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ELECTRIC BRAKE SYSTEM FOR A VEHICLE

TECHNICAL FIELD OF THE INVENTION

The present invention relates to an electric brake system for a vehicle, in particular a commercial
vehicle, a vehicle driven solely by electric energy and/or a hybrid vehicle driven both by electric
energy as well as by a combustion engine to mention only some examples. The vehicle might be
a bus, a commercial vehicle, a tractor, a train and/or a trailer. In a vehicle of this type, in the
electric brake system a brake force is generated by at least one electric brake device. In the
electric brake device a contact force between brake elements (in particular a brake pad and a

brake disc) is controlled by an electric brake actuator.

PRIOR ART

EP 1 302 371 A2 describes a known power supply system according to DE 197 55 050.9. In the
power supply system power is supplied to an electro-motoric brake device by two redundant
power sources by a common supply line. The redundant power sources guarantee that it is
possible to operate the brake device also in case of a failure of one of the power sources.
However, in case of a failure of the supply line (in particular a short-circuit or a rupture of the line)
it is no longer possible to operate the brake device. EP 1 302 371 A2 suggests to connect the
redundant power sources via redundant supply lines to electric ports of the brake device such
that two separate circuits are used for supplying the brake device with electric power. The two
circuits are separated by diodes. For one embodiment, a first power source is formed by a
generator (e.g. with a supply voltage of 42 V) whereas the second power source is an accumulator
(e.g. with a lower supply voltage of 14 V). Due to the redundant power supply, it is possible to
reduce the wire cross-sectional area of the supply lines to 2/3 or to the half. In the case of using
different nominal supply voltages of the power sources it is possible to transform the supply

voltage to the other supply voltage by a DC/DC voltage transformer which can also be a bi-
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directional DC/DC transformer. When using a bi-directional DC/DC transformer, one of the two
circuits can be prioritised so that a larger percentage of the supply power is supplied by this circuit.
Any failure of one of the circuits can be brought to the attention of the driver by suitable acoustic
or optical signal means. Also redundant control lines for controlling the operation of the electro-

motoric brake device can be used.

US 2016/0072723 A1 discloses an electric drive unit including a motor having a stator with a
winding wound around the stator and a rotor and a power converting device comprising a circuit
for supplying electric power to the motor. The power converting device includes two power
converting sections separated by a separating protrusion or wall. The power converting sections
include semiconductor devices as MOSFETSs used for converting a DC power input from a power

source to three-phase AC power used for driving the different phases of the motor.

US 2004/0212250 A1 describes the problem that also in a redundant electric brake system
problems might arise when an abnormality develops in a relay unit used for switching between
the power supply from a main accumulator and an auxiliary accumulator. US 2004/0212250 A1
suggests an electric brake system with a plurality of power sources and a power breaker capable
of insulating and separating a plurality of brake actuators into two separate brake system parts.
Therefore, even when an abnormality develops, the brake system part wherein the abnormality
occurs can be separated and the other brake system part can still be operated under use of the
associated power source. For one embodiment proposed in US 2004/0212250 A1, the brake
system includes a cut-off switch for dividing a power source line into a first power source line and
a second power source line. A first and second voltage detection circuit detects a voltage in the
associated power source line. The second power source line supplies driving power to the first
voltage detection circuit, and the first power source line supplies driving power to the second
voltage detection circuit. Even when an abnormality develops in the power source line, the cut-
off switch cuts off the power source line. Then, the driving power is supplied from the power
source line on the normal side to the voltage detection circuit that detects the voltage of the power
source line on the abnormal side. Consequently, voltage detection can be continued. The cut-off
state can be released as soon as an abnormality is eliminated. Furthermore, it is possible that a
power breaker also includes a switch that is fused by thermal energy. Even when the cut-off switch
does not operate as expected, the switch that is fused by thermal energy will be able to cut off
the power source line. US 2004/0212250 A1 also suggests to use different power breakers having

different current values as a power cut-off condition.
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OBJECT OF THE INVENTION

It is the object of the present invention to provide an electric brake system wherein the control
and/or power supply is improved in particular with respect to the operational safety, the
consumption of electric power, the constructional requirements and the integration into the vehicle

power system.

