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(57) Abstract: The present invention relates to a master cylinder arrangement (1) for a brake system (10), comprising a tandem master
cylinder (2) including a master cylinder housing (20), a first master piston (23) movably arranged in the master cylinder housing (20), a
second master piston (24) movably arranged in the master cylinder housing (20), a balancing piston (7) movably arranged in the second
master piston (24), and an elastic pedal feel element (50). The invention further relates to a hydraulic system for a brake system as

well as a brake system (10).
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Description

Title of Invention: MASTER CYLINDER ARRANGEMENT FOR

[1]

[2]

[3]

[4]
[5]

[6]

[7]

A BRAKE SYSTEM
Technical Field

The present invention relates to a master cylinder arrangement for a brake system, a
hydraulic system for a brake system as well as a brake system. The master cylinder ar-
rangement, the hydraulic system and the brake system can be used in a normal

operating mode, an emergency mode and/or a test mode.

Background Art

A conventional powered braking system is shown for example in Fig. 1 of US
2014/01594773 Al. In such a conventional brake system, a pedal travel sensor is
coupled to a brake pedal and operable to detect an amount of travel of the brake pedal,
so that a corresponding signal can be sent to a controller. The controller interprets the
signal and sends a further signal to a hydraulic pressure supplier including an actuator.
In turn, the actuator pressurizes braking fluid to operate hydraulic wheel brakes. Fur-
thermore, a separate pedal feel simulator is provided to mimic the feel and travel
present during braking of a conventional braking system that supplies fluid directly

from a master cylinder to wheel cylinders.
Disclosure of Invention
Technical Problem

The object of the present invention is to provide an alternative master cylinder and a

pedal feel simulator.

Solution to Problem

According to claim 1, a master cylinder arrangement for a brake system is provided.

The master cylinder arrangement comprises a tandem master cylinder including a
master cylinder housing, a first master piston movably arranged in the master cylinder
housing, a second master piston movably arranged in the master cylinder housing, a
balancing piston movably arranged in the second master piston, and an elastic pedal
feel element.

The master cylinder housing encloses a first master chamber and a second master
chamber. The first master piston is directly displaceable by operating a brake pedal.
The second master piston is a floating piston and separates the first master chamber,
which is between the first master piston and the second master piston, from the second
master chamber.

The elastic pedal feel element is arranged in the first master chamber to be in contact

with the first master piston and the second master piston for generating a pedal force
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when the brake pedal is operated while the second master piston is locked in a normal
operating mode.

Moreover, the second master piston encloses a balancing chamber, the balancing
piston separating the balancing chamber from the second master chamber and the
balancing chamber being hydraulically connected to the first master chamber via a
balancing path for balancing a first hydraulic pressure in the first master chamber and a
second hydraulic pressure in the second master chamber when the second master
piston is unlocked in an emergency operating mode.

A first ventilation channel is provided in a piston wall of the second master piston,
the first ventilation channel hydraulically connecting the balancing chamber to a first
inlet for brake fluid supply in a rest position of the second master piston so that the
first master chamber is hydraulically connected to the first inlet via the balancing path
and the first ventilation channel, wherein a first cut-off valve is arranged in the
balancing path for blocking the balancing path in a test mode of the master cylinder ar-
rangement.

When the master cylinder arrangement is operated in the normal operating mode
during a brake action, the first master piston is advanced towards the second master
piston thereby resulting in a deformation of the elastic pedal feel element. In the
proposed the master cylinder arrangement, the elastic pedal feel element can mimic the
pedal force of a brake pedal of a conventional braking system during a braking action.
Thus, the elastic pedal feel element can function as a pedal simulator and the driver ex-
periences a counterforce when the brake pedal is operated. As the elastic pedal feel
element is integrated in the master cylinder, no separate pedal simulator or additional
switching or locking valves are required.

The emergency mode may be used as a back-up mode / hydraulic fall-back mode, for
instance when there is a power failure or when one or more electrically actuated valves
do not function properly. In the emergency mode braking fluid can be supplied directly
from the tandem master cylinder arrangement to hydraulic wheel brakes. Thus, the
master cylinder arrangement may be connected to hydraulic wheel brakes of a brake
system and may allow operating the hydraulic wheel brakes in case of an emergency.

When the master cylinder arrangement is operated during a braking action in the
emergency mode, pressure differences between the first and second master chambers
may arise, for instance by virtue of the elastic pedal feel element disposed in the first
master chamber and between the first and second master pistons. The balancing piston
facilitates pressure equalization between the first master chamber and the second
master chamber in the emergency mode. In this way, equalized pressures can be
provided to operate the hydraulic wheel brakes of the brake system. It should be

mentioned that the pressure equalization by means of the movable balancing piston is
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accomplished without using a direct hydraulic connection between the first and second
master chambers, i.e. without brake fluid exchange between the first and second master
chambers.

The first cut-off valve thereby allows the first master chamber to be pressurized in
the test mode for testing tightness of the first master chamber and, in particular, of
seals of the first master chamber. Furthermore, no extra inlet and no channel in the first
master piston is needed for ventilating the first master chamber, a further consequence
being that the number of cut-off valves required for testing the tightness of the first
master chamber and its seals is reduced to a minimum. Notable, the first ventilation
channel may also allow ventilating / filling the balancing chamber with brake fluid.

A second ventilation channel may provided in the piston wall of the second master
piston, the second ventilation channel hydraulically connecting the second master
chamber to a second inlet for brake fluid supply in the rest position of the second
master piston. By virtue of this configuration, the second master chamber may be filled
with hydraulic fluid, e.g. after a braking action in the emergency mode.

