre.f=Psbref).A Also, a target control hydraulic
pressure Psqiref as a target hydraulic pressure of the control chamber 212 is obtained based
on the relationship between the éervo hydraulic pressure Psb and the control hydraulic
pressure Psi as indicated by Eq. (1) above, for example, and the target servo hydraulic

pressure Psbref, and the cohtrol_ hydraulic pressure Psi is estimated based on the

‘relationship as indicated by Eq. (1) and the servo hydraulic pressure Psb detected by the

servo hydraulic pressure sensor 243. Then, the pressure-increasing linear control valve
250 and the pressure-reducing linear control valve 252 are controlled so that the control

hydraulic pressure Psi approaches the target control hydraulic pressure Psiref, whereby the

servo hydraulic pressure Psb approaches the target servo hydraulic pressure Psbref, and the

hydraulic pressure of the back chamber 136 -approaches the target hydraulic pressure Pref.
As described above, when the master cylinder 66 is in the first state, the master cylinder 66

functions as a part of the stroke simulator; therefore, the first state may be called “stroke

simulator state”.  Also, the hydraulic pressure of the control chamber 212 is controlled by

the pressure-increasing linear control valve 250 and the preSsure-feducing linear control
valve 252 in the regulator 182, so that the hydraulic pressure of the front preésufizing
chambers 110, 112 is controlled; therefore, the first state may also be called “linear control
state”. In either case, when the master cylinder 66 is in the first state, the hydraulic
pressure of the front pressurizing chambers 110, 112 is controlled by the regulator 182, or
no hydraulic pressure is generated in the front pressurizing chambers 110, 112.

- [0074]  Next, the second state will be described. When the master cylinder 66 is

in the second state, the input chamber 140 is shut off from the annular chamber 132,

reservoir 122, and the stroke simulator 160, and the annular chamber 132 is communicated
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with the resérvoir 122.  Since the input chamber 140 is placed in a so-called confined
condition, the input piston 106 is inhibitéd from moving relative to the pressurizing piston
104.  If the brake pedal 64 is depressed, the input piston 106 is advanced, the pressurizing
pistons 102, 104 are advanced against the bias force of the return springs 118; 120, and a
hydraulic pressure comniensurate with the operating ,forcé’ is generatedv in the front
pressurizing chambers 110, 112. In the second state, the operating feéling of the brake
pedal 64 is determined by the retum> springs . 118, 120, etc. In the regulator 182, the
hydraulic pressure of the front pr_essurizing chamber 112 is supplied to the pilot chamber
210, so that the pﬂot piston 202 is advanced, and the control piston 204 is advanced; as a
result, a hydraulic pressure is generated in the servo preésure chamber 214. The hydraulic
pressure of the servo pressure chamber 214 is supplied to the back chamber 136, and is
épplied to the pressurizing piston 104. Thus, when the master cylinder 66 is in thé,second
state, hydraulic pressure is generated in the front pressurizing chambers 110, 112, owing to
the operétion of the brake pedal 64; therefore, the second state may be called “fnanual
pressurizing state”. Since assfstive force is applied from the regulator 182, the second
state may also be called “booster operating stafe”.

[0075] Next, switching béﬁween the first state and the second state will be
described. As a principle, the master cylinder 66 is placed in the first state when the
hydraulic brake system is in a normal condition, and is placed in the second state when the
hydraulic brake system is in an abnormal condition. Also, the master cylinder 66 is
placed iﬁ the first state when the ignition switch 284 is ON, and is placed in the second
state when the ignition switch 284 is OFF. M.ore specifically, where the hydraulic brake
system is in a normal condition, the master cylinder 66 is in the second state during a
period from the start of application of electri}c current to the brake ECU 56 to the time
when the communication contfol valvé 152 1s actually switched to the bpen position, and
the reservoir shutoff valve 156 is actually switched to the closed position. When curfent
is applied to the brake ECU 56, the brake ECU 56 starts. making preparations, such as

reading of programs, for execution of the programs. After the preparations are completed,

* a command to switch the master cylinder 66 from the second state to the first state (which
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may be simply called “command for switching to the first state”) is issued. Then, current

(is supplied to the solenoids of the communication control valve 152 and the reservoir

“shutoff valve 156, so that the master cylinder 66 is switched to the first state.

[0076]  As shown in FIG. 10A, current is applied to the brake ECU 56 when the

door open/close switch 286 is switched to ON, which serves as a trigger, in a condition

~where the ignition switch 284 is OFF.  Then, the master cylinder 66 is switched to the first

state after the brake ECU 56 makes preparations for execution of programs, as described

~ above. Generally, a preparation time Ts is required from application of current to the

brake ECU 56 to switching of the master cylinder 66 to the ﬁrst state. The driver usually
opens the door on'th_e side of the driver’s seat, gets into the vehicle, depresses the brake

pedal 640, and turns on the ignition switch 284, and the preparation time Ts as measured

_from the time at which the driver opens the door normally elapses by the time at which the

driver depresses the brake pedal 640. Therefore, in most cases, the brake pedal 64 is
depressed after the master cylinder 66 is switched to the ﬁrsf state. Then, the ignition
switch 284 is turned on. While the ignition switch 284 is held in the ON position, current
is kept applied to the brake ECU 56, and the master cylinder 66 is held in the first state,
irrespective of whether or not the brake pedal 64 is operated. -