SOLUTION

According to the present invention, the object of the invention is solved by the features of the
independent claim. Additional preferred embodiments according to the invention are to be seen

in the dependent claims.

DESCRIPTION OF THE INVENTION

The invention proposes an electric brake system for a vehicle. The electric brake system
comprises (at least) one electric brake device wherein a brake force is generated by an electric
brake actuator generally of any known type. The electric brake system comprises (at least) two

electric power sources, namely a capacitor-based power source and a recharging power source.

The capacitor-based power source is a power source formed by a capacitor or at least comprising
a capacitor. The capacitor-based power source supplies electric power to the electric brake
actuator. The recharging power source might also be a capacitor-based power source or a power
source of any different type. To mention only one non-limiting example, the recharging power
source might be a chemical electric power source as a battery or an accumulator. The capacitor-
based power source and the recharging power source might differ in their type, construction, their
capacity, their dynamical behaviour. Preferably, the capacitor-based power source is a power
source acting faster than the recharging power source which means that when connecting the
different power sources to a consumer as the electric brake device by the capacitor-based power
source a current is supplied with a steeper increase of the current or a certain amount of electric

energy can be supplied in a shorter time interval.
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It has been shown that the inventive use of a capacitor-based electric power source leads to a lot
of alternative or cumulative advantages. Only a part of possible advantages is mentioned as

follows:

- For a power source comprising at least a capacitor, the power source is rechargeable with
improved recharging characteristics, e. g. at least reduced hysteresis.

- A capacitor-based power source might be able to provide electric energy with a faster (i.e.
higher power) characteristic than a traditional chemical electric power source.

- For a power source comprising a capacitor it might be very simple to monitor the charging
level of the power source.

- A capacitor-based power source might be advantageous over a chemical electric power

source with respect to the costs and the operational safety.

The inventive electric brake system furthermore comprises at least one control device. The control
device comprises control logic for controlling the flow of electric energy between the recharging
power source and the capacitor-based power source. For this purpose, the control device might
directly be integrated into the connection between the recharging power source and the capacitor-
based power source or might control another electric device arranged in the connection between
these power sources. According to the invention, it is possible that (in a very dynamic and fast
fashion) the electric brake device is supplied with electric energy from the capacitor-based power
source so that the above mentioned advantages of the use of a capacitor for the electric power
source can be used. However, it has been shown that solely on the basis of a capacitor it will not
be possible to operate an electric brake system under the given safety regulations. Instead,
according to the invention also the recharging power source, in particular a chemical electric
power source, is used in combination with the capacitor-based power source. When unloading
the capacitor-based power source (also within a short time interval or during a lot of subsequent
brake actions within a short time interval) it is possible to recharge the capacitor-based power
source from the recharging power source. The recharging power source might have a slow acting
charging behaviour so that it is possible to recharge the recharging power source during a long-
term operation of the vehicle or to recharge the recharging power source in a loading station of a
purely electrically driven vehicle or a hybrid vehicle. According to the invention, it is possible to
use the different advantages on the one hand side of a capacitor-based power source and on the

other hand side of a recharging power source as a chemical electric power source in combination.
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According to the invention the electric brake system comprises a brake actuation mode wherein
the electric brake device is controlled such that a desired brake force is generated, an increasing
brake force is generated and/or a previously generated brake force is upheld. The brake actuation
mode comprises a holding sub-mode wherein a previously generated brake force of the electric
brake device is kept constant and a brake force control sub-mode wherein the brake force is

controlled on the basis of the actual brake force demand.

It is generally possible that the recharging power source, the capacitor-based power source and
the electric brake device are only connected in line or series (in the afore mentioned order) so
that there is no connection between the recharging power source and the electric brake device
without interposition of the capacitor-based power source. For another proposal of the invention,
the recharging power source can be directly connected to the electric brake device which is in
particular not always the case but only the case in extraordinary operational states as e. gin a
failure mode. For this direct connection the recharging power source might be connected in
parallel to the capacitor-based power source to the electric brake device. There might be a
switching component in the parallel line for activating and deactivating this direct connection
between the recharging power source and the electric brake device. For another embodiment
there is a bypass line which can be selectively activated and which bypasses the capacitor-based

power source for directly connecting the recharging power source to the electric brake device.