A plurality of seals may be envisaged to seal parts of the master cylinder ar-
rangement. For instance, a first seal, a second seal, a third seal and/or a fourth seal can
be arranged between the piston wall of the second piston and a wall of the master
cylinder housing. The first, second, third and/or fourth seals may be annularly shaped
and may surround the second master piston. Said seals may be configured to fit in cor-
responding recesses or grooves formed in the piston wall of the second piston or the
wall of the master cylinder housing.

For instance, the first inlet may be arranged between the first seal and the second
seal. Further, the second inlet may be arranged between the third seal and the fourth
seal. Optionally, the balancing path passes through a hole in the wall of the master
cylinder housing which is arranged between the second seal and the third seal.

The first seal may provide a fluid tight seal between the first master chamber and the
first inlet, and may prevent fluid from directly flowing from the first master chamber to
the first inlet. The second seal may provide a fluid tight seal between the first inlet and
a reservoir (see below) when the second master piston is moved out of its rest position.
The third seal may provide a fluid tight seal between the hole and the second inlet, and
may prevent fluid from flowing from the hole to the second master chamber. The
fourth seal may provide a fluid tight seal between the second master chamber and the
second inlet, and may prevent fluid from flowing from the second master chamber to a
reservoir (see below) when the second master piston is moved out of its rest position.

In exemplary embodiments, the balancing path comprises a part of the first ven-
tilation channel or an extra balancing channel provided in the piston wall of the second

master piston. The balancing channel may be axially offset from the first ventilation
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channel. In further embodiments, the first ventilation channel and/or the balancing
channel may be arranged to span a sealing lip of the second seal in the rest position of
the second master piston.

It may be envisaged that the first cut-off valve is a normally open valve. The first cut-
off valve can be closed in the test mode, while the first cut-off valve can be opened in
the emergency mode. In the normal operating mode, the first cut-off valve can be
opened or closed.

In some examples, a spring is arranged in the balancing chamber biasing the
balancing piston towards a rest position in which the balancing chamber assumes a
maximum volume. The spring may facilitate urging the balancing piston back to its
rest position when changing from the emergency mode to the normal operating mode
and/or when changing from a brake position towards a non-braking position (also
called rest position) in the emergency mode.

The balancing chamber may be formed by a recess in the second master piston. In
some instances, the recess may be cast together with the second master piston or
machined in the second master piston.

In exemplary embodiments, a spring is arranged in the second master chamber
biasing the second master piston towards the first master piston and towards its rest
position. The spring may facilitate urging the second master piston back to its locking
position when changing from the emergency mode to the normal operating mode and/
or when changing from a brake position towards a non-braking position in the
emergency mode. The non-braking position (also called rest position) of the second
master piston in the emergency mode may correspond to the locking position of the
second master piston in the normal operating mode.

In the normal operating mode, the balancing piston is typically in its rest position.
The second master piston may be in its locking position in the normal operating mode.
In the emergency mode, the second master piston can be unlocked and moved out of its
locking position. During a brake action, pressurized brake fluid in the first master
chamber and the elastic pedal feel element urge the second master piston out of its
locking position. Due to the elastic pedal feel element the pressure in the second
master chamber may be higher than the pressure in the first master chamber. When the
pressure inside the second master chamber is higher than the pressure inside the first
master chamber, the balancing piston may be moved out of its rest position thereby in-
creasing decreasing the volume of the balancing chamber. As the balancing chamber is
hydraulically connected to the first master chamber, the pressure inside the second
master chamber and the pressure inside the first master chamber can be equalized.
After the brake action, the balancing piston is moved back to its rest position.

As the second master piston can be locked in the normal operating mode and/or the
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test mode, a volume of the second master chamber can be substantially constant in said
modes. Thus, pressure equalization between the first master chamber and the second
master chamber may not be not required in the normal operating mode or in the test
mode. Therefore, the balancing piston is typically redundant in the normal operating
mode and/or the test mode.

The elastic pedal feel element may be made of an elastomer. The elastic pedal feel
element may comprise a body, which may be a solid body. Furthermore, the body of
the elastic pedal feel element may be an elongated body having a first axial end
portion, an opposing second axial end portion and an intermediate portion
therebetween. Furthermore, a longitudinal direction of the elongate body may be
axially aligned with the master cylinder. Optionally, a centreline of the elongate body
may coincide with a centreline of the master cylinder. The first axial end portion of the
body may be in contact with the first master piston, while the second axial end portion
of the body may be in contact with the second master piston. The elastic pedal feel
element may comprise a progressive spring characteristic. In this way, the pedal travel
and feel experienced by the driver may be improved. The body may include a tapered
portion. For instance, the first or second end portion may be tapered. The intermediate
portion may be cylindrical in shape and may have a constant diameter. A diameter of
the cylindrical portion may be generally greater than the tapered portion. The first
master piston and/or the second master piston may include a recess that receives at
least a part of the elastic pedal feel element. The corresponding recess may be formed
such to allow the elastic pedal feel element to be compressed in the axial direction, i.e.
expanded in a radial direction inside the recess. When the brake pedal is completely
depressed, the elastic pedal feel element may be deformed such to snugly fit in the
recess. The elastic pedal feel element can be designed for a compressive loading.

Furthermore, a hydraulic system for a brake system is provided. The hydraulic
system comprises the master cylinder arrangement as described above. Furthermore,
the hydraulic system includes a reservoir for storing the brake fluid, wherein the inlet
(first and/or second inlet) or each of the inlets for brake fluid supply is hydraulically
connected to the reservoir and wherein the first master chamber is furthermore hy-
draulically connected to the reservoir via a pressure release path.

A second cut-off valve may be arranged in the pressure release path, e.g. between the
reservoir and the first master chamber, for blocking the pressure release path in the
emergency operating mode and in the test mode. The second cut-off valve may be a
normally closed valve. Typically, the second cut-off valve can be opened in the normal
operating mode, while the second cut-off valve can be closed in the emergency mode
and/or the test mode.