~[0077] On the other hand, even if current is applied to the brake ECU 56 when the
door on the side of the driver’ seat is opened, and the master cylinder 66 is placéd in the
first state, the ignition switch 284 may not be turned on until after a‘predetermined reset
time Tf elapses, as shown in FIG. 10B. In this case, the bfake ECU .56 is returned to a
non-energized condition,‘ and the master cylinder 66 is returned to the sebond state.
Thereafter, current is applied to the brake ECU 56 when the brake switch 282 is switched
from OFF to ON, Which serves as a trigger, and the master cylinder 66 is switched to the
first state after the preparation time Ts elapses. For exémple, this is the case where the
driver does not immediately get into the vehicle after he/she opens the door on the side of
ihe driver’s seat, or the case where the ignition switch 284 is not immediately turned on
even if the driver gets into the 7vehicle. The reset time Tf may be set to a period of time

that is assumed to indicate that the driver has no intention of immediately starting the
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[0078]  If the reset time Tf elapses from switching of the ignition switch 284 from
ON to OFF, the brake ECU 56 is returned to a non-energized éondition, and the master

cylinder 66 is returned to the second state, as shown in FIG. 10C. Thereafter, the driver

may start the vehicle without getting off the vehicle. In this case, current is applied to the

brake ECU 56 when the brake switch 288 is switched from OFF to ON, which serves as a
trigger, and the master cylinder 66 is switched to the first state after a lapse of the
preparation time Ts.

[0079] ‘Next, control for suppressing change at the time of switching (which will
be called “switching-time change suppression confrol”) will be described. If the master
cy]inder 66 is switched from the second state to the first state while the brake pedal 64 is
being depressed, as éhown in FIG. 10B and FIG. 10C, the operating feeling changes, and
the driver may feel uncomfortable or has a feeling of strangeness. In the second state, the |
hydraulic pressure of the annular chamber 132 is substantially eqﬁal to the atmospheric
preséure (the.hydraulic pressure of the reservoir 122), and the hydraulvic. pressure of the
input chamber 140 is commensurate with or propbrtional to the operating force applied to
the brake pedal 64. However, if the master cylinder 66 is switched to the first state, and
the i/nput chamber 140 and the annular chamber 132 are brought into communication with
each other, the hydralilic pressure of the input chamber 140 is rapidly reduced, and reaction
force applied to the bfake pedal 64 ié‘rapidly reduced. Further, a pedalﬁshock may occur
such as when the brake pedal 64 sini<s’ down. In this embodiment, the switching-time
change suppression control is perfoﬁned when.the master cylinder 66 is switched from the
second state to the first state.  In the switching-time change suppression control, the
communication control valve 152 is switched altema’tely between the open position and the
closed position while the reservoir shutoff valve 156 is in the closed position, as shown in
FIG. 3. Namely, duty control is perforﬁed on the communication control valve 152.
The switching-time change suppression control is stérted when a command for switching
to the first state is issﬁed, and ends when a switching-time control dLuration (set time)

elapses.
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[0080] The duty ratio of the duty control at the start of the switching-time change

suppression control is determined according to a duty-ratio determination table of FIG. 8,
based on the operating stoke of the brake pedal 64 detected by the stroke sensor 280 when
the command for vsw‘itching to .the first state is issued (i.e., immediately before the
switching-time change suppression control is started). In this embodiment, the duty ratio
is represented by the ratio '{Ton/(Ton+Toff)} of the ON time tb the cycle Atime. In the
duty-ratio dcterrnination table of FIG. 8, the duty ratio is determined such that its value ibs
reduced, and the ON time is reduced, as the operating stroke is larger.‘ Also, the duty ratio
is variable between the upper limit and the lower limit, ‘arid the duty ratio is set to the lower
limit DL when the operating stroke is larger than a first set value SH, while the duty ratio is
set to the upper limit DH when the operating stroke is smaller than a second set value SL.
As the hydraulic pressure of the input chamber 140 at the time of switching from the
second state to the first state is higher, a difference in the hydraulic pressure between the
input chamber 140 and the annular chamber 132 is larger, and the rate of reduction in thé
hydraulic pressure of thle i;lput‘ chamber 140 is larger. In the second stat,é, since the -
operating hydraulic pressure sensor 170 is shut off from the inpuf chamber 140, the

hydraulic pressure of the input chamber 140 cannot be directly detected. However, in the

- second state, the hydraulic pressure of the input chamber 140 can be estimated to be higher

aé the operating stroke is larger. Aiso, since the operating feeling in the secpnd state is
determined by the return springs 118, 1'20, efc., the operating force will be -found if the
opefating stroke is found. The duty-ratio determination table is created in view of the
above situations, and the duty ratio is reduced as the operating stroke detected when the

switching-time change suppression control is started is larger. In this manner, change in

the hydraulic pressure of the input chamber 140 when . the input chamber 140 is

communicated with the annular chamber 132 can be suppressed or reduced. Also, a
difference in the rate of reduction of the hydraulic pressure of the input éhamber 140,
between the case where the hydrauli_c preséuré of the input chamber 140 when the
switching-time change suppression control is started is high, and the cé_lse where the

hydraulic pres‘sure of the input chamber 140 is low, can be advantageously reduced.
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[0081] The sWitching-time change suppression control is performed for a
predetermined switching-time control duration. If the length of time for which the
switching-time chanée suppression control is performed is too short, the effect of
alleviating the discomfort or feeling of strangeness and reduaing the pedal shock may not
be sufficiently obtained. If the length of control time is too long, the driver or passenger

may be concerned about operating noise, for example. Thus, the switching-time control