For another embodiment of the invention, the electric brake system comprises a monitoring
device. The monitoring device monitors the charging level of the capacitor-based power source.
There are a lot of different methods for monitoring the charging levels that might be used within
the frame of the invention and might be integrated into a logic of the monitoring device. It is e.g.
possible that the monitoring device monitors an electric property of the capacitor-based power
source. For example, the monitoring device might monitor the voltage at the different plates of the
capacitor of the capacitor-based power source. From a given characteristic for the energy
charging level as a function of the voltage of the capacitor (said characteristic can be stored in
the monitoring device), the monitoring device is able to determine the charging level from the
monitored voltage. For an alternative or cumulative embodiment, the charging level of the
capacitor-based power source is monitored by monitoring the flow of electric energy from the
capacitor-based power source to the electric brake device and/or by monitoring the flow of electric
energy from the recharging power source to the capacitor-based power source. The physical

basis of this type of monitoring will be explained on the basis of the following non-limiting example:
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The capacitor-based power source might have an energy storage capacity that is equal to the
capacitor value C,. of the capacitor-based power source. By measuring the current in/out of the
capacitor-based power source the status of the energy reservoir is easily monitored. The main
items to measure is the energy input/output, the stored energy level, the energy storage capacity.
This is easily monitored by measuring the voltage of the capacitor-based power source V,. and
the current from and to the capacitor-based power source i,,.. The transferred energy in/out of
the capacitor-based power source is i, - V,.. The storage capacity and capacitor value of the

capacitor-based power source is

t1 .
fm lycdt

Vier=Vuco

Cyc =

where

- V.o is the voltage of the capacitor-based power source at time ¢,

- V.1 is the voltage of the capacitor-based power source at time t; and

- fttl i,-dt is the integration of the current from ¢, to ¢;.

o

The energy storage level is equal to

On the basis of the charging level determined by the monitoring device the control logic might
take the required measures. For example, a warning might be given to the driver when falling
below a low charging level. Furthermore, on the basis of the charging level the flow of energy for
recharging between the recharging power source and the capacitor-based power source can be
controlled for increasing the charging level of the capacitor-based power source. It is also possible
that for a detected lower charging level additional consumers that are not related to the safety
and to the braking are deactivated by the control logic. Furthermore, it is possible that for a smaller
charging level the brake actuation of the electric brake device is adapted. In the worst case for
detecting a charging level below a lower threshold, an emergency brake actuation might be
triggered for stopping the vehicle to standstill. This emergency brake actuation might be caused

by the electric brake device or a different brake device as e.g. a parking brake.
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For another embodiment of the invention (cp. claim 2), control logic is provided which initiates a
supply of electric power from the recharging power source to the electric brake device. This supply
of electric power might be initiated when at the same time interrupting the supply of electric power
from the capacitor-based power source to the electric brake device. The recharging power source
might supply electric power directly to the electric brake device or under interposition of further
electric components as e.g. a brake control device. The supply of electric power from the
recharging power source to the electric brake device is initiated in the following (alternative or

cumulative) operational states:

- The supply might be initiated when detecting a failure of the capacitor of the capacitor-
based power source which might e. g. be detected on the basis of a fast decrease of the
charging level of the capacitor-based power source, high currents between the capacitor
plates and/or on the basis of an inappropriate recharging behaviour of the capacitor-based
power source.

- It is also possible that the supply of electric power from the recharging power source to
the electric brake device is initiated when detecting a critical extent of brake actuations
per time interval.

- It is also possible that the supply is initiated when detecting a low energy level of the
capacitor-based power source and/or a critical changing rate of the energy level of the

capacitor-based power source.