Further, the first and/or second cut-off valves can be electrically operable, e.g. by
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corresponding control signals from a control unit (see below). Optionally, the first and/
or second cut-off valves may be solenoid valves.

Moreover, a brake system is proposed. The brake system comprises the hydraulic
system as described above. Further, the brake system may include a brake pedal for
displacing the first piston; a first hydraulic circuit including at least one first hydraulic
wheel brake; a second hydraulic circuit including at least one second hydraulic wheel
brake; and a hydraulic pressure supplier including an actuator for pressurizing the first
hydraulic circuit and the second hydraulic circuit depending on an operation of thee
brake pedal in the normal operating mode.

The first master chamber is hydraulically connected to the first hydraulic circuit for
pressurizing the first hydraulic circuit in the emergency operating mode. The second
master chamber may be hydraulically connected to the second hydraulic circuit via a
third cut-off valve for pressurizing the second hydraulic circuit in the emergency
operating mode when the third cut-off valve is open, while the second master piston
can be locked by closing the third cut-off valve in the normal operating mode.

The brake system may further comprise a brake pedal sensor for detecting an
operation of the brake pedal. Such a brake pedal sensor may be, for example, a
pressure sensor or a distance sensor. The brake pedal sensor may be configured for
detecting an amount of travel of the brake pedal during a braking action.

Furthermore, the brake system may comprise a control unit. The control unit may be
configured to perform a number of different actions. For instance, the control unit may
be envisaged for activating the hydraulic pressure supplier and/or controlling valves of
the brake system. The control unit may activate the hydraulic pressure supplier and/or
control the valves depending on sensor signals of the brake pedal sensor. The control
unit may be configured to control valves comprised by the first and the second
hydraulic circuit, the first cut-off valve, the second cut-off valve and/or the third cut-
off valve. The control of the valves may depend on the operating mode of the brake
system, e.g. the normal operating mode, the emergency mode or the test mode.

In some instances, the control unit is configured for keeping the second cut-off valve
open and the third cut-off valve closed in the normal operating mode and/or for closing
the second cut-off valve and opening the third cut-off valve in order to switch the
brake system in the emergency operating mode when a failure is detected.

In further embodiments, the control unit is configured for performing a self-test of
the brake system by closing the first cut-off valve and the second cut-off valve and by
controlling the actuator to pressurize the first master chamber.

During the self-test the fluid tightness of the first master chamber and/or at least one
of the seals mentioned above may be tested. At least one pressure sensor may be

envisaged for directly or at least indirectly measuring the pressure of the brake fluid
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inside the first master chamber during the self-test. The at least one pressure sensor

may send the measurement results to the control unit.
[36] It should be mentioned that locking the second master chamber is not restricted by

the examples described herein. For instance, an alternative locking mechanism may be
envisaged for locking the second master chamber in the normal operating mode. An
example for such an alternative locking mechanism may be a locking chamber that is
described and shown in Fig. 2 of co-pending German patent application application DE
10 2018 221
757.2 filed on December 14, 2018, the disclosure of which is hereby incorporat
ed by reference for all purposes.

[37] In the present disclosure, ventilation may refer to filling/supplying a chamber with
brake fluid, especially in a rest position.
Advantageous Effects of Invention

[38] The master cylinder arrangement for a brake system according to the various em-
bodiments of the present disclosure may be effectively used in a normal operating
mode, an emergency mode and/or a test mode.
Brief Description of Drawings

[39] Various objects and advantages of the present invention will become apparent to
those skilled in the art from the following detailed description of embodiments, when

read in light of the accompanying drawings.

[40] There are shown in
[41] Fig. 1 a schematic diagram of a brake system; and
[42] Fig. 2 a master cylinder arrangement that is part of the brake system of Fig. 1.

Best Mode for Carrying out the Invention

[43] In the following, recurring and similar features in this and in the subsequent repre-
sentations are provided with the same reference numerals.

[44] Fig. 1 shows a schematic diagram of a brake system 10. Fig. 2 shows a schematic
diagram of a master cylinder arrangement 1 that is part of the brake system 10 of Fig.
1. In the following, reference is made to both Figs. 1 and 2.

[45] The illustrated brake system 10 is provided with dual hydraulic circuits 30, 32 each
including two hydraulic wheel brakes 31, 33. The number of hydraulic wheel brakes
31, 33 per hydraulic circuit may vary. For instance a higher number (e.g. three or
more) or smaller number (e.g. one) of wheel brakes 31, 33 per hydraulic circuit are
also contemplated by the present invention. The brake system 10 comprises a brake
pedal 14, a return spring 15 biasing the brake pedal 14 in the return direction towards a
rest position and an input rod 13 connected to the brake pedal 14. In the brake system

10 of Fig. 1, at least one brake pedal sensor 17 is operable to detect a parameter that
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corresponds to an amount of travel of the brake pedal 14, so that a corresponding
signal can be sent to a controller 11. The controller 11 may send a signal to a hydraulic
pressure supplier 16 which comprises an actuator for pressurizing brake fluid to
operate the hydraulic wheel brakes 31, 33 depending on an operation of the brake
pedal in a normal operating mode of the brake system 10. The brake fluid is stored in
reservoir 12 and includes three fluid compartments 12A, 12B, 12C being separated by
walls. The fluid compartments 12A, 12B, 12C are in fluid communication when the
brake fluid level in the reservoir 12 is higher than the walls separating the fluid com-
partments 12A, 12B, 12C. The advantage of providing a plurality of fluid com-
partments 12A, 12B, 12C is that the brake fluid contained in the reservoir 12 will not
completely drain in case of a fluid leak in a subsystem of the brake system 10.