* duration is determined in view of the problems as described above. In this embodiment,

the.;duty_ ratio is gradually increased as time passes, during the switching-time control
duration, so that the duty ratio becomes equal to 1 (OFF time Toff=0) at the time when the
switching-time change suppression control ends, and communication between the inputv
chamber 140 and the annular chamber 132 is gradually chaﬁged from a shut-off condition
to a communicating condition. Thus, duty control is performed on the communication
control valve 152 under the switching-timé c'hange suppression control.  Since the duty
ratio is gradually increased, the op_érating feeling is chaaged at a further reduced rate.
[0082] If the detected valae of the operating hydraulic pressure sensor 170 is
equal to or larger than an abnormality determination thre‘shald value after a determination
time elapses from the start of the switching-time change suppression control, it is
determined that the communication control valve 152 is in a normal condition. If the

detected value of the operating hydraulic pressure sensor 170 is smaller than the

abnormality determination threshold value, it is determined that the communication control

valve 152 is in an abnormal condition in which the valve 152 is stuck in the closed positioﬁ.
Immediately before the start‘ of the sWitching~time change suppression control, the
hydraulic pressure of the annular chamber 132 is substantially equal to the atmospheric
pressure, and therefore, the detected value of the operating hydraulic pressure senaor 170 is
substantially equal to 0 (value corresponding to the atmospheric pressure). If the
communication control valve 152 is duty-controlled while the reservoir shutoff valve 156
is in the closed positi(’)n,‘ the hydraulic pressure of the annular chamber 132 gradually
increases, and the detected value of the operating hydraulic pressure sensor 170 increases

so that it reaches a-value that is equal to or larger than the abnormality determination
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threshold value after a lapse of the deterrhination time. However, if the detected value is
sr;laller than the abnormality determination threshold value after the lépse of the
determination time, it may be concluded that the communication control valve 152 is held
in the closed position (i.e., the communication control valve 152 is abnormélly stuck in the
closed position). In thisi embodimént, it is determined during the switching-time change
suppression control whether the communication control valve 152 is in an abnormal
conditioﬁ in which the valve 152 is stuck in the closed position. In other words, the
determination time is made shorter than the switching-time control duration‘. While the
determination time and the abnormality determination threshold value aré fixed values in
this embodiment, these values may be variable values that are determined based on the
hydraulic . pressure of the input chamber 140 (the magnitude of the operating stroke)
detected when the switching-time change suppression control is sfarted. '

[0083] If an abnormality of the cofnmunication control valve 152 stuck in the
closed po_sitioh is detected, the switching-time change suppression control is discontinued.
or cancelled, and the master cylinder 66 is switched to the second state. It is thus possible
to reduce a change in the operating feeling when the master cylinder 66 is switched to the
second state, as compared Wifh the case where the master cylinder 66 is switched to the
second sfate when an_abnormality of the communication control valve 152 stuck in theb
closed position is detected, after the switching-time vchange suppression control is
completed and the master Cylindef 66 is placed in the first state. - After the abnormality. of
the communication control valve 152 stuck in the closed position is detected, the master ‘
cylinder 66 will not be switched to the first state. | _

[0084] The operating feeling, namely, the relationship between the operating
stroke and the opérating fofce, differs between the éase where the master cylinder 66 is
switched from the second state to the first state while the brake pedal 64 is being bperated
(for example, the cases of FIG. 10B and FIG. 10C), aﬁd the case where the master cylinder

66 is in the first state when the brake pedal 64 starts being operated (for example, the case

¢of FIG. 10A). For example, when the master cylinder 66 is in the first state from the start

of operation of the brake pedal 64, the operating feeling is determined by the stroke
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simulator 160, and is represented by the relationship between the operating stroke
indicated by the broken line in FIG. 9 and the hydraulic pressure of the input chamber 140
indicated by the two-dot chain ling. The hydrauﬁc pressure of the input chamber 140 is
correlated with the operating' force. ~ On the other hand, the operating feeling when the
master cylinder 66 is in the second state is determined by the return springs 1v18, 120, etc.,

and is represented by the relationship between the operating stroke indicated by the broken

| line in FIG, 9 and the hydraulic pressure of the input chamber 140 indicated by the solid

line. This hydraulic pressure of the input chamber 140 is also correlated with the
operating force. When the master cylinder 66 is switched from the second state to the
first state while the brake pedal 64 is being operated, the stroke simulator 160 is started
from the start of the duty control, and therefore, the operating force is likely to be small
relative to the operating stroke.. ~ Also, when the operating stroke is in the vicinity of the
tull stroke, the operating force cannot be sufficiently restored due to characteristics of the
stroké simulator 160. As a result, the operating feeling is likély to be répresented b.y the
relationship between the operaﬁng stroke indicated by the broken line in FIG. 9 and the
hydraulic pressure of the input chambler_ 140 indicated by the 0né¥d0t chain line (in FIG. 9).
The hydraulic pressure of the input chamber 140 is-also correlated with the operating forée.

It may be concluded from the above description that, when ‘the master cylinder 66 is

switched from the second state to the first state, the operating stroke, rather than the

operating force, reflects the intention of the driver more with higher accuracy, during
execution of the switching-time change suppression control, and after the master cylinder
66 is switched to the first state.

