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(57) Abstract: A hydraulic brake system 10 equipped for anti-slip control and for active brake interventions has a self -priming
pump 38. A pressure retention valve 56 prevents the brake system's low-pressure accumulator 36 and the wheel brakes 16 from be-
ing evacuated below atmospheric pressure during a sensitive brake operation. A two- position valve 60, 70, 80, 9 0, 100, 110, 120,
130 deactivates the bias of the pressure retention valve 56 by opening a fluid path from the low-pressure accumulator 36 to the pump
38 when it is desired that the wheel brakes 16 be retracted farther to reduce drag and excessive wear of the brake friction elements.
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ELECTRONICALLY CONTROLLED HYDRAULIC BRAKE SYSTEM AND METHOD
FOR REDUCING WEAR THE BRAKE PADS IN SUCH AN ELECTRONICALLY
CONTROLLED HYDRAULIC BRAKE SYSTEM
FIELD OF THE INVENTION
[0001] The invention relates to an electronically controlled hydraulic brake

system capable of active brake interventions, such as those providing traction control

or electronic stability control.

BACKGROUND OF THE INVENTION

[0002] Hydraulic brake systems for automotive applications typically include a
driver-actuated brake pressure generator, such as a booster-aided tandem master
cylinder. The pressure generator connects to a reservoir and supplies pressurized
brake fluid to a pair of brake circuits. Each brake circuit connects to two wheel
brakes.

[0003] To provide an anti-lock function with the hydraulic brake system, each
wheel brake circuit includes a normally open electronically operated inlet valve. The
inlet valve controls the flow of pressurized hydraulic brake fluid to the wheel brake.
A pressure relief line includes a normally closed electronically operated outlet valve
and leads from each wheel brake to a low-pressure accumulator. The low-pressure
accumulator receives brake fluid released during a pressure decrease phase when
the outlet valve is opened. A suction line leads from the low-pressure accumulator to
a suction side of a motor driven pump.

[0004] A pressure side of the pump is connected to a brake line between the
inlet valve and the pressure generator. Separating valves are located in respective
brake lines of each circuit upstream of the location at which the pressure relief line
connects to the brake line. The separating valves isolate the brake lines from the

pressure generator during electronically controlled brake operation.
1
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[0005] During an active brake intervention event, when the driver has not
activated the pressure generator, the pump is provided with the necessary brake
fluid from the reservoir. To this end, an additional supply line typically connects the
suction side of the pump with the reservoir or with the brake line that connects the
pressure generator and the separating valve.

[0006] The pump is a self-priming pump that conveys brake fluid without a
priming pressure at its suction side. The pump creates a vacuum at its suction side.
A pressure retention valve is arranged in the suction line between the low-pressure
accumulator and the location where the supply line connects to the suction line. The
pressure retention valve prevents the pump from creating a vacuum in the wheel
brake cylinders and the low-pressure accumulator. Generating a vacuum in the
wheel brakes while braking on ice or other low-friction surfaces would lead to an
increased volume of hydraulic brake fluid consumption and accordingly an increased
brake pedal travel before the wheel brakes engage. This is an undesirable
characteristic in such operating conditions.

[0007] The pressure retention valve is typically a check valve that is biased
with a spring. The valve requires a pressure difference of approximately 1 bar to
open the pressure retention valve and to permit the flow of brake fluid from the low-
pressure accumulator to the pump. Due to variances in pressure retention valves,
the nominal bias of 1 bar corresponds to an actual bias in the range of approximately
0.7 -1.1 bar.

[0008] While the vehicle is operating normally on high-friction surfaces, it is
desirable that the wheel brake friction elements are retracted to reduce drag and
wear. However, the pressure retention valve, while useful in low-friction conditions,
prevents the pump from fully retracting the wheel brake friction elements in such

operating conditions.
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SUMMARY OF THE INVENTION

[0009] It is an object of the invention to provide a hydraulic brake system that
allows for a retraction of the wheel brake friction elements when the brakes are not in
use sufficient to reduce brake drag and excessive wear of the brake friction
elements.

[0010] It is a further object of the invention to prevent a vacuum in the wheel
brakes during electronically controlled brake maneuvers.

[0011] It is also an object of the invention to make the improvement
compatible with existing packaging of electronically controlled brake systems.