The first and second hydraulic circuits 30, 32 comprise a plurality of cut-off valves
40, 40', 40™ that can be selectively controlled by the controller 11. The cut-off valves
40, 40', 40" may be 2/2 way solenoid valves. The cut-off valves 40 are positioned
between the pressure supplier 16 and each of the hydraulic wheel brakes 31, 33 such
that movement of hydraulic fluid from the pressure supplier 16 and to the hydraulic
wheel brakes 31, 33 can be selectively enabled and selectively blocked via operation of
the cut-off valves 40. Furthermore, the cut-off valves 40', 40™ are positioned between
the hydraulic wheel brakes 31, 33 and the reservoir 12 such that movement of
hydraulic fluid from the hydraulic wheel brakes 31, 33 and to the reservoir 12 can be
selectively enabled and selectively blocked via operation of the cut-off valves 40, 40™.
The first and second hydraulic circuits 30, 32 may also comprise a plurality of check
valves 45'. Furthermore, a plurality of cut-off valves 40" that may be designed as 2/2
way solenoid valves and a plurality of check valves 45 are located between the
pressure supplier 16 and the first and second hydraulic circuits 30, 32. To improve
control and enable self-testing of the brake system 10, several parameters may be
monitored by a plurality of sensors (not shown), such as pressure, angular and distance
sensors. The output of the sensors is directed to the controller 11.

The operation of the first and second hydraulic circuits 30, 32 in combination with
the hydraulic pressure supplier 16 may be apparent for the skilled person from Fig. 1
and not outlined in detail for the sake of brevity.

Thus, in the normal (powered) operation mode of the brake system 10, depression of
the brake pedal 14 does not directly apply braking force to the hydraulic wheel brakes
31, 33 through the brake fluid, but rather, the brake fluid is provided to the hydraulic
wheel brakes 31, 33 by the hydraulic pressure supplier 16 and control of the solenoid
valves 40, 40', 40" in the first and second hydraulic circuits 30, 32.

The brake system 10 further comprises a master cylinder arrangement 1 that

performs two functions, namely operation of the hydraulic wheel brakes 31, 33 in an
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emergency mode and simulation of the brake pedal 14 in the normal operating mode.
These functions will become apparent from the following description.

As can be seen from Fig. 2, the master cylinder arrangement comprises a tandem
master cylinder 2 with a master cylinder housing 20. The tandem master cylinder
includes a first master chamber 21, a second master chamber 22, a first master piston
23, and a second master piston 24. The first master piston 23 is configured to be
moveable under the brake operating force transmitted from the brake pedal 14 through
the input rod 13. Thus, the first master piston 23 is directly displaceable by operating
the brake pedal 14. The first master chamber 21 is hydraulically connected to the first
hydraulic circuit 30 for pressurizing the hydraulic circuit 30 in an emergency mode of
the brake system 10 (see below).

The second master piston 24 is a floating piston that separates the first master
chamber 21, which is between the first master piston 23 and the second master piston
24, from the second master chamber 22. The second master chamber 22 is hy-
draulically connected to the second hydraulic circuit via a third cut-off valve 43 for
pressurizing the second hydraulic circuit 32 in an emergency mode, when the third cut-
off valve 43 is open. The second master piston 24 can be locked in a locking position
by closing the third cut-off valve 43 in the normal operating mode. A coil spring 29 is
arranged in the second master chamber 22 biasing the second master piston 24 towards
the first master piston 23 and towards the locking position. Optionally, the first master
chamber 21 is hydraulically connected to the reservoir 12 (reservoir compartment 12C)
via a second cut-off valve 42. The third cut-off valve 43 may be a normally open valve
(NO valve) whereas the second cut-off 42 valve may be a normally closed valve (NC
valve). The second and third cut-off valves 42, 43 may be solenoid valves that can be
electrically actuated and controlled by the controller 11. Moreover, the second and
third cut-off valves 42, 43 may be 2/2 way valves having two connections and two
valve positions.

Furthermore, an elastic pedal feel element 50 is arranged in the first master chamber
21 for generating a pedal force when the brake pedal 14 is operated in the normal
operating mode. The elastic pedal feel element is disposed between the first master
piston 23 and the second master piston 24. Preferably, the elastic pedal feel element 50
may be integrally formed of an elastomer, such as rubber or silicone. In particular, the
elastic pedal feel element 50 is designed for a compression force and has a progressive
spring characteristic.

The elastic pedal feel element 50 may comprise an elongate, solid body. A lon-
gitudinal direction of the elongate body may be axially aligned with the master
cylinder 20. In the embodiment shown, a centreline of the elongate body coincides

with a centreline of the master cylinder 20. Furthermore, the body includes a first axial
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end portion 51, an opposing second axial end portion 52 and an intermediate portion
53 therebetween. The first axial end portion 51 of the body is in contact with the first
master piston 23, while the second axial end portion 52 of the body is in contact with
the second master piston 24.

The first end portion 51 may be tapered and optionally has a conical shape. The in-
termediate portion 53 may be cylindrical in shape and may have a substantially
constant diameter. The second end portion 52 has a diameter that equals the diameter
of the intermediate portion 53. The first master piston 23 may include a recess 54 that
receives the first axial end portion 51. The recess 54 may be formed such to allow the
elastic pedal feel element 50 to be compressed in the axial direction and expanded in a
radial direction inside the recess 54. When the brake pedal 14 is completely depressed,
the elastic pedal feel element 50 is deformed such to snugly fit in the recess 54 of the
first master piston 23. In both the normal operating mode and the emergency mode, the
elastic pedal feel element 50 is retained between the first and second master pistons 23,
24. Alternatively, the second end portion 52 may be tapered and received in a recess
formed in the second master piston 24.

In the following description, the normal operating mode and the emergency mode are
described.