It is generally possible that the capacitor-based power source, the recharging power source
and/or the electric brake device work on the same voltage level. For one embodiment of the
invention, a voltage converting device is interposed between the recharging power source and
the capacitor-based power source, between the capacitor-based power source and the at least
one electric brake device and/or a connection of the recharging power source and the at least
one electric brake device (wherein it is possible that this connection is parallel to the supply by
the capacitor-based power source or bypasses the capacitor-based power source). For an
embodiment of this type, it is e.g. possible to use a capacitor-based power source having a
nominal voltage of 24 V or 48 V whereas the recharging power source comprises a nominal
voltage of more than 300 V (in particular 380 V or 570 V). Here, the voltage converting device
(which might be any voltage converting device of a known type) is used for converting the voltage

from one power source to the other.
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As electric lines for transmitting electric power any lines, cable bundles, bus systems and the like
can be used. For one embodiment of the invention, electric lines between the recharging power
source and the capacitor-based power source have a lower performance than electric lines
between the capacitor-based power source and the electric brake device. Here, "lower
performance” might have the meaning that the electric line has a higher resistance, a smaller
percentage of copper in the conducting material or the like. This embodiment bases on the
observation that electric lines having a higher performance (in particular a higher percentage of
copper) have a higher price. The invention bases on the finding that for the "slow-acting” (i. e.
lower power) recharging power source and its connection to the capacitor-based power source it
is sufficient to use electric lines having a lower performance. Instead, the need of the capacitor-
based power source to provide electric energy in a faster way with steep changes of the currents
requires electric lines with a higher performance (in particular a higher percentage of copper in
the conducting material) for the connections between the capacitor-based power source and the

electric brake device.

The invention also proposes that control logic is provided for controlling the flow of energy from
the recharging power source to the capacitor-based power source dependent on a monitored
charging level of the capacitor-based power source (cp. claim 3). To mention only one non-
limiting example, the control logic might increase the flow of energy when detecting a lower
charging level of the capacitor-based power source for more rapidly recharging the capacitor-
based power source. Furthermore, the control logic might also control the flow of energy by
limiting the current between the recharging power source and the capacitor-based power source.

Here, there might be a cut-off of the current when reaching a threshold of the current.

It is possible that energy only flows in one way from the capacitor-based power source to the
electric brake device. For another embodiment of the invention (cp. claim 4), control logic is
provided for returning electric energy to the capacitor-based power source for recharging the
capacitor-based power source. Here, the returned electric energy is energy that has been
recovered by the electric brake device during a brake release. Accordingly, for this embodiment
the electric brake system comprises an electric brake device or electric brake actuator which can
be operated in an actuation mode and a recovery mode. Here, the electric brake device or any
control logic is able to switch the electric brake system between an actuation mode and a recovery

mode (and vice versa).
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Generally, within the electric brake system also any electric brake device might be used wherein
the operational state of the electric brake device, of the electric brake actuator and the caused
brake application is proportional or depends according to a given characteristic from the
energisation of the electric brake device or electric brake actuator. In general, here a higher brake
application requires a higher energisation of the brake actuator. Accordingly, here also a constant
(high) brake application requires a (constant, high) energisation of the brake actuator. For another
embodiment of the invention, an electric brake device is used which can be operated in a low
energy mode. In the low energy mode, the brake application is held constant. The low energy
mode might e.g. be provided by switching the electric brake device from the normal, energisation-
based mode for changing the brake actuation to the low energy, brake holding mode wherein the
brake actuator is not energised proportional or corresponding to the characteristic for holding the
brake application. Instead, a locking, fixing or holding device is actuated which under the
consumption of a low energy level holds the previously achieved brake application at a constant
level. In the case that a change of the brake application is required, the low energy mode and the
holding or fixation mode is terminated and the control logic switches back to the normal operation

of the electric brake device wherein the brake application depends on the level of energisation.