[0012] In accordance with the invention, these objectives are met with a
pressure retention valve switchable between having a pressure retention bias in one
condition and having no pressure retention bias in another condition.

[0013] Additional features, benefits, and advantages of the invention will
become apparent to those skilled in the art to which the invention relates from the
subsequent description of several exemplary embodiments and the appended

claims, taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Referring to the drawings, wherein like reference numerals are used to
designate like components within each of the several views:

[0015] Fig. 1 is a schematic view of an electronically controlled brake system
with a prior-art pressure retention valve, in which a dotted line frame indicates a
portion of the system to be replaced with cut-outs in accordance with the present

invention shown in the subsequent drawings;
3
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[0016] Fig. 2 is a schematic view of a first exemplary pressure retention valve
arrangement, where the pressure retention bias is enabled by hydraulic pressure in
the brake line;

[0017] Fig. 3 is a schematic view of a second exemplary pressure retention
valve arrangement, where the pressure retention bias is enabled by hydraulic
pressure in the brake line;

[0018] Fig. 4 is a schematic view of a third exemplary pressure retention valve
arrangement, where the pressure retention bias is enabled by hydraulic pressure in
the brake line;

[0019] Fig. 5 is a schematic view of a fourth exemplary pressure retention
valve arrangement, where the pressure retention bias is enabled by hydraulic
pressure in the brake line;

[0020] Fig. 6 is a schematic view of a fifth exemplary pressure retention valve
arrangement, where the pressure retention bias is electronically controlled;

[0021] Fig. 7 is a schematic view of a sixth exemplary pressure retention valve
arrangement, where the pressure retention bias is electronically controlled;

[0022] Fig. 8 is a schematic view of a seventh exemplary pressure retention
valve arrangement, where the pressure retention bias is electronically controlled;
[0023] Fig. 9 is a schematic view of a cut-out in which the return pump’s
suction valve has a variable bias; and

[0024] Fig. 10a and Fig. 10b are cross-sections of a hydraulically controlled

two-position valve suitable for use in the arrangements of Fig. 2 or Fig. 9.

DETAILED DESCRIPTION OF THE DRAWINGS
[0025] Referring to Fig. 1, a hydraulic brake system 10 controls the flow of

pressurized brake fluid from a brake pressure generator 12, such as a pedal-
4
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operated tandem master cylinder 14 with an attached reservoir 15, four wheel brakes
16, of which only one is shown, via a pair of brake circuits 18 and 20, of which only
brake circuit 18 is shown in detail in Fig. 1. The other brake circuit 20 is indicated
with a broken line. The two wheel brakes 16 of a brake circuit 18 or 20 may be
associated with the same vehicle axle, for example, with one brake circuit 18
operating the wheel brakes of the front axle and the other brake circuit 20 operating
the wheel brakes of the rear axle. It is also common to configure the brake circuits
18 and 20 with a diagonal split, in which the front right wheel brake and the rear left
wheel brake are controlled by one brake circuit, and the front left wheel brake and
the rear right wheel brake by the other. The description given for brake circuit 18
equally applies to brake circuit 20 if the latter is equipped with a self-priming pump
38 (described below). One of wheel brakes 16 is shown in the form of a disc brake
type having caliper 17 which clamps friction elements (not shown) against rotor 19.
[0026] Brake circuit 18 features a brake line 24 that receives pressurized fluid
from the master cylinder 14. Brake line 24 includes a normally open electronically
operated separating valve 28 that is controlled by a system controller (not shown).
Brake line 24 is also individually connected to wheel brakes 16, and each through a
dedicated normally open electronically operated inlet valve 30, also operated by the
system controller.

[0027] A pressure relief line 32 selectively receives pressurized fluid from
each of wheel brakes 16 through an associated normally closed electronically
operated outlet valve 34, similarly controlled by the system controller. While only
one wheel brake 16 is shown in brake circuit 18, a second wheel brake 16 is
connected via an inlet valve to the brake line 24 at location 26, indicated by a broken
line. A pressure relief line of the other of wheel brakes 16 also has an outlet valve

that controls a connection to pressure relief line 32 at location 42.
5
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[0028] The pressure relief line 32 connects to a low-pressure accumulator
(LPA) 36. The LPA 36 receives the brake fluid released from the wheel brakes 16.
A suction line 37 leads from the LPA 36 to the intake side of a pump 38 which is
driven by an electric motor (not shown) and controlled by the system controller. An
output side of the pump 38, by way of a pressure line 40, connects to the brake line
24 between separating valve 28 and inlet valve 30. The suction line 37 includes a
suction valve 52. The pressure line 40 includes a pressure valve 54. Both the
suction valve 52 and the pressure valve 54 are configured as check valves that
prevent a flow of brake fluid from the brake line 24 to the intake side of the pump 38.
The pressure line 40 additionally features a damping chamber 44 and a throttling
orifice 46 to soften pressure pulses stemming from the pump 38.

