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Providing a source of hydraulic fluid

Arranging a first brake valve and
a second brake valve In a
parallel configuration

Operating the first and second brake valves
to provide hydraulic fluid to first and second brakes

Operating the first brake valve to provide
hydraulic fluid to the first brake in response
to a first control signal, and operating the
second brake valve to provide hydraulic fluid
to the second brake in response to a
second control signal.
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Title
HYDRAULIC SYSTEM FOR BRAKES

Technical Field

[1] The present disclosure relates to a hydraulic system for brakes, and 1n

particular to a hydraulic system for a vehicle having first and second brakes.

Background

[2] Vehicle brakes are often controlled by hydraulic systems, in which a pedal-
actuated valve 1s used to control supply of hydraulic fluid to the brakes. Some vehicles
have more than one brake system, for instance front and rear brakes. Hydraulic systems for
such vehicles use two valve sections, one for the front brakes and the other for the rear
brakes, which allow flow of hydraulic fluid to the front and rear brakes when a brake pedal
1s pressed by an operator. Prior hydraulic systems often have the two valve sections
configured 1n series which may result in brake pressure bias and/or overshoot. Bias occurs
when the brake pressure provided to the two brake systems 1s not equal; overshoot occurs
when the brake pressure exceeds the nominal pressure setting of the pedal valve. Bias and
overshoot may have a negative effect on brake and axle component durability.

[3] Many vehicles have a second actuation system for the brakes, which may be
used for retarding, anti-skid braking or dynamic brake control. Typically the hydraulic
system 1includes a solenoid-controlled valve for each brake system to provide the second
actuation system and additional valves to resolve and determine whether pedal-actuation or
solenoid-actuation will control the supply of hydraulic fluid to the brake systems. Inclusion
of additional valves may increase bias and overshoot between brake systems, and may

increase overall cost of the hydraulic system.

Summary of the Disclosure

[4] In an aspect of the present disclosure, a hydraulic system for a vehicle having
first and second brakes 1s provided. The hydraulic system comprises a source of hydraulic
fluid, a first brake valve and a second brake valve. Each of the first and second brake
valves have a pressure inlet, an exhaust outlet and a control inlet. The hydraulic system

includes the first and second brake valves being arranged in a parallel configuration,
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wherein the pressure inlet of each of the first and second brake valves 1s connected to the
source of hydraulic fluid, and the exhaust outlet of each of the first and second brake
valves 1s connected to a respective one of the first and second brakes. Wherein either: (a)
each of the first and second brake valves 1s responsive to a braking signal in the form of
actuation of a foot pedal by an operator of the vehicle to permit hydraulic fluid to flow
from said source of hydraulic fluid to apply the respective one of the first and second
brakes, or (b) the control inlets of each respective one of the first and second brake valves
1s directly responsive to a braking signal from an operator of the vehicle to control the
respective one of the first and second brake valves to permit hydraulic fluid to flow from
said source of hydraulic fluid to apply the respective one of the first and second brakes.
The hydraulic system further comprises a first control valve and a second control valve,
each connected to the source of hydraulic fluid, characterised in that the first and second
control valves are responsive to control signals to selectively provide hydraulic fluid from
said source of hydraulic fluid to the control inlet of the first and second brake valves,
respectively, to control the first and second brake valves to permit hydraulic fluid to flow
from said source of hydraulic fluid to apply the first and second brakes independently of
the operator of the vehicle.

[S] In another aspect of the present disclosure, a method for controlling hydraulic
fluid 1n a vehicle having first and second brakes 1s provided. The method 1s characterised
by providing a source of hydraulic fluid, and arranging a first brake valve and a second
brake valve 1n a parallel configuration, wherein a pressure inlet of each respective one of
the first and second brake valves 1s connected to a source of hydraulic fluid, and an exhaust
outlet of each respective one of the first and second brake valves 1s connected to a
respective one of the first and second brakes. The method 1s further characterised by
controlling operation of the first and second brake valves independently of the operator of
the vehicle such that the first and second brake valves permits hydraulic fluid to flow from
said source of hydraulic fluid to the first brake to apply the first brake 1n response to a first
control signal, and the second brake to apply the second brake in response to a second
control signal.

[6] Other features and aspects of this disclosure will be apparent from the

following description and the accompanying drawing.
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Brief Description of the Drawings

[7] FIG. 1 1s a schematic diagram of a hydraulic system according to embodiments
of the present disclosure; and
[8] FIG. 2 1s a flowchart of a method for controlling hydraulic fluid 1n a vehicle

according to embodiments of the present disclosure.