[0085] In the meantime, when the master cylinder 66 is in the first state, the target
hydraulic pressure Pref of the back chambef 136 is determined based on the required fotal
braking force Fref and the regenerative braking force, and the required total braking force
Fref is determined according to the above equation (2), as described above. In this case,
when the master cylinder 66 is switched to the first state while the brake pedal 64 is being
operated, the .weight v of the operating stroke S is increased, as compared withvthe’case

where the master cylinder 66 is in the first state from the start of operation of the brake
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pedal 64. As aresult, even in the case where the master cylinder 66 is switched from the

second state fo the first state, the intention of the driver can be favorably reflected by the

required total braking force Fref, and the braking feeling is prevented from being

deteriorated. = The weight y may be set to 1.
[0086] A state switching control program illustrated in the flowcharts of FIGs. 4A
and 4B is executed at predetermined time intervals. In step S1, it is determined whether

the brake switch 282 is ON, and it is determined, in step S2, whether the master cylinder

| 66 is in the first state. If the brake switch 282 is ON, and the master cylinder 66 is in the

first state, affirmative decisions (YES) are made in steps S1, S2, and a»switching-ti‘me

change suppression control flag is set to OFF (initialized). The switching-time change

suppression control flag is ON while the switching-time change suppression control is
being performed. On the other hand, if the master cylinder 66 is not in the first state, it is

determined in step S4 whether the switching-time change'suppression control flag is ON,

and it is determined in step S5 whether a command for switching to the first state has been

issued. While the switching-time change suppression control flag is OFF, and the

eommand for switehing to the first state is not issued, negative decisions (NO) are made in |
steps S4, S.S, and a switching completion flag is set to OFF (initiaiized) in step S6. The
switching completion flag is set to ON when the master cylinder 66 is switched from the
second state to the first state. - When the master cylinder 66 is in the first state at the time
when the brake pedal 64 is depressed, as shown in FIG. 10A, affirmative decisions (YES)
are made in steps S1, S2, and steps S1 — S3 are repeatedly executed. On the o/ther hand,
when the brake pedal 64 is depressed while the master cylinder 66 is in the second state,
and no.command for switching to the first state has been issued, as shown in FIGS. 10B,
10C, steps S1, S2, S4, S5, S6 are executed. If a command for switching to the first state
is issued while steps S1, S2, S4, S5, ‘S6 are repeatedly eXecuted, an affirmative decision
(YES) is made in step S5, the switching-time change suppression control flag is set to ON
in step S7, and the reservoir shutoff valve 156 is placed in the closed position in step S8.
In the following step S9, the operating stroke is detected, and the duty ratio at the start of

the switching-time change suppression control is determined according to the table of FIG.
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[0087] When the program illustrated in the flowchart of FIG. 4 is executed next
time, an affirmative decision (YES) is made in step S4 since the switching-time change

suppression control ﬂag> is ON, and it is determined in step S10-whether a finishing

condition under which the switching-time change suppression control is finished is

satisfied. If a negative decision (NO) is made in step S10, it is determined in step S11 -
whether a‘discontinUing condition under which the switching-time change suppression
control is discontinued is satisfied. If neither the ﬁnishing'condition nor the discontinuing

condition is satisfied, the switching-time change suppression control is performed in step

S12. Namely, the duty control of the communication control valve 152 is performed.

The finishing condition is that the switching-time control duration has elapsed, and the
discontinuing condition is that an abnormality of the communication control valve 152

stuck in the closed position is detected. If the finishing condition is satisfied while steps

- S1, 82, 5S4, S10 — S12 are repeatedly executed, the control goes to step S13 in which the

master cylinder 66 is placed in the first state, and the communication control valve 152 is
placed in a fully open condition (the duty’lratio is set to 1), and then goes to step S14 in

which the switching completion flag is set to ON. When the program of FIG. 4 is.

- executed next time, an affirmative decision'(YES) is made in step S2 since the master

cylinder 66 is in the first state, and the switching-time fchange suppression control flag is -
set to OFF in step S3. Subsequently, steps S1 — S3 are rebeatedly executed.

[0088] | On the other hand, if an abnormality of the communication control valve
152 stuck in the closed position is detected while steps SI, S2, S4, SI10 — SI2 are
repeatedly‘ executed, an affirmative decision (YES) is made ir; step S11, and the control
goes to step S15 in which the switching-time change suppression control flag is set to OFF
(the switching-time change suppression control is discontinued), and then goes to step S16
in which the master cylinder _66 is returned to the second state. In this state, the
communication control valve 152 is placed in the closed position, and the reservoir shutoff
valve 156 is switched to the open position. Subsequently, steps S1, S2, S4, S5 and S6 are

repeatedly executed. When an abnormality of the communication control valve 152 stuck
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in the closed position is detected, no command fdr switching to the first state is issued after
the detection of the abnormality; therefore, step S7 and subsequent steps will not be
executed. When the brake switch 282 is OFF, a negative decision (NO).is made in step
S1, and the swifching completion flag is set to OFF in step S17. For 'exarr‘lple, if the brake
pedal 64 is released after the master cylinder 66 is switched from the second state to the
first state while the brake pedal 64 is being operated, and then»the brake pedal 64 is
depressed again while the ignition switch 284 is kept from being OFF (i.e., the ignition
switch 284 is held ON), the master cylinder 66 is in the first state. In this case, if the
switching completion flag is ON, step S84 (FI[C‘{. 7) would be executed when the target
hydraulic pressure of the back chamber 136 is determined; thus, the weight o of the
operating stroke S is increased,.' and the target hydraulic' pressure cannot accurately
represent the intention of the driver. To brevent this situaﬁon, the"swi.tching completion
flag is st to OFF when the brake switch 272 is OFF. |