[0029] To build up brake pressure for active brake interventions, the pump 38
draws brake fluid through the master cylinder 14 and conveys it into the brake line
24. To this end, a supply line 50 connects the brake line 24 between master cylinder
14 and separating valve 28 with the suction line 37. A normally closed electronic
shuttle valve 48 controls the flow of brake fluid through the supply line 50.

[0030] Because the pump 38 must be able to draw hydraulic fluid at
atmospheric pressure, it is designed as a self-priming pump capable of generating a
vacuum. To ensure that the pump 38 draws its fluid through the master cylinder 14
from the attached reservoir 15 and not from the wheel brakes 16, a pressure
retention valve 56 is arranged in the suction line 37 between the LPA 36 and the
location where the supply line 50 is connected. The pressure retention valve 56 is a
spring-loaded check valve opening in the direction from LPA 36 to the intake side of
the pump 38. The spring of the check valve 56 exerts a bias force that requires a
pressure difference of approximately 1 bar. Manufacturing variances result in a bias

that requires a pressure difference in the range of roughly 0.7 bar to 1.1 bar.
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[0031] The pressure retention valve 56 ensures that the wheel brake 16
remains highly responsive during sensitive electronic brake control operations, e.g.
on low-friction surfaces where the brakes need to be engaged and disengaged in
rapid succession. Under such conditions, a vacuum would decrease the brakes’
responsiveness and slow down the effective control of the vehicle because a larger
volume of brake fluid would be needed to bring the brakes 16 into frictional
engagement again during repeated actuation.

[0032] For regular driving conditions, however, it is more desirable to retract
the friction elements of brakes 16 to a position where brake drag is reduced in order
to prevent premature wear of the brake friction elements as well as to improve the
vehicle’s fuel efficiency. So when an electronic brake control is completed, the pump
38 could be used to create such a vacuum to retract the friction elements of wheel
brakes 16. But in the prior-art brake system according to Fig. 1, the pressure
retention valve 56 prevents the creation of a vacuum in the low-pressure
accumulator 36 and in the wheel brakes 16.

[0033] The present invention provides brake circuit components which are
controllable to permit a vacuum in the wheel brake 16 to reduce drag in certain
operating conditions while preventing a vacuum in the wheel brakes 16 in conditions
when slip control is required. These features can be established in several different
ways. According to the present invention, the arrangements of the following
examples of Figs. 2-9 replace the cut-out portion 58 of Fig. 1. The letters A, B, and
C mark hydraulic connection points corresponding with points of the system shown
in Fig. 1, which are marked with the same letters. Each of the valves of Figs. 2-9 is
depicted in its normal position, i.e. in the position the valve assumes absent any
external forces from an actuator, which may be as examples, hydraulically or

electrically controlled.
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[0034] In the description of the valves shown in Figures 2 — 10b, reference is
made to their moving between two positions, a “normal” and an “activated” position,
these positions correspond to functional conditions of the valves. One condition
maintains a positive pressure in the suction line, and the other condition does not,
thereby allowing a vacuum to be created.

[0035] A first embodiment according to Fig. 2 features a hydraulically
controlled two-position valve 60. In its normal position as shown, valve 60 acts as a
regular check valve with an opening pressure of 0 bar, i.e. without bias, allowing a
unidirectional flow of brake fluid from the LPA 36 to the intake side of the pump 38.
The check valve element is designated by reference number 62. In its activated
position, shifted to the right, the hydraulically controlled two-position valve 60
enables the pressure retention bias of approximately 1 bar since the biased check
valve element 64 is brought into position between connection points A and C. The
valve 60 is shifted between positions by a hydraulic cylinder actuator designated by
dotted lines 66. As described below, other actuator types can be used.