Detailed Description

[9] Reference will now be made 1n detail to specific embodiments or features,
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examples of which are illustrated in the accompanying drawings. Wherever possible,
corresponding or similar reference numbers will be used throughout the drawings to refer
to the same or corresponding parts.

[10] FIG. 1 shows a hydraulic system 10 for a vehicle having first brakes 12 and
second brakes 14. In the illustrated embodiment shown in FIG. 1, the first brakes 12
comprise a front-right brake 12a and a front-left brake 12b, and the second brakes 14
comprise a rear-right brake 14a and a rear-left brake 14b. In other embodiments of the
present disclosure, other combinations of brakes may form the first and second brakes.

[11] The hydraulic system 10 comprises a source of hydraulic fluid 16. The source
of hydraulic fluid 16 may comprise a first accumulator 16a and a second accumulator 16b.
In some embodiments of the present disclosure, a single accumulator may be used.
Alternative sources of hydraulic fluid known to those skilled in the art may also be used
with other embodiments of the present disclosure.

[12] The hydraulic system 10 further comprises a first brake valve 18a and a second
brake valve 18b. The first brake valve 18a has a pressure inlet 20a, an exhaust outlet 22a
and a control inlet 24a. Similarly, the second brake valve 18b has a pressure inlet 20b, an
exhaust outlet 22b and a control inlet 24b.

[13] The pressure inlets 20a, 20b of the first and second brake valves 18a, 18b are
connected to the source of hydraulic fluid 16. In some embodiments of the present
disclosure, the pressure inlet 20a of the first brake valve 18a may be connected to the first
accumulator 16a and the pressure inlet 20b of the second brake valve 18b may be
connected to the second accumulator 16b. In other embodiments of the present disclosure,
the pressure inlets 20a, 20b may be connected to a common accumulator.

[14] The exhaust outlets 22a, 22b of the first and second brake valves 18a, 18b are
connected to the first and second brakes 12, 14 via hydraulic lines 26a, 26b, respectively.
[15] The first and second brake valves are arranged in a parallel configuration
whereby the control inlets 24a, 24b of the first and second brake valves 18a, 18b are
directly responsive to a braking signal from an operator of the vehicle. In the illustrated
embodiment shown in FIG. 1, the first and second brake valves 18a, 18b are each
responsive to a braking signal in the form of actuation of a foot pedal 30 by an operator of
the vehicle. Actuation of the foot pedal 30 compresses springs 32a, 32b. In other

embodiments of the present disclosure, the control inlets 24a, 24b may be responsive to a
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braking signal by other suitable mechanisms, such as a solenoid actuated by an engine
control unit 1n response to an operator pressing a brake pedal.

[16] The first and second brake valves 18a, 18b may each comprise a 3-way 3-
posttion valve. In the embodiment of the present disclosure illustrated in FIG. 1, the first
and second brake valves 18a, 18b are the same; for brevity only the first brake valve 18a
will be described, however it should be understood that the second brake valve 18b is of
the same form. Like reference numerals are used in FIG. 1, with a suffix ‘a’ appearing on
parts of first brake valve 18a and a suffix ‘b’ appearing on parts of second brake valve 18b.
[17] The first brake valve 18a may have a valve slide 34a movable between a first
valve shide position 36a and a second valve slide position 38a with a transition position 40a
provided between valve slide positions 36a and 38a.

[18] The valve shde 34a may be biased towards the first valve slide position 36a by
a spring 42a provided at a secondary control inlet 44a. When the valve slide 34a is in the

first valve slide position 36a, hydraulic fluid flows may be prevented from flowing

between the pressure inlet 20a and the exhaust outlet 22a, while the exhaust outlet 22a may

be in fluid communication with a drain outlet 46a. In the illustrated embodiment, the first
valve slide position 36a may correspond with no braking applied to the first brakes 12.

[19] When the valve slide 34a 1s in the second valve slide position 38a, the pressure
inlet 20a may be in fluid communication with the exhaust outlet 22a to permit hydraulic
fluid to flow to the exhaust outlet 22a and hence to the first brakes 12 via the hydraulic line
26a. In the illustrated embodiment, the second valve slide position 38a may correspond
with braking being applied to the first brakes 12.