In the normal operating mode (powered operating mode), the third cut-off valve 43 is
in its closed position, whereas the second cut-off valve 42 is in its open position. For
instance, the controller 11 may be configured for keeping the second cut-off valve 42
open and the third cut-off valve 43 closed in the normal operating mode. As a result,
the second master piston 24 is locked in its locking position in the normal operating
mode. When a user or driver depresses the brake pedal 14, the input rod 13 pushes the
first master piston 24 further into the master cylinder 20. As the second master piston
24 is locked, the elastic pedal element 50 is compressed between the first master piston
23 and the second master piston 24. As a result, the driver experiences a brake pedal
feel that he/she would also experience when operating a conventional brake system
being solely hydraulically actuated during a brake action. In addition, the brake fluid
inside the first chamber 21 is directed via an opening 58 in the master cylinder housing
20 and via the opened cut-off valve 42 to the reservoir 12.

The controller 11 sends a signal to a hydraulic pressure supplier 16 depending on the
position of the brake pedal 14. Furthermore, the controller 11 controls and operates the
cut-off valves 40, 40', 40" of the first and second hydraulic circuits 30, 32 such that the
first and second hydraulic circuits 30, 32 are pressurized and the hydraulic wheel
brakes 31, 33 can be applied. More specifically, the valves 40 are opened while the
valves 40', 40" are closed so that the hydraulic wheel brakes 31, 33 can be operated.
When the user or driver releases the brake pedal 14, the return spring 15 urges the
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brake pedal 14 towards its non-braking default position (rest position).

Optionally, a first pressure relief path 34 (pressure release path 34) is formed from
the first hydraulic circuit 30 to the reservoir 12 via the first master chamber 21 and the
second cut-off valve 42 in the normal operating mode. The second cut-off valve 42 is
arranged in the first pressure relief path 34 for blocking the pressure relief path 34 in
the emergency mode and in a test mode (see below). A second pressure relief path 35
(pressure release path 35) is formed from the second hydraulic circuit 32 directly to the
reservoir 12. The brake pedal sensor 17 senses that the brake pedal 14 returns to its
default state and sends this information to the controller 11. Thereafter, the controller
11 controls and operates the cut-off solenoid valves 40, 40', 40™ in the first and second
hydraulic circuits 30, 32 such that the hydraulic connection to the pressure supplier 16
is blocked and the brake fluid is directed from the first and second hydraulic circuits
30, 32 via the pressure relief paths 34, 35 to the reservoir 12. More specifically, the
cut-off valves 40 between the hydraulic pressure supplier 16 and the wheel brakes 31,
33 are closed, while the cut-off valves 40', 40", 42 between the wheel brakes 31, 33
and the reservoir 12 are opened. Thus, the brake fluid is directed from the hydraulic
circuits 30, 32 and the hydraulic wheel brakes 31, 33 to the reservoir 12 via pressure
relief paths 34, 35.

In the emergency operating mode (non-powered operating mode or when a failure is
detected), the third cut-off valve 43 is in its opened position, whereas the second cut-
off valve 42 is in its closed position. The cut-off valves 40, 40" and the check valves 45'
of the first and second hydraulic circuits 30, 32 as well as the cut-off valves 40" and
the check valves 45 between the hydraulic circuits 30, 32 and the pressure supplier 16
are designed such that the hydraulic connection between the pressure supplier 16 and
the hydraulic circuits 30, 32 is blocked in the emergency mode. The cut-off valves 40,
40" are normally open valves and are opened in the emergency mode. Moreover, the
first master chamber 21 is hydraulically connected to the first hydraulic circuit 30 for
pressurizing the first hydraulic circuit 30 in an emergency mode of the brake system
10. Furthermore, the second master chamber 22 is hydraulically connected to the
second hydraulic circuit 32 for pressurizing the second hydraulic circuit 32 in the
emergency mode. Thus, the emergency or "no power" state of the system 10 puts the
tandem master cylinder 2 in hydraulic communication with the wheel brakes 31, 33 so
that the driver's input to the brake pedal 14 directly causes braking.

When a user presses the brake pedal 14, the input rod 13 pushes the first master
piston 23 further into the master cylinder housing 20. The second master piston 24 is
urged into the second master chamber 22 and compresses spring 29. The pressure of
the brake fluid inside the first master chamber 21 and the second master chamber 22 is

increased. This causes the first and second hydraulic circuits 30, 32 to be pressurized to
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operate the hydraulic wheel brakes 31, 33. After the braking action, the springs 15, 29
urge the first and second master pistons 23, 24, the input rod 13 and the brake pedal 14
back to their initial positions (rest positions).

Preferably, the first pressure relief path 34 between the first hydraulic circuit 30 and
the first master chamber 21 includes the same hydraulic fluid line 34 as the hydraulic
connection between the first hydraulic circuit 30 and the first master chamber 21 for
pressurizing the first hydraulic circuit 30 in the emergency mode.

In the rest position of the pistons 23, 24, the chambers 21, 22 can be filled with brake
fluid through fluid supply lines 36, 37 in the emergency mode.

The controller 11 may be configured for closing the second cut-off valve 42 and
opening the third cut-off valve 43 in order to switch the brake system 10 in the
emergency operating mode when a failure is detected (e.g. in case of a malfunction of
the hydraulic fluid supplier 16).

When braking in the emergency mode, due to the elastic pedal feel element 50
pushing against the second master piston 24 the pressure inside the second master
chamber 22 can become higher than the pressure inside the first master chamber 21.
Thus, under these circumstances the hydraulic circuits 30, 32 are operated by different
pressures. However, in many applications it is preferred to operate the hydraulic
circuits 30, 32 by using the same hydraulic pressure in the emergency mode. In order
to balance/equalize the different pressures in the hydraulic circuits 30, 32, the master
cylinder arrangement 1 and the brake system 10 shown in Figs. 1 and 2 include
balancing piston 7 which is described in more detail below.