[0036] The hydraulic control pressure switching the two-position valve 60 from
its normal position to its activated position can be the pressure at location X applied
to actuator 66 (shown in Fig. 1 between master cylinder 14 and separating valve 28)
or at location Y (shown in Fig. 1 (between separating valve 28 and inlet valve 30) in
brake line 24. The difference between the two locations is that location X will only be
pressurized when the master cylinder 14 is operated. Location Y is pressurized
during any driver-initiated or automatic brake operation, regardless of the master
cylinder 14 pressure. Accordingly, the pressure at location Y has a more universal
functionality and will effectively prevent a delayed brake engagement in highly
dynamic situations requiring an active brake intervention, even if the driver may not

have had enough time to apply the brake pedal. These considerations regarding the
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pressure that controls the hydraulically controlled valve 60 via actuator 66 also apply
to all other subsequent embodiments with hydraulically controlled valves.

[0037] The embodiment of Fig. 3 differs from the one of Fig. 2 in that valve 70,
in its normal position as shown, allows a bidirectional flow of brake fluid since
element 72 is an unrestricted flow passageway. When brake pressure prevails in the
brake line 24 at location X or Y, valve 70 is activated and shifted to the right, bringing
biased check valve 64 into position which provides a pressure retention bias. When
the brake line 24 returns to atmospheric pressure, valve 70 allows a free bidirectional
flow of brake fluid and enables the pump 38 to generate a vacuum in the wheel
brakes 16 to retract the brake friction elements. After the brake friction elements of
wheel brakes 16 have been retracted and after the pump 38 has been turned off,
valve 70 allows the pressure in the wheel brakes 16 to be restored to atmospheric
pressure.

[0038] In Fig. 4, a hydraulically controlled two-position valve 80 is arranged in
a parallel constellation with the pressure retention valve 56. Valve 80 is controlled
by the prevailing pressure at location X or Y in brake line 24. In its normal position
as shown with element 72 in position, the valve 80 allows a bidirectional flow
bypassing the pressure retention valve 56. In its activated position when the valve
80 is shifted to the right hand position, blocking plug 82 is in a position which shuts
off the bypass and only allows fluid to pass through the pressure retention valve 56.
Accordingly, the functionality of this arrangement is similar to that of Fig. 3.

[0039] The arrangement of Fig. 5 replaces the bidirectional bypass of Fig. 4
with a unidirectional bypass with a check valve 62 (without bias) in the depicted
normal position of valve 90, thereby obtaining essentially the same functionality as

the arrangement of Fig. 2. Activating valve 90 brings blocking plug 82 into position.
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[0040] All hydraulically controlled valves described above can be replaced
with electronically controlled valves. Instead of a hydraulic connection to location X
or Y applied to actuator 66, each of the valves of Figs. 2-5 can feature an electrical
solenoid 102 and can be switched from their shown normal position to their activated
position (i.e. between conditions) by an electric current applied to the solenoid.
Additionally, electronically controlled valves offer the flexibility that the normal
position and the activated position of the valves can be interchanged because such
valves do not depend on hydraulic pressure to switch from their normal position to
their activated position, but rather on an electric current initiated by the system
controller.

[0041] In Fig. 6, the hydraulically controlled valve 60 of Fig. 2 has been
replaced with an electronically controlled valve 100 with the electrical actuator 102.
Because valve 100 depends on a signal from the system controller (not shown) the
pressure retention bias can be active in the normal position of electronically
controlled valve 100 as shown where biased check valve 64 is operative. An
unbiased check valve 62 is active in the activated position of valve 100.

[0042] An electronically controlled valve 110 of Fig. 7 offers the same
positions as the valve 70 of Fig. 3, but the normal and activated positions are
interchanged. The pressure retention valve is effective in the normal position of the
two-position valve 110 as shown where biased check valve 64 is operative. In the
activated position of valve 110, an unrestricted bidirectional flow of brake fluid is
enabled by element 72, allowing the pump 38 to generate a vacuum in the wheel
brakes 16 to retract the brake friction elements. After the brake friction elements of
wheel brakes 16 have been retracted and after the pump 38 has been turned off,
valve 70 allows the pressure in the wheel brakes 16 to be restored to atmospheric

pressure.
10
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[0043] Fig. 8 shows an electronically controlled version of the arrangement of
Fig. 4 with a two-position valve 120 arranged in a bidirectional bypass around the
pressure retention valve 56. In the normal position of the two-position valve 120
blocking plug 82 is active, and the activated position opens the bypass through
element 72.