[0089] An abnormality of the communication control valve is detected by

executing the program of FIG. 5. In step S41, it is determined whether the switching-time

change suppréssion control flag.is ON. When this flag is ON, the detected value P of the

operating hydraulic pressure sensor 170 is read in step S42. It is then determined in step
S43 whether the determination time has elapsed since the switching-'time change
suppression control was started. Before the determination time elapses, it is determined
iﬁ step S44 whether the detected valﬁe P of the operating hydraulic pressure sensor 170 is
equal to or larger than an abnormality determination threshold value Pth. Steps S41 —
S44 are repeatedly executed before the detérrhination time elapses. If the detected value
P becomes équal to or larger than the abnormality determination threshold value Pth, it is
determined in step S45 that the communication control valve 152 is in a normal condition.
On the other hand, if the determination time elapses, an affirmative decision (YES) is made
in sfep S43, and it is determined in step S46 whether the detected value P is equal to or
larger than the abnormality determination threshold value Pth. If the detected value P is’
smaller than the abnormality determination threshold value Pth, it is deterrhined in step

S47 ’that the communication control valve 152 is in an abnormal condition in which the
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valve is stuck in the closed position. If the communication control valve 152 is
abnormally stuck in the closed position, the discontinuing condition is satisfied, and an
affirmative decision (YES) is made in step S11. In this que’, thé master cylinder 66 is
returned to the second state in step S16.

- [0090] A specific control example is illustrated in FIG. 9. If the brake pédal 64
is depressed while the master cylinder 66 is in the second state, the brake swifch 282 is

switched from OFF to ON at time t0, and current is applied to the brake ECU 56. At time

Y

tl, a command for switching to the first state is generated, and switching-time change

suppression control is started. Specifically, the reservoir shutoff valve 156 is placed in
the closed bosition; and duty control is performed on the communication control valve 152.
If the switching-time control duratioﬁ elapses at time t2, the duty‘r'atio i1s set to 1, and the
communication control valve 152 is placed in the open position. In the switching-time
change suppression control, the duty ratio is increased as time passes, and is mad¢ equal to
1 at the time when thé switching-time change suppression control ends. Thlis, in this
embodiment, when the master cylind_er is switched from the second state to the first state,

the switching-time change suppression control is performe_d, and duty control is performed‘

on the communication control valve 152. In this case, since the operating stroke is in the

vicinity of the full stroke, the operating ‘stroke is kept substantially constant, and the
reaction force is slowly réduced down to a magnitude determined by the stroke simulator
160. As a result, the hydraulic pressure of the inputlchamber' 140 is reduced at a reduced
rate, and chénge in the reaction force is suppressed. Thus, change in the operating feeling
is éuppressed (i.e., the operating feeling is less likely to change), and pedal shock can be
alleviated or eliminated. o

[0091] In this embodiment; when the master cylinder 66 is in the first state, or the
switching-time change subpressibn control is being performed, a regulator hydraulic
pressure control program illustrated in the flowchart of FIG. 6 is executed, so that the
hydraulic pressure of the control chamber 212 is controlled, and the hydraulic pressure of
the back chamber 136 of the master cylinder 66 is controlled. In steps 'S61, S62, it is |

determined whether the master cylinder 66 is in the first state, and whether the
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switching-time change suppression control is being>performed; If an affirmative decision
(YES) is made iﬁ step S61 or S62, the required total braking force is determined in step
S63, and it is determined in step S64 whether the rquired hydraulic braking force is larger
than O (whether there is a request for operating the hydraulic brakes 40, 50). If the
required hydraulié braking force is larger than 0, the target hydraulic pressure Pref of the
back chamber 136 is determined in sfep S65, and the hydraulic pressure of the control
chamber 212 is controlled by means of the pressure-increasing linear control valve 250 and
the préssure-reducing linear control valve 252 in step 566, so that the hydraulic pressure of
the servo pressure chamber 214 approaches the target servo hydraulic pressure Psbref (the
target hydraulic pressure Pref of the back chamber 136). On the other hand, if' the
required hydraulic braking force is 0, steps S65, S66 are not executed.

[0092] The required total braking force is determined according to the sﬁbroutine
of FIG. 7. In step S81, the detected values of the stroke sensor 280 and the operating
hydraulic pressuré sensor 170 are obtained. It is determined in step S82 whether the
switching-time change suppression control flag is ON, and it is determined in step S83
whether the switching completion flag is ON. If either of these ﬂags is ON, the required
braking force is determined in step S84, according to the following _equat_ion (3).

Pref=Sxo+(1—a)xF (3) '

If both of the above flags are OFF, namely, when the master cylinder 66 is in the first state
from the start of operation of the brake pedal 64, the required total. bfaking force 1s .
determined in step S85, according to the following equation (4).

