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(57) Abstract: A braking system (100) for a vehicle comprises: a regenerat-
ive braking system (110) and a friction braking system (120). The friction
braking system (120) comprises one or more traditional friction brakes (121),
which are operable to deccelerate the vehicle in a conventional manner and
further comprises a cooling device (122) operable to cool the one or more
friction brakes (121). The cooling device (122) comprises one or more
blowers (123) and a means (124) for directing air produced by said blowers
(123) towards the friction brakes (121). The regenerative braking system
(110) comprises an electric motor (111) that is configurable to operate as an
electric generator. The electric motor (111) is connected to one or more of
the vehicle's road wheels and is operable to deccelerate the vehicle by using
one or more of said wheels to drive electric motor (111) to generate electric
energy. By doing this, the regenerative braking system (101) is operable to
recover energy when braking the vehicle. The regenerative braking system
(110) is operable to direct at least part of the recovered energy to the cooling
device (122) and/or the battery (112). When the regenerative braking system
(110) is utilised, it preferentially directs the recovered energy to battery
(112). When the battery (112) is at substantially full capacity, the regenerat-
ive braking system (110) directs the recovered energy to the cooling device
(122). When the friction braking system (120) is utilised, the cooling device
(122) is actuated and directs air at the friction brakes (121).
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A braking system for a vehicle

Technical field of the invention

The present invention relates to a braking system for a vehicle that incorporates an

element of regenerative braking, and to a vehicle fitted with such a braking system.

Background to the invention

Regenerative braking systems capture, and possibly store for future use, at least part
of the kinetic energy lost by a vehicle as it brakes. Such systems are often employed by
electric and hybrid vehicles. When a regenerative brake is applied, an electric drive motor of
the vehicle acts as a generator and converts the vehicle’s kinetic energy into electrical energy,
which is used to charge the battery. However, when the battery is at full capacity, such a
system cannot be used and therefore vehicles with redenerative braking systems are also

provided with conventional friction brakes.

Hybrid vehicles tend to be significantly heavier than other vehicles since they comprise
a greater number of component parts. As such, they tend to have correspondingly larger
friction brakes to ensure that the friction brakes can stdp the vehicle sufficiently quickly. In
turn, this further increases the mass of such vehicles relative to conventional vehicles.
However, it is generally desired to reduce the mass of vehicles, particularly their un~sprung

mass.

JP6113404 discloses an arrangement where energy recovered by a regenerative
braking system is used to drive brake cooling fans for friction brakes. This enables
regenerative braking to be employed even when the vehicle battery is fully charged and, by
cooling the friction brakes, improves their fade resistance. Power generated during
regenerative braking ié apportioned between the vehicle battery and brake cooling fans
depending on the state of charge of the battery. So, when the battery is not fully charged a
greater proportion of the recovered energy is directed to the battery. When the battery is fully,

or nearly fully, charged a greater proportion of the energy is directed to the cooling fans. This
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provides a crude measure of control in that greater brake' cooling is afforded when the battery
is fully charged when regenerative braking is limited and so greater reliance is placed on the

friction brakes causing them to generate more heat which must be dissipated.

However, this arrangement still causes unnecessary operation of the brake cooling

fans leading to wasted energy and/or inefficient operation-of the mechanical brakes.

It is an object of embodiments of the present invention to at least partially overcome

these problems,

Summary of the invention

According to a first aspect of the present invention there is provided: a braking system
for a vehicle comprising: a regenerative braking system operable to recover energy when
braking the vehicle, a friction braking system comprising one or more friction brakes and a
cooling device operable to cool the one or more friction brakesi a control device operable to
direct at least part of the recovered energy to drive the cooling device and characterised by a
temperature sensor arranged to measure the temperature of at least one friction brake and
relay the measured temperature to the control device, and in that the control device is
arranged to direct energy to the cooling device in dependence upon the measured

temperature of the or each friction brake.

By measuring the temperature of the or each friction brake it is possible to arrange to
operate the cooling device only when the brakes require cooling. This gives the combined
benefits of saving energy and ensuring that the brakes reach a desirable minimum operating

temperature so as {o optimise their performance.

The regenerative braking system may comprise an energy storage device. The energy
storage device may be operable to store electrical or electrochemical energy. The energy
storage device may comprise a battery and/or a capacitor. The control device may be

operable to direct at least part of the recovered energy to the energy storage device.



10

15

20

25

WO 2013/128192 PCT/GB2013/050497

The control device may direct the recovered energy directly to the cooling device.
Alternatively, the recovered energy may be directed to the cooling device via one or more
intermediate components. For example, the recovered eﬁergy may be directed to the energy
storage device and, subsequently, directed from the energy storage device to the cooling

device.

The control device may be operable to establish availably capacity in the storage
device. When the energy storage device is at substantially full capacity, the control device
may be operative to direct all of the recovered energy to the cooling device. This allows the
regenerative braking system to continue to operate even when the energy storage device is

substantially full.

_The control device may be operative to direct at least part of the recovered energy to
the cooling device when the friction brakes are in use. This may help to better dissipate heat
generated by the friction brakes and keep the friction brakes at a relatively low temperature.
The control device may be further operable to direct at least part of the recovered energy to
the cooling device for a finite time after the friction brakes have been in use, and/or until the

friction brakes have reached a desired temperature.