[0044] In Fig. 9, a two-position valve 130 is arranged not in the location of the
pressure retention valve 56 described above, but in the location of the suction valve
52 of the pump 38. The pressure retention valve 56 is replaced with an unbiased
check valve 132 allowing a flow from the LPA 36 to the pump 38 whenever the
hydraulic pressure in the LPA 36 is greater than the hydraulic pressure at the intake
side of the pump 38. The two-position valve 130 is activated by pressure in position
X or position Y of the brake line 24 to switch from an unbiased check valve element
62 to a spring-loaded biased check valve element 64 requiring a pressure difference
typical for a pressure retention valve. In this arrangement, the pressure in the wheel
brakes 16 and in the LPA 36 can return to atmospheric pressure whenever the
master cylinder 14 is not pressurized. Opening the shuttle valve 48, regardless of
the position of the two-position valve 130, releases the brake fluid from the pressure
relief line 32 to the brake line 24 above the separating valve 28. The hydraulic
control of the two-position valve 130 can be replaced with an electronic control, in
which case the normal position and activated position can be interchanged.

[0045] Fig. 10a and Fig. 10b give an example for a hydraulically controlled
two-position valve 134 suitable for use in the arrangements of Fig. 2 or Fig. 9. Fig.
10a shows the valve 134 in its normal position, where as Fig. 10b shows it in its
activated position. A stepped valve piston 136 is slidably arranged in a stepped
valve bore 138. A wider section 140 of a valve bore 138 is sealed off with a wider

section 144 of the piston 136, which carries an annular seal 148. A narrower section
11
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146 of the piston 136 protrudes into a narrower section 142 of the bore 138 and
carries an annular seal 150. Annular seal 150 seals off the perimeter of the narrower
piston section 146 preventing flow between the upper and lower sections of bore
138.

[0046] The narrower piston section 146 features an axial channel 152 that
terminates in a radial channel 154. Radial channel 154 extends through the narrower
piston section 146 between the annular seal 150 and the wider piston portion 144.
[0047] The narrower section 142 has an axial port 156 that connects to the
intake side of the pump 38. The wider bore section 140 features a radial port 158
close to the bore step 164 in an axial area that overlaps with the axial location of the
radial channel 154.

[0048] A piston spring 160 is arranged in the space between the piston step
and the bore step, urging the valve piston 136 away from the narrower bore section
142,

[0049] Between the axial channel 152 and the axial port 156, a valve closure
member 166 and a valve spring 168 are arranged to control the hydraulic connection
between the axial channel 152 and the axial port 156. In the shown embodiment,
the axial opening of the axial channel 152 in the axial end of the narrower piston
section forms a valve seat 170 cooperating with the valve closure member 166.
[0050] The axial port 156 is connected to the intake side of the pump 38 and
the supply line with the shuttle valve, while the radial port leads to the LPA 36. The
hydraulic pressure prevailing in the brake line 24 either at location X or at location Y
of Fig. 1 acts on the end of the wider piston section 144 in space 174.

[0051] When the respective brake line location X or Y is unpressurized, the

valve piston 136 is in its normal position as shown in Fig. 10a, where piston 136

12
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rests against an abutment ridge 172 in the wider section 140 of the bore 138. This
ridge 172 can, for instance, be formed by a snap ring or the like.

[0052] The valve closure member 166 rests on the valve seat 170 as long as
the pressure prevailing at the suction side of the pump 38, i.e. at the axial port 156,
is equal to or greater than the hydraulic pressure in the LPA 36, i.e. at the radial port
158. The spring 168 is relaxed and does not preload the valve closure member 166;
it only holds the valve closure member 166 in place. As soon as the pressure in the
axial port 156 decreases below the pressure in the radial port 158, the valve member
166 is displaced, thereby opening a fluid path from the radial port 158 through the
radial and axial channels 152 and 154, and through the valve seat 170 to the axial
port 156.

[0053] If, however, the pressure acting in space 174 acting on the wider piston
section 144 overcomes the force of the piston spring 160 and of the valve spring
168, the valve spring 168 is compressed by a length equal to the piston stroke h.
The valve spring 168 is now preloaded with the pressure retention bias. The valve
spring 168 is designed to provide a bias that would allow the valve closure member
166 to lift off the valve seat 170 if the pressure at the radial port 158 is higher than at
the axial 156 port by approximately 1 bar.