According to another proposal of the invention (cp. claim 5), control logic is provided which
switches the electric brake device between a brake actuation mode and a recovery mode (and
vice versa). In the brake actuation mode the electric brake device is controlled such that a desired
brake force is generated or an increasing brake force is generated. Accordingly, in the brake
actuation mode the electric brake device is used in a kind of "driving mode" for causing an actuator
force for generating or increasing the brake force. Instead, in the recovery mode during a release
of the electric brake device energy is recovered by the electric brake device. The recovered
energy is then returned to the capacitor-based power source for recharging the capacitor-based
power source. For the switching from the brake actuation mode to the recovery mode, different

switching strategies can be used:

Itis e.g. possible that for any partial release of the brake (e.g. due to the changing application of
a brake pedal by the driver or a change of the brake actuation by a control unit or also for a brake
force modulation) the recovery mode is activated as long as the brake application decreases.
Howevers, it is also possible that the recovery mode is only activated when (starting from the partial
or full brake application) the brake demand is completely removed (e.g. by completely lifting the

brake pedal or by a complete release signal from a brake control unit).
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Following this embodiment, the invention also proposes that the afore mentioned brake actuation
mode comprises two different sub-modes (cp. ¢claim 6): In a holding sub-mode a previously
generated brake force of the electric brake device is kept constant. This can be provided at a low
energy mode by locking, fixing or holding the position of the brake actuator. Instead, in a brake
force control sub-mode the brake force is controlled on the basis of the actual brake force demand
for increasing or decreasing the brake force. Here, the actual brake force demand might be given

by the driver, by a brake force modulator or an automatic brake control.

In the holding sub-mode the energisation of the holding device is preferably independent on the
held brake application level and chosen to be sufficient for locking, fixing or holding the position
of the brake actuator. Instead, in the brake force control sub-mode the brake force depends on
the energisation level of the brake actuator which again depends on the actual brake force

demand.

There are a lot of options for dimensioning the capacity of the capacitor-based power source. For
one embodiment of the invention (cp. claim 7), the capacity of the capacitor of the capacitor-
based power source is dimensioned such that (in particular without any intermediate recharging
from the recharging power source) after eight full-stroke applications of the electric brake device
the charging level of the capacitor is not less than the charging level required to obtain a
predefined security braking performance on a ninth brake application. This embodiment on the
one hand transfers the requirements from the legislation ECE R13 from pneumatic brake systems
to electric brake systems. On the other hand, according to this embodiment the energy required
for the first eight full-stroke applications and the ninth security brake application is not provided
by both the capacitor-based power source and the recharging power source but solely by the
capacitor-based power source. To mention only one non-limiting example, the full-stroke
application might be an application of the electric brake device which leads to a deceleration of
the vehicle with at least 5 m/s2, whereas for the predefined security braking performance on a
ninth brake application the required deceleration is larger than 2.2 m/s® or 2.5 m/s2. Here, the
capacitor can be dimensioned for eight/nine brake applications for the vehicle being fully loaded.
For an alternative or cumulative embodiment it is possible that the nominal loading and/or
reloading energy or power level of the capacitor-based power source depends on the load of the

vehicle so that the nominal energy or power level is higher for higher loads.
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Within the frame of the invention, a capacitor of any type might be used for the capacitor-based
power source, in particular a so-called super-capacitor or ultra-capacitor. Here, the capacitor
might be formed by a single couple of capacitor plates. However, for another embodiment of the
invention, the capacitor is a package of a plurality of single sub-capacitors. To mention only one
non-limiting example, the sub-capacitors might be capacitors of the type distributed under the
label "Maxwell BCAP 0310" having a voltage per cell of 2.7 V, 309.96 Farad per cell, an energy
of 1129.804 J per cell, an energy of 0.313835 Wh per cell and a weight per cell of 60 g. Here, at

least 18 cells of the afore mentioned type can be used as sub-capacitors of the capacitor.

Furthermore, it is possible that control logic for controlling the flow of electric energy between the
capacitor-based power source and the recharging power source considers a recoverable energy
level stored in the applied electric brake device (cp. claim 8). This embodiment bases on the
observation that when using an electric brake device with a recovery mode the only consideration
of the charging level of the capacitor-based power source contains an error: if e. g. the control
only considers the charging level of the capacitor-based power source and the charging level of
the capacitor-based power source is below the desired charging level the control might permit a
flow of electric energy from the recharging power source to the capacitor-based power source.
However, at the same time energy might be recovered from the electric brake device and returned
to the capacitor-based power source. In the end this recharging of the capacitor-based power
source from two sides might lead to an energy level of the capacitor being higher than the desired

or nominal energy level.