The cooling device may comprise a blower and a means for directing air produced by
said blower towards the one or more friction brakes. Each of the one or more friction brakes
may be provided with its own blower. Alternatively, the braking system may comprise a blower
that is operable to serve a plurality of the friction brakes, said blower being provided with a
means for directing air towards each of the friction brakes served thereby. Said blower may
act as an air source for other components of the vehicle. For example, the blower may also

serve to cool an engine of the vehicle,

The control device may comprise a processor. The control device may be operable to
control any or all of the following: actuation of the regenerative braking system; actuation of
the friction braking system; actuation of the cooling device; and the destination to which the

recovered energy is directed from the regenerative braking system.
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According to a second aspect of the present invention there is provided: a vehicle

comprising a braking system according to the first aspect of the present invention.

The vehicle according to the second aspect of the present invention may comprise any
or all of the features of the braking system according to the first aspect of the present

invention as desired or required.

The vehicle may be a hybrid vehicle having an internal combustion engine, and

electric drive motor and an energy storage device. The vehicle may be an automobile.

Detailed Description of the Invention

in order that the invention may be more clearly understood embodiments thereof will
now be described, by way of example only, with reference to the accompanying drawings, of

which:

Fig. 1 is a schematic view of a braking system;
Fig. 2 shows part of a vehicle with a first embodiment of a brake cooling device;

Fig. 3 shows part of a vehicle with a second embodiment of a brake cooling device;

and
Fig. 4 is a schematic diagram of a preferred operation mode of a braking system.

Referring to Fig. 1, a braking system 100 for a hybrid automobile comprises: a

regenerative braking system 110 and a friction braking system 120.

The friction braking system 120 comprises: one or more traditional friction disc brakes

121; a cooling device 122; and temperature sensor 125.

The one or more traditional friction brakes 121 are operable to decelerate the vehicle
in a conventional manner. Each such friction brake 121 comprises a brake disc disposed on
an axle of the vehicle and one or more brake pads disposed on a chassis of the vehicle. When

the friction brakes 121 are actuated, the brake pads are brought into contact with the brake
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disc and friction therebetween causes the rotation of the wheels relative to the chassis to slow
down. This friction creates heat and therefore causes the brake pads and discs to heat up.
The force which brings the brake pads and discs into contact may be provided by any
standard method and may be, for example, mechanical, hydraulic, pneumatic or

electromagnetic.

The cooling device 122 is operable to cool the one or more friction brakes 121. The
cooling device 122 comprises one or more blowers 123, such as electric motor driven fans,
and a means, such as a duct, 124 for directing air produced by said blowers 123 towards the

friction brakes 121.

Various different specific embodiments of cooling device 122 are envisaged and two
such embodiments will now be described with reference‘to Figs 2 and 3, which both show a
part of an automobile 200. In the embodiment shown in Fig. 2, each friction brake 121 is
provided with its own blower 123 and ducting 124 to direct air produced by said blower 123
towards said friction brake (only one friction brake is shown for simplicity). Alternatively, the
friction braking system 120 may comprise a blower 123 that serves a plurality of friction
brakes 121 and ducting 124 is provided to direct air produced by the blower 123 towards each
friction brake 121. This is the case for the embodiment shown in Fig. 3, wherein a single
blower 123 serves as the air source 123 for both of the front frictidn brakes 121 (only one
friction brake is shown for simplicity). The single blower 123 is situated centrally, towards the

front of the vehicle 200 and is also operable to cool an engine 201 of the vehicle 200.

The temperature sensor 125 is operable to determine the temperature of the one or

more friction brakes 121.

The regenerative braking system 110 comprises an electric drive motor 111 that is
configurable to operate as an electric generator. The electric motor 111 is connected to one or
more of the vehicle's road wheels and is operable to decelerate the vehicle by using one or

more of said wheels to drive electric motor 111 to generate electric energy. By doing this, the
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regenerative braking system 101 is operable to recover energy when braking the vehicle. The

system further comprises an electric battery 112 and a control device 113.

The control device 113 comprises a processor. It is connected to the electric motor,
battery, friction brake temperature sensor(s) 125 and driyer’s brake control (such as a brake
pedal). It is operable to control: actuation of the regenerative braking system 110; actuation of
the friction braking system 120; actuation of the cooling device 122; and the destination to

which the recovered energy is directed from the regenerative braking system 110.

In use, when the braking system 100 is actuated to slow the vehicle, the régenerative
braking system 110 and/or the friction braking system 120 may be used. The friction brake
cooling device may be operated at any time, and driven by energy recovered by the

regenerative braking system and/or stored in the battery 112.

The control device 113 operates to ensure that where posssble the regenera‘uve
braking system is used in preference to the friction brakmg system, that as much as possible
of the energy recovered by the regenerative braking system is stored in the battery and that

the friction brakes are maintained within a desired operating temperature range.
A preferred operation 400 mode of a braking system 100 is illustrated in Fig 4.