[0054] The hydraulic lines connected to the axial and radial ports 156 and 158
can be swapped if the valve closure member 166 has its seat on the axial port 156
and if the valve spring 168 abuts the end of the smaller piston section. Also, the
seals 148 and 150 shown here as simple O-rings can be designed as lip seals or
with any other cross-section.

[0055] The various embodiments shown are only examples for implementing
the invention. It is, for instance, possible to integrate the pressure retention valve in

the shuttle valve, in the suction valve, or in other additional valves not shown here.
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Because the possibilities are endless, the invention should not be viewed to be

limited to the specific embodiments

14
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PATENT CLAIMS

What is claimed is:
1. An electronically controlled hydraulic brake system comprising:

a driver-operated pressure generator displacing brake fluid into a brake
circuit,

a wheel brake,

a brake line connecting the pressure generator to the wheel brake,

a low-pressure accumulator,

a relief line from the wheel brake to the low-pressure accumulator,

a self-priming pump with a suction side and a pressure side,

a suction line from the low-pressure accumulator to the suction side,

a pressure retention valve assembly in the suction line,

a pressure line from the pressure side of the pump to a junction with the brake
line between the pressure generator and the wheel brake,

a supply line from the brake line from the pressure generator to the suction
line, and

wherein the pressure retention valve assembly is actuatable to two conditions,
a first condition which allows a flow of brake fluid from the low-pressure accumulator
to the suction side of the pump and has a pressure retention bias requiring a
pressure difference of at least 0.5 bar to allow the flow of brake fluid, and a second

condition which disables the pressure retention bias.

2. The brake system of claim 1, wherein the second condition enables a bias

below 0.5 bar.
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3. The brake system of claim 1, wherein the pressure retention valve assembly
moves to the second condition when the pressure generated by the pressure

generator equals atmospheric pressure.

4, The brake system of claim 1, wherein the pressure retention valve assembly
moves to the second condition when the pressure in the brake line between the

separating valve and the inlet valve equals atmospheric pressure.

5. The brake system of claim 1, wherein the pressure retention valve assembly
comprises a two-position valve having a normal position and an activated position,
the normal position and corresponding to one of the conditions and the activated

position corresponding to the other of the conditions.

6. The brake system of claim 5, wherein the two-position valve is hydraulically

controlled to move between the positions.

7. The brake system of claim 5, wherein the two-position valve is electronically

controlled to move between the positions.

8. The brake system of claim 5, wherein one of the two positions of the two-
position valve assembly allows a bidirectional flow of brake fluid through the suction

line in the second condition.

9. The brake system of claim 5, wherein the pressure retention valve assembly

comprises a pressure retention valve with a bypass around the pressure retention

16
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valve, wherein the two-position valve opens and closes the bypass by moving

between the positions.

10.  The brake system of claim 5, wherein the bypass allows unidirectional flow of

brake fluid in the second condition.

11.  The brake system of claim 9, wherein the bypass allows bidirectional flow of

brake fluid in the second condition.

12.  The brake system of claim 5, wherein the normal position corresponds with

the first condition and enables the pressure retention bias.

13.  The brake system of claim 5, wherein the normal position corresponds with

the second condition and disables the pressure retention bias.

14. A method for reducing wear on brake pads in an electronically controlled
hydraulic brake system of a vehicle, the brake system comprising the steps of:
providing a wheel brake, a low-pressure accumulator, a relief line from the
wheel brake to the low-pressure accumulator, a self-priming pump with a suction
side and a pressure side, a suction line from the low pressure accumulator to the
suction side, a pressure retention valve assembly in the suction line, the pressure
retention valve assembly being actuatable to move to two conditions, in a first
condition the valve assembly allowing a flow of brake fluid from the low-pressure
accumulator to the suction side of the pump and having a pressure retention bias
requiring a pressure difference of at least 0.5 bar to allow the flow of brake fluid, and

a second condition disabling the pressure retention bias, and
17
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actuating the pressure retention valve assembly to one of the two conditions.

15.  The method of claim 14, further comprising the steps of:

providing a manually operated pressure generator, a brake line connecting
the pressure generator with the wheel brake, and a pressure sensor in the brake
line,

detecting an atmospheric pressure with the pressure sensor, and

setting the pressure retention valve assembly to the second condition.