" Pref=SxB+(1-B)xF €))
The weight a is larger than the weight (oc>B).. Thus, when the master cylinder 66 is
switched from the second state to the first state after the brake switch 282 is turned on, fhe

weight of the operating stroke S used when the target hydraulic pressure Pref of the back

chamber 136 is determined (When the required total bréking forcé Fref is determined) is

made larger than that in the case where the master cylinder 66 is in the first state from the
time when the brake switch 282 is turned on. As a result, even when the master cylinder

66 is witched to the first state while the brake pedal 64 is beiﬂg operated, the hydraulic
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pressure of the back pressure 136 can be controlled to a level that matches or accurately

represents the intention of the driver, and deterioration of the braking feeling can be

‘reduced or curbed. While step S84 is executed, and the weight y of the operating stroke is

increased during the switching-time change suppression control, in this embodiment, step
S85 may be exeéuted. Also, stép S85 may be executed during a period from the start of
the switching-time change suppression control to a lapse of a set time, and step S84 may be
executed after the ‘set time elapses, until the switching-time control duration expires.
Further, the weight § may be a default value. The weight o may be a variable value.

[0093]  In this embodiment, the communication control valve 152, reservoir

* shutoff valve 156, a portion of the brake ECU 56 which stores steps S8, 89, S12, S13, S16

of the state switching control program of FIG. 4, and a portion of the brake ECU 56 Which
executes these steps, etc..constitute a master-cylinder state‘ switching device, of which the
communication control valve 152, reservoir shutoff valve 156, a portion of the brake ECU‘
56 which stores steps S8, S9, S12 of th_e state switching control program, and a portion
thereof which executes these steps, etc. constitutes a switching-time change suppression
unit. A portion of the switching-time change suppression unit Which stores step S12, a
portion thereof which executes step S12, etc. constitute an input chamber communication
control unit, and a pdrtion thereof which stores step S9, a portion thereof which executes
step S9, etc. constitutes a duty ratio détermining unit. The input chamber communication
control unit may. also be a solenoid valve control unit, or a communication valve duty
control unit. The operating hydraulic préssure sensor 170, a portion of the brake ECU 56
which stores the communication control valve abnormality detection program, a portion
thereof which executes the program, etc. constitute a communication control valve
abnormality detecting unit, and a portion of the brake ECU 56 which stores step S16 of the
lstat‘e switching control program, and a portion thereof which executes step S16, etc.

constitutes a switching unit that switches the master cylinder to the second state when an

- abnormality is detected. Also, the linear VaIVe device 184, a portion of the brake ECU 56

which stores the regulator hydraulic pressure control program, a portion thereof which

executes the program, etc. constitutes a brake cylinder hydraulic pressure control device, of
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which a portion that stores steps S63, S65, a portion that executes these steps, etc.
constitutes a target hydraulic pressure determining unit, and a portion that stores the
required total braking force determining routine, a portion that executes this routine, etc.

constitutes a determining unit that determines the required total braking force in different

modes.

[0094]  When the operating stroke is smaller than the full stroke in the case where

the master cylinder 66 is switched from the second state to the first state while the brake -

. pedal 64 is being operated, the driver may depress the brake pedal 64 so that the reaction

force is increased at a constaﬁt raté. In this case, the operating stroke may increase
rapidly, and the operating force may approach the two-dot chain line in FIG. 9. In this
case, it may be concluded that the operating force, rather than the operating stroke, reflects
the intention of the driver with higher accuracy; therefore, it is desirable to reduce the
Weight vof the operating stroke when determining the required total braking force. When
the driver performs an operation to rapidly increase the operating stroke, the rate of
increase in the detected value of the stroke sensor 280 may be equal to or larger than a set
value, after the switching-time change suppression control is étarted. Accordingly, when
the rate of increase in the detected value of the stroke sensor 280 when the switching-time
changé suppression control is started is larger than a set rate, thebweight o of the operating
stroke S rﬁay be made smaller than the wéight B when the fequired total braking force Fref
is obtained.

[0095]  While the communication contfol valve 152 is a solenoid-operated on-off
valve in the illustrated embodiment, it may be é solenoid-operated linear control valve. In-
this case, the opening of the communication control valve 152 is reduced as the operating
stroke detected at the start of the switching-time change suppression control is larger. *
Also, the opening of the communication control valve 152 may be gradually increased so
as to be equél to the maximum value (so that the valve is fully opened) after a lapse of the
’switching-time control duration. The determination time for which it is determined

whether there is an abnormality in the communication control valve 152 may be set to be

“equal to or longer than the switching-time control duration. In this case, an abnormality
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-may be detected after the switching-time change suppression control is completed. Also,

‘an abnormality may be detected, based on a determination as to whether the rate of

increasev in the detected vélue of the operating hydraulic pressure sensor 170 is smaller than
an abnormality determination threshold value. It is not essential to perform the
regeneration coordination control. The present inventi;t)n may be appligd to a hydraulic
brake system in which the hydfaulic pressures of the brake cylinders 42, 52 are controlled
so as to achieve the required total braking force when the master cylinder 66 is in the first
state; and the target hydraulic préssure Pref of the back chamber 136 méy be determined in
any manner. The master cylinder 66 and the back pressure control device 68 may be |
constructed in any fashion. For example, the hydraulic pressure of the input chamber 140
may be applied to the pilot chamber 210 of the regulator 182; and the stere simulator 160
may be provided separately from the main body of the master cylinder 66.