[20] The first brake valve 18a may be a load-sensing valve whereby an orifice 48a
1s provided between the exhaust outlet 22a and the secondary control inlet 44a. The orifice
43a may be provided internally to the first brake valve 18a. In some embodiments of the
present disclosure, 1t may be preferred that the first and second brake valves 18a, 18b are
load-sensing valves, which may provide a smoother operator experience of the brakes 12,
14.

[21]} The hydraulic system 10 further comprises a first control valve 50a and a
second control valve 50b. The first and second control valves 50a, 50b are each connected
to the source of hydraulic fluid 16. The first control valve 50a may be connected to the first

accumulator 16a and the second control valve 50b may be connected to the second
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accumulator 16b. The first and second control valves 50a, 50b are configured to selectively
provide hydraulic fluid to the control inlets 24a, 24b of the first and second brake valves
18a, 18b, respectively.

[22] In some embodiments of the present disclosure, the first and second control
valves 50a, 50b may each comprise a 3-way 2-position solenoid valve. The first and
second control valves 50a, S0b may be responsive to a corresponding first and second
control signal 52a, 52b, respectively. The first control valve 50a may selectively provide
hydraulic fluid to the control inlet 24a of the first brake valve 18a in response to the first
control signal 52a. Similarly second control valve 50b may selectively provide hydraulic
fluid to the control inlet 24b of the second brake valve 18b 1n response to the second
control signal 52b.

[23] The valve slides 34a, 34b may be biased towards the second valve slide
position 36a, 36b by the springs 42a, 42b. The valve slides 34a, 34b of both brake valves
18a, 18b will be biased towards the second valve slide positions 36a, 36b with no input
from foot pedal 30. With no mnput from foot pedal 30, both springs 32a and 32b maintain
foot pedal 30 1n the fully retracted position. The valve slides 34a, 34b of both brake valves
18a, 18b will be biased towards the first valve slide positions 38a, 38b when the operator
presses the foot pedal 30. The valve slides 34a and 34b may be independently biased
towards the first valve slide positions 38a and 38b, respectively, by hydraulic fluid from
the corresponding control valve 30a, 350b since the control valves 50a, 50b may be
separately controlled via control signals 52a, 52b, respectively. The control signals 32a,
52b may be received from an engine control unit (not shown) and may be permit the first
and/or second brakes 12, 14 to be used for braking independently of the operator.

[24] Referring now to FIG. 2 of the drawings, a method 100 for controlling
hydraulic fluid 1n a vehicle having first and second brakes 12, 14 1s shown.

[25] At step 102 a source of hydraulic fluid 16 1s provided. Optionally, the source of
hydraulic fluid 16 may comprise a first accumulator 16a and a second accumulator 16b, the
first brake valve 18a being connected to the first accumulator 16a and the second brake
valve 18b being connected to the second accumulator 16b.

[26] At step 104, a first brake valve 18a and a second brake valve 18b are arranged
in a parallel configuration, wherein a pressure inlet 20a, 20b of the first and second brake

valves 18a, 18b are connected to the source of hydraulic fluid 16, and an exhaust outlet 22a,
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22b of the first and second brake valves 18a, 18b are connected to the first and second
brakes 12, 14, respectively.

[27] At step 106, operation of the first and second brake valves 18a, 18b 1s
controlled such that the first and second brake valves 18a, 18b provide hydraulic fluid to
the first and second brakes 12, 14, respectively, in response to a braking signal from an
operator of the vehicle.

[28] At step 108, operation of the first and second brake valves 18a, 18b 1s
controlled such that the first brake valve 18a provides hydraulic fluid to the first brake 12
in response to a first control signal 52a, and the second brake valve 18b provides hydraulic
fluid to the second brake 14 in response to a second control signal 52b. The method may
comprise providing first and second control valves 50a, 50b responsive to first and second
control signals 52a, 52b, respectively, and configuring the first and second control valves
50a, 50b to control operation of the first and second brake valves 18a, 18b to selectively
provide hydraulic fluid to the first and second brakes 12, 14, respectively.

[29] In some embodiments of the method of the present disclosure, the first brakes
12 of the vehicle comprise a front-right brake 12a and a front-left brake 12b, and the

second brakes 14 of the vehicle comprise a rear-right brake 14a and a rear-left brake 14b.