The second master piston 24 encloses a balancing chamber 5. The balancing chamber
5 may be formed by a recess in the second master piston 24, e.g. by machining during
post-processing the second master piston 24 or by casting simultaneously with the
second master piston 24. The balancing piston 7 is movably arranged in the balancing
chamber 5 of the second master piston 24. Furthermore, the balancing chamber 6 is hy-
draulically connected via a balancing path 3 to the first master chamber 21. A sealing
member 9 may be provided between an outer surface of the balancing piston 7 and an
inner surface of the second master piston 24 to provide a sealing between the second
master chamber 22 and the balancing chamber 6. The sealing member 9 can have an
annular shape and may surround the balancing piston 7. The sealing member 9 may be
arranged in a groove formed in the balancing piston or the second master piston 24.
Further, an optional axial stop 5 may be provided to delimit axial movement of the
balancing piston 7 towards the second master chamber 22.

The balancing piston 7 is arranged so as to separate the second master chamber 22
from the balancing chamber 6 within the second master piston 24. A return spring 8 is

arranged in the balancing chamber 6 biasing the balancing piston 7 towards a rest
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position. In Fig. 2, the balancing piston 7 is shown in its rest position. The balancing
piston 7 is provided to equalize a first hydraulic pressure in the first master chamber 21
and a second hydraulic pressure in the second master chamber 22 when the second
master piston 24 is unlocked in an emergency operating mode.

In the normal operating mode, the balancing piston 7 is in its rest position. In the
emergency mode, the second master piston 24 is unlocked as described above. When
the brake pedal 14 is operated, the elastic pedal feel element 50 presses against the
second master piston 24, so that the second master piston 24 is moved out of its rest
position (locking position). Consequently, the hydraulic pressure inside the second
master chamber 22 is higher than the hydraulic pressure inside the first master chamber
21. As a result, the balancing piston 7 is moved out of its rest position towards the first
master chamber 21 thereby decreasing the volume of the balancing chamber 6. This
again results in pressure equalization between the first and second master chambers 21,
22. Thus, the first and second hydraulic circuits 30, 32 may be operated by pressures
that are substantially equal. After the brake action, the brake pedal 14 and the input rod
13 return to their rest positions by means of the return spring 15. The pressurized brake
fluid is directed from the hydraulic circuits 30, 32 to the reservoir 12 via the pressure
relief paths. The pressure inside the first and second master chambers 21, 22 is
relieved. Meanwhile, the return spring 8 biases the balancing piston 7 back to its rest
position, thereby increasing the volume of the balancing chamber 6, which has its
maximal volume in the rest position of the balancing piston 7. Springs 8, 15 and 29 can
be made of a metal such as steel or stainless steel.

The reservoir 12 may be hydraulically connected to the first master chamber 21 and/
or the second master chamber 22 by fluid lines 36, 37 (brake fluid supply paths 36,
37), respectively, for filling the respective chambers 21, 22 with brake fluid after a
braking action. By this arrangement the first master chamber 21 and/or the second
master chamber 22 can be filled with brake fluid when the first master piston 23 and/or
the second master piston 24 are in their rest positions.

The fluid lines 36, 37 are connected to a first inlet 27 in a wall of the master cylinder
housing 20 and a second inlet 28 in the wall of the master cylinder housing 20. The
inlet 27, 28 are open when the second master piston 24 is in a rest position and closed
when the second master piston 24 is moved out of the rest position, i.e. during a
braking action. The first inlet 27 may be axially located between two adjacent seals 61,
62 (see Figure 2). Furthermore, the second inlet 28 is axially arranged between two
adjacent seals 63, 64. Thus, the first and second inlets 27, 28 for brake fluid supply are
hydraulically connected to the reservoir 12.

A first ventilation channel 25 is provided in a piston wall 26 of the second master

piston 24. The first ventilation channel 25 hydraulically connects the balancing
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chamber 6 to the first inlet 27 for brake fluid supply in a rest position of the second
master piston 24 so that the first master chamber 21 is hydraulically connected to the
first inlet 27 via the balancing path 3 and the first ventilation channel 25. Thus, using
this configuration the first master chamber 21 may be ventilated / filled with hydraulic
brake fluid from the reservoir 12 when the pressure of the brake fluid inside the first
master chamber 21 is smaller than the pressure of the brake fluid inside the reservoir
12. Thus, the first inlet 27 may be only then in fluid communication with the first ven-
tilation channel 25, when the second master piston 24 is in its rest position. By virtue
of the configuration shown, no extra inlet(s) and no extra channel(s) are required in the
first master piston 23 for ventilating the first master chamber 21. The first ventilation
channel 25 may also allow ventilating / filling the balancing chamber 6 with brake
fluid.

Moreover, a second ventilation channel 19 may be envisaged for filling the second
master chamber 22. The second ventilation channel 19 is provided in the piston wall 26
of the second master piston 24. The second ventilation channel 19 hydraulically
connects the second master chamber 22 to the second inlet 28 in the master cylinder
housing 20 for brake fluid supply in the rest position of the second master piston 24.
Thus, the second inlet 28 may be only then in fluid communication with the second
ventilation 19 channel, when the second master piston 24 is in its rest position.

In some instances, a first seal 61, a second seal 62, a third seal 63 and a fourth seal 64
are arranged between the piston wall 26 and the wall of the master cylinder housing 20.
The first seal 61, second seal 62, third seal 63 and/or fourth seal 64 may be annularly
shaped seals. Furthermore, the seals 61, 62, 63, 64 may surround the second master
piston 24. Typically, the first and second seals 61, 62 are neighbours, the second and
third seals 62, 63 are neighbours, and the third and fourth seals 64 are neighbours.
According to certain embodiments, the first inlet 27 is arranged between the first seal
61 and the second seal 62. The second inlet 28 is arranged between the third seal 63
and the fourth seal 64. Furthermore, a hole 18 is arranged in the wall of the master
cylinder housing 20 and between the second seal 62 and the third seal 63. The
balancing path 3 passes through the hole 18.