[0096] It is not essential to perform detection of an abnormality in the

communication control valve 152, and make the weight of the operating stroke used when

‘deterniining the target hydraulic pressure of the back chamber 136 different between the

case where the master cylinder 66 is switched from the second state to the first state while
the brake pedal 64 is being depressed, and the case where the master cylinder 66 is in the
first state at t/he timé when the brake pedal 64 starts being‘ depressed. - Also, it is not
essential to gradually increase thé duty ratio under the switching-time change suppression

control. The duty ratio may be constant during the switching-time change suppression

‘control.  The invention may be embodied in various forms other than those as described

above, with various changes or improvements, based on the knowledge of those skilled in

the art to which the invention pertains.
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CLAIMS:

1. A cylinder device, comprising:

a master cylinder provided on a vehicle and including a housing, a pressurizing piston,
an input piston and an input chamber, the pressurizing piston being fluid-tightly and
slidably fitted in the housing andv operable to generate a hydraulic pressure in a front
pressurizing chamber, the input piston being linked with a brake operating member and
fluid-tightly and slidably fitted in the housing, the input piston being located in the rear of
the pressurizing piston, and the input chamber being provided between the inpﬁt piston and
the pressurizing piston; and

a master-cylindef state switching dévice configured to switch the master cylinder
between a first state and a second state, the input pistoﬁ being allowed to move relative to
the pressurizing piston in the first state and the input piston being inhibited from moving
relative to the p'ressurizingv piston in the second state; and the master-cylinder state
switching device including a switching-time change "svuppression unit co\nﬁgured to
suppress at least one of volumetric change and hydraulic pressure change of the input

chamber during switching between the first state and the second state.

2. The cylinder device according to claim.2, wherein:
the pressurizing piston includes a front piston portion and a middle piston portion, the
front piston portion is opposed to the front p’ressurizing chamber,_and‘ the middle p.iston\
portion is provided in a middle portion of the pressurizing piston and has a larger diameter
than a diameter of the front piston portion;’ | |
the master cylinder includes an ahnular-qhamber provided in front of the middle
piston portion;
the master-cylinder state switching device is configured to communicate the input
_chamber with the annular chamber in the first state, the mastevr—cvylinder state switching
‘device is configured to shut off the input chamber from the annular chamber, and the

~master-cylinder state switching device islconﬁgured to communicate the annular chamber
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with a low-pressure source in the second state; and

the switching-time change suppression ‘unit includes an input chamber
cdmmunication control unit configured to contrbl a condition of communication between
the input chamb‘er. and the annular chamber when the master cylinder is switched from the

second state to the first state.

3.-The cylinder device according to claim 2, further comprising:

a connecting | passage configured to connect the input chamber with the annular
chamber, the connecting passage being conﬁected with the low-pressure source; wherein:

the master-cylinder state switching .device includes a communication control valve
and a low-pressufe source shutoff valve, the éommunication control valve is provided in a
pbrtion of the connecting passage closer to the input chamber than a portion of ‘the
connecting passage to which the low-pressure source is connected, the communication
control valve is configured to be switchable at least between an open position and a closed
posifion, the low-pressure source shutoff valve is provided between the connecting passage
and the low-pressure soufce, and the low-pressﬁre source shutoff valve is con'ﬁgured to be
switchable at least between an open position and a closed position;

the mastef—cylinder state switching device is configured to‘place the low-pressure
source shutoff valve in the closed position and to place the comrﬁunication control valve in
the open position in the first state, and the rhaster—cylinder state switching device is
configured to piace the low-pressure source shutoff valve in the open position and to piace
the communication control valve in the closed position in the second state; and

the inpu{ chamber commﬁnication control ﬁnit includes a solenoid valve control unit
configured to contfol the communication control valve while the low-pressure source
shutoff valve is in the closed position, so that the condition of communication between the
" input chamber and the annular chamber is gradually changed from a shutéoff éondition toa

communicating condition.

4. The cylinder devfi(ce according to claim 2 or 3, further comprising:

&
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a connecting passage configured to connect the input chamber with the annular
chamber, and to be connected with the low-pressure source, wherein:
the master-cylinder state switching device includes a communicati'onh control valve
and a low-pressure source shutoff valve, the comrnunication control valve is provided in a
portion of the connecting passage closer to the input chanl_ber than a portion of the
connecting passage to which the low-pressure source is connected, the commnnication
control valve is configured to be switchable at least between an open position and a closed
position, the low-pressure source shutoff valve is provided between the connecting passage
and the low-pressure source, and the low-pressure source shutoff valve is configured to be
switchable at least between an openvposition and a closed position;
the master-cylinder state switching device is configured to place the low-pressure
source shutoff valve in the closed position and to place the communication control \}alve in
“the open position in the first state, and the master-cylinder state switching device is
configured to place the low-pressure source shutoff valve in the open position and to place
the communication control valve in the closed position in the second‘state;
| the input chamber communication control unit i‘ncludes. a communication Valye duty
control unit configured to switch the communication control valve alternately between the
open position and the closed position while the low-pressure source shutoff valve is in tne
closed position; and
| the communi‘cation valve duty control unit includes a duty-ratio determining unit
configured to reduce a dutyi ratio as a ratio of an open time to a cycle time, the
communication control valve being in the open position for the open time, as an operating
stroke of the brake operating member at the time of switching from the second state to the

first state is larger.