Industrial Application

[30] The present disclosure provides a hydraulic system for controlling brakes in a
vehicle. The hydraulic system 10 may be applicable to vehicles where braking 1s required
to be controlled independently of the operator. The hydraulic system 10 may reduce the
number of valves required, and may thereby reduce manufacturing costs and may increase

reliability due to requiring fewer components.
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Claims

1. A hydraulic system for a vehicle having first and second brakes,
comprising a source of hydraulic fluid, a first brake valve and a second brake
valve, each of the first and second brake valves having a pressure inlet, an
exhaust outlet and a control inlet, the hydraulic system 1ncluding:
the first and second brake valves being arranged 1n a parallel
configuration, wherein the pressure inlet of each of the first and
second brake valves 1s connected to the source of hydraulic fluid,
and the exhaust outlet of each of the first and second brake valves
1s connected to a respective one of the first and second brakes;
wherein either:
(a) each of the first and second brake valves 1s responsive to a
braking signal 1n the form of actuation of a foot pedal by an
operator of the vehicle to permit hydraulic fluid to flow from said
source of hydraulic fluid to apply the respective one of the first
and second brakes, or
(b) the control 1nlet of each respective one of the first and second
brake valves 1s directly responsive to a braking signal from an
operator of the vehicle to control the respective one of the first and
second brake valves to permit hydraulic fluid to flow from said
source of hydraulic fluid to apply the respective one of the first
and second brakes; and further including
a first control valve and a second control valve, each connected to
the source of hydraulic fluid;
characterised 1n that the first and second control valves are
responsive to control signals to selectively provide hydraulic fluid
from said source of hydraulic fluid to the control 1nlet of the first
and second brake valves, respectively, to control the first and
second brake valves to permit hydraulic fluid to flow from said

source of hydraulic fluid to apply the first and second brakes
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independently of the operator of the vehicle.

2. The hydraulic system of claim 1, wherein the source of hydraulic fluid
comprises a first accumulator and a second accumulator, wherein the first brake
valve and the first control valve are connected to the first accumulator and the
second brake valve and the second control valve are connected to the second

accumulator.

3. The hydraulic system of claim 1 or 2, wherein the first brakes of the
vehicle comprise a front-left brake and a front-right brake, and the second brakes

of the vehicle comprise a rear-left brake and a rear-right brake.

4 The hydraulic system of any preceding claim, wherein the first and

second control valves each comprise a single valve.

5. The hydraulic system of any preceding claim, wherein the first and
second control valves are responsive to first and second control signals,

respectively.
0. The hydraulic system of any preceding claim, wherein the control inlet of
the first and second brake valves 1s directly responsive to a foot-actuated braking

signal from an operator of the vehicle.

7. The hydraulic system of any preceding claim, wherein the first and

second brake valves each comprise a single valve.

8. The hydraulic system of claim 7, wherein the first and second brake

valves each comprise a load-sensing valve.

9. A vehicle comprising the hydraulic system of any preceding claim.



30 03 20

10

15

20

235

30

10

10. A method for controlling hydraulic fluid 1n a vehicle having first and

second brakes, characterised by:
providing a source of hydraulic fluid;
arranging a first brake valve and a second brake valve 1n a parallel
configuration, wherein a pressure inlet of each respective one of
the first and second brake valves 1s connected to the source of
hydraulic fluid, and an exhaust outlet of each respective one of the
first and second brake valves 1s connected to a respective one of
the first and second brakes;
controlling operation of the first and second brake valves such that
the first and second brake valves permit hydraulic fluid to flow
from said source of hydraulic fluid to the first and second brakes,
respectively, to apply the first and second brakes, respectively, 1n
response to a braking signal from an operator of the vehicle; and
controlling operation of the first and second brake valves
independently of the operator of the vehicle such that the first
brake valve permits hydraulic fluid to flow from said source of
hydraulic fluid to the first brake to apply the first brake in response
to a first control signal, and the second brake valve permits
hydraulic fluid to flow from said source of hydraulic fluid to the
second brake to apply the second brake 1n response to a second

control signal.

11. The method of claim 10, wherein the source of hydraulic fluid comprises
a first accumulator and a second accumulator, the first brake valve being

connected to the first accumulator and the second brake valve being connected to

the second accumulator.

12. The method of claim 10 or 11, wherein the first brakes of the vehicle
comprise a front-left brake and a front-right brake, and the second brakes of the

vehicle comprise a rear-left brake and a rear-right brake.
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13. The method of claims 10 to 12, further comprising providing first and
second control valves responsive to first and second control signals, respectively,
the first and second control valves configured to controlling operation of the first
and second brake valves to selectively provide hydraulic fluid to the first and

second brakes, respectively.
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