In the embodiment shown in Fig. 2, the balancing path 3 comprises a part of the first
ventilation channel 25. In this case, the first ventilation channel 25 opens into the
balancing chamber 6. The first ventilation channel 25 may be arranged such to span a
sealing lip of the second seal 62 in the rest position of the second master piston. That
is, a relatively large bore may be provided in the piston wall 26 of the second master
piston 24, wherein the bore functions both as the first ventilation channel 25 and as
part of the balancing path 3.

In an alternative embodiment, an additional balancing channel (not shown) is
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provided in the piston wall 26 of the second master piston. In this case, the balancing
path 3 comprises the balancing channel in the second master piston 24. The balancing
channel opens into the balancing chamber 6. The additional balancing channel may be
axially off-set from the first ventilation channel 25. The balancing channel and the first
ventilation channel 25 may be arranged to span a sealing lip of the second seal 62 in
the rest position of the second master piston 24.

Further, a first cut-off valve 41 is arranged in the balancing path 3. The first cut-off
valve 41 is a normally open valve. The first cut-off valve 41 may be a solenoid valve
that can be electrically actuated and controlled by the controller 11. Moreover, the first
cut-off valve 41 may be a 2/2 way valve having two connections and two valve
positions. The first cut-off valve 41 can be opened in the emergency mode, while the
first cut-off valve 41 blocks the balancing path 3 in the test mode of the master
cylinder arrangement 1. In the normal operating mode, the first cut-off valve 41 can be
closed or opened.

Furthermore, a check valve 44 may be envisaged in the hydraulic connection
between the reservoir 12 and the first master chamber 21. The check valve 44 may be
arranged parallel to the second cut-off valve 42. The check valve 44 allows filling the
first master chamber 21 with brake fluid via the opening 58 when the pressure inside
the first master chamber 21 is less than a pressure inside the reservoir 12. This is
usually the case directly after a braking action.

A further hydraulic connection 56 between the first master chamber 21 and the
reservoir 12 may be envisaged for moistening sealing members 57 with brake fluid.
This may prolong the lifespan of the sealing members 57. The sealing members 57 are
disposed between the first master piston 23 and the master cylinder housing 20 and
provide a fluid tight seal therebetween.

In the following, the test mode / self-test of the master cylinder arrangement 1 is
described. The self-test is preferably carried out when the master cylinder arrangement
1 and/or the brake system 10 are in the normal operating mode. That is, the second
master piston 24 is typically locked during the test mode. Furthermore, the self-test
may be performed when the vehicle is in a standstill position, e.g. just before or right
after driving. The self-test may be also performed during maintenance of the vehicle,
e.g. when the vehicle is in a workshop.

The controller 11 may be configured for performing a self-test of the brake system 10
by closing the first cut-off valve 41, the second cut-off valve 42 and the third cut-off
valve 43 and by controlling the hydraulic pressure supplier 16 (i.e. the actuator) to
pressurize the first master chamber 21. In particular, the controller 11 controls the
hydraulic pressure supplier 16 and the first hydraulic circuit 30 such that the first

master chamber 21 is pressurized via a test pressure path 60 between the first master
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chamber 21 and the first hydraulic circuit 30. The test pressure path 60 may include a
part of the first pressure relief path 34, namely the fluid lines between the first
hydraulic circuit 30 and the first master chamber 21. As a consequence, the pressure
inside the first master chamber 21 may now equal the pressure that is provided by the
hydraulic pressure supplier 16.

The first cut-off valve 41 thus allows the first master chamber 21 to be pressurized in
the test mode for testing fluid tightness of the first master chamber 21. In particular,
fluid tightness of the seals 57, 61 sealing the first master chamber 21 from its sur-
roundings can be tested.

The controller 11 may receive signals from a pressure sensor disposed inside the first
master chamber 21 to monitor the pressure inside the first master chamber 21 during
the self test. If the pressure inside the first master chamber 21 drops during the self-
test, this is indicative of an untight seal or untight seals 57, 61. Based on the mea-
surement results of the pressure sensor 47, the controller 11 is configured to determine
whether or not the first master chamber 21 is fluid tight.

After the self-test, the controller 11 may open the first cut-off valve 41 and the
second cut-off valve 42 to release the pressure in the first master chamber 21. In this
way, the pressurized hydraulic fluid is directed from the first master chamber 21 via
the balancing path 3 and the first ventilation channel 25 as well as via the first pressure
relief path 34 to the reservoir 12.

It should be mentioned that the solenoid valves 40, 40', 40", 40™, 41, 42, 43 depicted
in Figs. 1 and 2 are shown in their default, non-powered states.

The wheel brakes 33 may comprise rear-left and front-right brakes, whereas the
wheel brakes 31 may comprise rear-right and front-left brakes. Alternatively, the wheel
brakes 33 may comprise rear-left and rear-right brakes, while the wheel brakes 31 may
comprise front-left and front-right brakes.