16.  The method of claim 14, further comprising the steps of:

providing a manually operated pressure generator, a brake line connecting
the pressure generator with the wheel brake, and a pressure sensor in the brake
line,

detecting a higher than atmospheric pressure with the pressure sensor, and

setting the pressure retention valve assembly to the first condition.

17.  The method of claim 14, further comprising the steps of:

providing a manually operated pressure generator, a brake line connecting
the pressure generator with the wheel brake, a pressure line connecting the pressure
side of the pump with a junction in the brake line, a separating valve in the brake line
between the pressure generator and the junction, and a pressure sensor in the brake
line between the separating valve and the wheel brake,

detecting an atmospheric pressure with the pressure sensor, and

setting the pressure retention valve assembly to the second condition.
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18.  The method of claim 14, further comprising the steps of:

providing a manually operated pressure generator, a brake line connecting
the pressure generator with the wheel brake, a pressure line connecting the pressure
side of the pump with a junction in the brake line, a separating valve in the brake line
between the pressure generator and the junction, and a pressure sensor in the brake
line between the separating valve and the wheel brake,

detecting a higher than atmospheric pressure with the pressure sensor, and

setting the pressure retention valve assembly to the first condition.

19.  The method of claim 14, wherein the pressure retention valve assembly is an
electronically controlled pressure retention valve with a first and a second position
corresponding to the first and second conditions respectively and wherein the
pressure retention bias is active in the first position and not in the second position,
wherein the pressure retention bias is disabled by switching the pressure retention

valve from the first position to the second position.

20. The method of claim 14, wherein the pressure retention valve assembly has a
pressure retention valve having a bypass with an electronically controlled bypass
valve having a closed position and an open position corresponding to the first and
second conditions respectively, wherein the pressure retention bias is disabled by

switching the bypass valve from the closed position to the open position.

19



WO 2012/161835 PCT/US2012/026860

1/3




WO 2012/161835

2/3

PCT/US2012/026860

102 —
< S
f‘/ '\\} [ "\

s
102 —~ T t‘w é’k
f“\ k 56
120 72 82
C
i X ory
Fig. 9 a 66
: 64
m*ﬂ




PCT/US2012/026860

WO 2012/161835

3/3

1445
vl

8yl
8cl

9¢l

861
vl

vl

9g1

89l

qo} ‘614

174 ¢ll

29l

9l

il

0G1
esl

01

oGl

\ _
i 09}
Gl
—
T
S

eg} ‘014
1) Zlh
1274" Zol
9:17 NN I\
ol V 0%l
8el
bGl
gl
= ey
851 7 — -
opl
251
vl L/ 0/l
09 — ol
&Nﬁﬂ
89l



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/026860
A. CLASSIFICATION OF SUBJECT MATTER
INV. B60T8/48
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B6OT

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 383 718 A (BURGDORF JOCHEN [DE] ET 1-6,13
AL) 24 January 1995 (1995-01-24)
A abstract; figures 2,8 14
column 3, line 30 - line 53
column 5, line 9 - Tine 43
column 8, line 51 - line 68
A JP 2010 089626 A (HONDA MOTOR CO LTD) 1,14
22 April 2010 (2010-04-22)
abstract; figure 2
A US 2004/201273 Al (KAMIYA MASAHIKO [JP] ET 1,14
AL) 14 October 2004 (2004-10-14)
the whole document
A US 5 275 476 A (MAISCH WOLFGANG [DE]) 1,14
4 January 1994 (1994-01-04)
column 2, line 56 - line 65; figures

See patent family annex.

D Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

16 May 2012

Date of mailing of the international search report

29/05/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Meijs, Paul

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/026860
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5383718 A 24-01-1995 DE 4108756 Al 24-09-1992
EP 0504334 Al 23-09-1992
JP H05502838 A 20-05-1993
Us 5383718 A 24-01-1995
WO 9205990 Al 16-04-1992
JP 2010089626 A 22-04-2010  NONE
US 2004201273 Al 14-10-2004 JP 4333190 B2 16-09-2009
JP 2004306914 A 04-11-2004
US 2004201273 Al 14-10-2004
US 5275476 A 04-01-1994 DE 4135062 Al 29-04-1993
EP 0538600 A2 28-04-1993
JP 3476487 B2 10-12-2003
JP 5213177 A 24-08-1993
Us 5275476 A 04-01-1994

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report