On a brake application, as a first step 401, the control device determines the
temperature of the friction brakes using the temperature sensor 125. At the next step 402 the
temperature of the brake disc of each of the friction brakes 121 is compared to a threshold

Control Temperature,

If the temperature of any brake disc exceeds the threshold Control Temperature then
the cooling device 122 is actuated to cool the brake discs (step 403) and any energy
recovered by the regenerative braking system 110 is directed to drive the cooling device 122,

Any excess energy may be directed to charge the battery.
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If the temperature of each of the bake discs is lower than the threshold Control
Temperature then, as a next step 404, it is determined whether or not the battery 112 is at full
capacity. If the battery 112 is at full capacity and there ié no storage available then all of the
energy redovered by the regenerative braking system 110 is directed to the cooling device
122 and the cooling device 122 is actuated to cool said bake discs (step 403). Otherwise, all

of the energy recovered by the regenerative braking system 110 is directed to the battery 112.

The sequence of steps may be continually reviewed during a brake application so that
operation of the system may change for example as the friction brakes heat up and/or the

battery becomes fully charged.

When the friction braking system 120 is utilised and its temperature is above the
Control Temperature, the cooling device 122 is actuated and directs air at the friction brakes
121. This aids the dissipation of the heat that is generated by the friction brakes 121 and
therefore allows the friction braking system 120 to function more efficiently. The control device
may cause the cooling device 122 to run finite time after the friction braking system 120 has
been used and/or until the temperature of the brakes falls below the Control Temperature, or
some higher threshold temperature. It is desirable to minimise operation of the cooling device
when the regenerative braking system is not operating so as not to use up energy stored in

the battery.

The combination of a cooling device 122 to cqol the friction brakes 121, and the
functionality to redirect energy recovered by the regenerative braking system 110 to the
cooling device allows one to reduce the size and weight of the friction brakes 121 on an
electric or hybrid motor vehicle. This is especially advantageous for hybrid vehicles which are

generally significantly heavier than conventional vehicles.

Controlling operation of the brake cooling device depending upon the temperature of
the friction brakes enables the friction brakes to be maintained within a desired operating
temperature range to maximise their efficiency whilst also allowing as much recovered energy

as possible to be stored in the battery.
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The above embodiments are described by way of example only. Many variations are

possible without departing from the scope of the invention as defined in the appended claims.



10

15

20

25

WO 2013/128192 PCT/GB2013/050497

Claims

A braking system (100) for a vehicle comprising: a regenerative braking system v('l 10)
operable to recover energy when braking the vehicle, a friction braking system (120)
comprising one or more friction brakes (121) and a cooling device (122) operable to
cool the one or more friction brakes, a control device (1 13) operable to direct at least
part of the recovered energy to drive the cooling device and characterised by a
temperature sensor (125) arranged to measure the temperature of at least one friction
brake and relay the measured temperature to the control device, and in that the
control device is arranged to direct energy to the cooling device in dependence upon
the measured temperature of the or each friction brake.

A braking system as claimed in claim 1 wherein the regenerative braking system
further comprises an energy storage device (112).

A braking system as claimed in claim 2 wherein the control device is operable to direct
at least part of the recovered energy to the energy storage device.

A braking system as claimed in any one of claims 2 to 3 wherein the control device is
operative to establish availably capacity in the storage device and arranged to direct
all of the recovered energy to the cooling device when the energy storage device is at
substantially full capacity.

A braking system as claimed in claims 4 wherein the control device is arranged to
direct all of the recovered energy to the energy storage device when the energy
storage device is at less than full capacity and the temperature of the friction brakes is
below a threshold value.

A braking system as claimed in any preceding claim wherein the control device is
operative to direct at least part of the recovered energy to the cooling device when the

temperature of the friction brakes exceeds a threshold value.
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7.

10.

11.

12.

13.

14.

15.

10

A braking system as claimed in any preceding claim wherein the control device is
operative to direct at least part of the recovered energy to the cooling device when the
friction brakes are in use.

A braking system as claimed in claim 7 wherein the control device is operative to
direct at least part of the recovered energy to the cooling device for a finite time after
the friction brakes are in use.

A braking system as claimed in claim 7 wherein the control device is operative to
continue running the cooling device when the friction brakes are no longer in use if the
temperature of the friction brakes falls exceeds a t'hresho!d value.

A braking system as claimed in any preceding claim wherein the cooling device
comprises a blower for directing air towards the one or m:ore friction brakes.

A braking system as claimed in claim 8 wherein each of the one or more friction brake
is provided with its own blower.

A braking system as claimed in claim 8 wherein the braking system comprises a
blower that is operable to serve a plurality of the friction brakes, said blower being
provided with a means for directing air towards each of the friction brakes served
thereby.

A braking system as claimed in claim 15 wherein the blower also acts as an air source
for other components of the vehicle.

A braking system as claimed in any preceding claim wherein the control device is
operable to control any or all of the following: actuation of the regenerative braking
system; actuation of the friction braking system; actuation of the cooling device; and
the destination to which the recovered energ);'is directed from the regenerative
braking system.

A vehicle (200) comprising a braking system according to any one of claims 1 to 14.
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