Any features shown in the Figures 1-2 may be combined with each other or may be

separately claimed.
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Claims

A master cylinder arrangement (1) for a brake system (10), comprising
a tandem master cylinder (2) including a master cylinder housing (20),
a first master piston (23) movably arranged in the master cylinder
housing (20), a second master piston (24) movably arranged in the
master cylinder housing (20), a balancing piston (7) movably arranged
in the second master piston (24), and an elastic pedal feel element (50),
wherein the master cylinder housing (20) encloses a first master
chamber (21) and a second master chamber (22), the first master piston
(23) being directly displaceable by operating a brake pedal (14) and the
second master piston (24) being a floating piston and separating the
first master chamber (21), which is between the first master piston (23)
and the second master piston (24), from the second master chamber
(22), the elastic pedal feel element (50) being arranged in the first
master chamber (21) to be in contact with the first master piston (23)
and the second master piston (24) for generating a pedal force when the
brake pedal (14) is operated while the second master piston (24) is
locked in a normal operating mode,

wherein the second master piston (24) encloses a balancing chamber
(6), the balancing piston (7) separating the balancing chamber (6) from
the second master chamber (22) and the balancing chamber (6) being
hydraulically connected to the first master chamber (21) via a balancing
path (3) for balancing a first hydraulic pressure in the first master
chamber (21) and a second hydraulic pressure in the second master
chamber (22) when the second master piston (24) is unlocked in an
emergency operating mode,

wherein a first ventilation channel (25) is provided in a piston wall of
the second master piston (24), the first ventilation channel (25) hy-
draulically connecting the balancing chamber (6) to a first inlet (27) for
brake fluid supply in a rest position of the second master piston (24) so
that the first master chamber (21) is hydraulically connected to the first
inlet (27) via the balancing path (3) and the first ventilation channel
(25), wherein a first cut-off valve (41) is arranged in the balancing path
(3) for blocking the balancing path (3) in a test mode of the master
cylinder arrangement (1).

The master cylinder arrangement (1) of claim 1, characterized in that a

second ventilation channel (19) is provided in the piston wall of the



WO 2020/122691

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

18
PCT/KR2019/017834

second master piston (24), the second ventilation channel (19) hy-
draulically connecting the second master chamber (22) to a second inlet
(28) for brake fluid supply in the rest position of the second master
piston (24).

The master cylinder arrangement (1) of claim 2, characterized in that a
first seal (61), a second seal (62), a third seal (63) and a fourth seal (64)
are arranged between the piston wall of the second master piston (24)
and a wall of the master cylinder housing (20), wherein the first inlet
(27) is arranged between the first seal (61) and the second seal (62),
wherein the second inlet (28) is arranged between the third seal (63)
and the fourth seal (64) and wherein the balancing path (3) passes
through a hole (18) in the wall of the master cylinder housing (20)
which is arranged between the second seal (62) and the third seal (63).
The master cylinder arrangement (1) of any of the preceding claims,
characterized in that the balancing path (3) comprises a part of the first
ventilation channel (25) or an extra balancing channel provided in the
piston wall of the second master piston (24).

The master cylinder arrangement (1) of claim 4 insofar as claim 4 refers
to claim 3, characterized in that the first ventilation channel (25) and/or
the balancing channel is arranged to span a sealing lip of the second
seal (62) in the rest position of the second master piston (24).

The master cylinder arrangement (1) of any of the preceding claims,
characterized in that the first cut-off valve (41) is a normally open
valve.

The master cylinder arrangement (1) of any of the preceding claims,
characterized in that the pedal feel element (50) is made of an
elastomer.

The master cylinder arrangement (1) of any of the preceding claims,
characterized in that a spring is arranged in the balancing chamber (6)
biasing the balancing piston (7) towards a rest position in which the
balancing chamber (6) assumes a maximum volume.

The master cylinder arrangement (1) of any of the preceding claims,
characterized in that a spring is arranged in the second master chamber
(22) biasing the second master piston (24) towards the first master
piston (23) and towards its rest position.

A hydraulic system for a brake system (10), comprising the master
cylinder arrangement (1) of any of the preceding claims and a reservoir

for storing the brake fluid, wherein the inlet or each of the inlets for
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brake fluid supply is hydraulically connected to the reservoir and
wherein the first master chamber (21) is furthermore hydraulically
connected to the reservoir via a pressure release path, a second cut-off
valve (42) being arranged in the pressure release path for blocking the
pressure release path in the emergency operating mode and in the test
mode.

The hydraulic system of claim 10, characterized in that the second cut-
off valve (42) is a normally closed valve.

A brake system (10), comprising

the hydraulic system of any of claims 10 or 11;

a brake pedal (14) for displacing the first master piston (23);

a first hydraulic circuit (30) including at least one first hydraulic wheel
brake (31);

a second hydraulic circuit (32) including at least one second hydraulic
wheel brake (33); and

a hydraulic pressure supplier (16) including an actuator for pressurizing
the first hydraulic circuit (30) and the second hydraulic circuit (32)
depending on an operation of the brake pedal (14) in the normal
operating mode,

wherein the first master chamber (21) is hydraulically connected to the
first hydraulic circuit (30) for pressurizing the first hydraulic circuit
(30) in the emergency operating mode and wherein the second master
chamber (22) is hydraulically connected to the second hydraulic circuit
(32) via a third cut-off valve (43) for pressurizing the second hydraulic
circuit (32) in the emergency operating mode when the third cut-off
valve (43) is open, while the second master piston (24) can be locked
by closing the third cut-off valve (43) in the normal operating mode.
The brake system (10) of claim 12, further comprising a brake pedal
sensor (17) for detecting an operation of the brake pedal (14) and a
control unit (11) for activating the hydraulic pressure supplier (16) and/
or controlling control valves comprised by the first and the second
hydraulic circuits (30, 32) depending on sensor signals of the brake
pedal sensor (17), wherein the control unit (11) is configured for
keeping the second cut-off valve (42) open and the third cut-off valve
(43) closed in the normal operating mode and/or for closing the second
cut-off valve (42) and opening the third cut-off valve (43) in order to
switch the brake system (10) in the emergency operating mode when a

failure is detected.
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The brake system (10) of claim 13, characterized in that the control unit
(11) is configured for performing a self-test of the brake system (10) by
closing the first cut-off valve (41) and the second cut-off valve (42) and

by controlling the actuator to pressurize the first master chamber (21).
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