5. The cylinder device according to claim 3 or 4, further comprising:
a hydraulic pressure sensor provided in a portion of the connecting passage closer to
the annular chamber than the communication control valve; and

a communication control valve abnormality detecting unit configured to determine



WO 2013/144702 PCT/IB2013/000520

52
that the communication cohtrol'valve is in an abnormal condition, in a case where a
detected value of the hydraulic pressure sensor is smaller than an abnormality
determinat_ion threshold value when a determination time elapses from start of control

performed by the switching-time change suppression unit.

6. The cylinder device according to claim 5, wherein the master-cylinder state
~ switching device includes a switching unit configured to switch the master cylinder to the
second state when an abnormality of the communication control valve is detected by the

communication control valve abnormality detecting unit.

7. The cylinder device according to -any von»e of .claims .3 through 6, further
comprising: | |

a‘ stroke simulator connected to a pqrtion of the connecting passage closer to the
annﬁlar chamber than a portion of the connecting passage to which the low-pressure source -
is connected, the stroke simulator being configured to détermine operating feeling of the

brake operating member.

8. The cylvinder device according to any one of claims 1 through 7, wherein the
master-cylinder state switching device includes a switching command generating unit
conﬁgﬁred to generate a command to switch the master cylinder from the second state to
the first state, in at least one of the case where the brake operating member is operated, and
the case where a hydraulic pressure is required to be developed in the front pressurizing

~ chamber.

9.A cylinider device, comprising:

a master cylinder including a housing, a pressurizing piston, an input piston, an input
charﬁber and an annular chamber, the pressurizing piston being fluid-tightly and slidably
fitted in the hdusing and having a front piston p(jrtién and a middle piston portion, the front

piston portion being provided in a front portion of the pressurizing piston, the middle ’
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piston portion being provided in a middle portion of the pressurizing piston and having a
larger diameter than a diameter of the front piston portion, the pressurizing piston being
~operable to generate a hydraulic pressure in a front pressurizing chamber as a pressurizing
chamber located in front of the front piston portion; the input piston being linked with a
braké ‘operating member and fluid-tightly and slidably fitted in the housing, the input
piston being located in the rear of the pressurizing piston; the input chamber being
provided.between the input piston and the pressurizing piston; and the annular chamber
being provided in front of the middle piston portion; and

, a‘.master-cylinde‘r state switching device configured to switch the master cylinder
* between a first stafe and a second state, the input chamber communicating with the annular
’chamber in the first state, the input chamber béing shut off from the annular chamber’and
the annular chamber communicating with a low-pressure source in the second state, .and
the fnaster-cyiinder state switqhihg device including a switching-time change suppreséion
unit configured to reduce at least one of volumetric change and hydraulic pressure chénge

. of the input chamber during sWitching from the second state to the first state.

10. A hydraulic brake system, comprising:

the éylinder device according to any one of claims 1 through 9;

a brake cylinder hydraulic pressure cohtrpl de\)ice conﬁguréd to control a hydraulic
pressure of the front pressurizing chamber so as to control a hydraulic pressure of each of
brake cylinders of .hy’draulic brakes connected to the front pressurizing chamber and
operable to curb rotation of whéels of the vehicle, wherein

‘the pressurizing piston includes a front pistoﬁ portion, a middle piston portion and a
rear small-diameter portion, the front piston portion being opposed to the front pressurizing
chamber, the middle piston portion being provided in a middle portion of the pressurizing
vpiston and having a larger diameter than a diarﬁeter of the front piston portion, and the rear
small-diameter portion being providéd at the rear of the middle piston portion and having a
smaller diameter than a diameter of the middle piston portion; |

the master cylinder includes a back chamber provided at the rear of the middle piston
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portion; and -
the brake cylinder hydraulic pressure control device includes a back pressure control
‘device configured to control the hydraulic pressuré of the front préssurizing chamber by
controlling a hydraulic pressure of the back chamber, the back pressure control device

thereby controlling the hydraulic pressure of the brake cylinders.

11. The hydraulic brake system according to claim 10, whérein:

the cylinder device includes a connecting passage connecting the input chamber with
the annular chamber; |
| when the master cylinder is in the ﬁrét state, the master-cylinder state switching
device communicates the input chamber with the annular chamber and communicates the
‘input chamber and the annular chamber with a stroke simulator conﬁgured to determine
opérating feelving of the brake operating member, while shutting off the inpuf chamber and
the annular chamber from a low-pressure source; - »

when the master cylinder is in the second state, the master-cylinder state switchingv
device shuts off the input chamber fr?'m the annular chamber, the low—pressuré'sourée and
the stroke simu_lator and communicates the annular chamber with the low-pressure source;

the back pressure coﬁtrol device includes a stroke sensor, a hydraulic pressure sensor
" and a target hydraulic pressure deterrﬁining unit, the stroke sensor detecting a stroke of the
brake operating member, the hydraulic pressure sensordetecting a hydraulic pressure of
the annular chamber and the target hydraulic pressure detérmining unit _conﬁgured to
determine a target hydraulic pressuie of the back chamber based on at least one of a
detected value of the hydraulic pressure s_ensor and a detected value of the stroke sensor;
and

the target hydraulic pressure determining unit includes a different-mode determining
unit configured to determine the target hydraulic pressuré of the back chamber in different
modes, between the case where the master cylinder is switched from the second state to the
first state while the brake operating member is beingvoperated, and the case where the

master cylinder is in the first state from the time when the brake operating member starts
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being operated.
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