For one embodiment, the control logic terminates the supply of power from the recharging power
source to the capacitor-based power source if the sum of the charging level of the capacitor-
based power source and the recoverable energy level stored in the applied electric brake device

equals or exceeds the desired charging level or nominal energy level.

The capacitor-based power source might be used for powering any number and type of vehicle
axle units and/or electric brake device of the same or different vehicle axle units. According to
claim 9 the invention further proposes an electric brake system wherein for a first variant the
capacitor-based power source supplies power to two electric brake devices located at different
vehicle sides of the same vehicle axle unit. For another variant, two capacitor-based power

sources supply power to four electric brake devices of a double axle or twin axle. Here, the
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different capacitor-based power sources might each power two electric brake devices located at

the same vehicle sides or at different vehicle sides.

For another embodiment of the invention (cp. claim 10), two capacitor-based power sources are
provided. Each of the two capacitor-based power sources is associated to at least one electric
brake device of a respective vehicle axle unit. The electric brake system of this type can then be

operated in two different modes:

- In a normal operational mode, the two capacitor-based power sources are each connected
with at least one electric brake device of the respective vehicle axle unit but at the same
time separated from the electric brake device(s) of the other vehicle axle unit.

- Instead, in a failure mode at least one of the two capacitor-based power sources is
connected to electric brake devices of both vehicle axle units. For this embodiment, it is
possible that e.g. for a short-circuit in one of the capacitor-based power sources the other
capacitor-based power source is able to take over the power the supply of the electric

brake devices previously powered by the failed capacitor-based power source.

For another embodiment of the invention, control logic is provided for switching the operational
mode between a normal mode, a dynamic mode and/or a residual mode (wherein the invention
also covers embodiments wherein there is only a switching between two of the afore mentioned

modes).

- In the normal mode there is a normal brake actuation and/or a normal loading process for
loading the capacitor-based power source from the recharging power source. The
reloading current from the recharging power source(s) will be increased for lower energy
levels in the capacitor-based power source. Here, the reloading current might depend
upon the energy level in the capacitor-based power source (and the recoverable energy
in the brake actuator) according to icharge = f(Eactuator, Vue) according to any functional or
empirical function f.

- In the dynamic mode the brake system is required to act faster which leads to a higher
consumption of power than in the normal mode. The control logic might switch from the
normal mode to the dynamic mode in particular in the case of detecting of a likelihood of
a required emergency brake actuation requiring a fast brake actuation. Furthermore, the

dynamic mode might also be required if a high-frequent brake force modulation is required
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which might be the case for a limited available wheel-road frictional force due to low-friction
road, ice or snow.

- In the residual mode there is no or very limited reloading energy available. In order to
guarantee the requirements for a remaining number of brake applications and for saving
energy of the remaining capacitor-based power source, a holding device is actuated in

order to hold a previously achieved brake force.

There are a lot of options for the type of recharging power source used. For one embodiment of
an electric brake system the recharging power source might be a battery (which might be the
battery of the truck or bus), a fuel cell or an external main electric power supply line which might
be the power supply line of a tram. There are also a lot of different options for supplying electric
power to the capacitor-based power source and/or the recharging power source for reloading the

same.

For one embodiment electric power is supplied to the capacitor-based power source and/or the
recharging power source by at least one generator (which might e. g. be a retarder, a hub

generator and the like).

As mentioned above, the capacitor-based power source might be directly connected or connected
under interposition of further electric components and control devices to at least one brake
actuator or the electric brake device. For the embodiment of claim 11, the capacitor-based power
source is connected via an energy control device and a brake control device to at least one brake
actuator or at least one electric brake device. Here, the energy control device might be used for
controlling the energy flow and for guaranteeing that the energy flow is sufficient for providing the
vehicle safety. Instead, the brake control device controls the energisation of the brake actuator

and/or a locking device of the brake actuator for defining the brake force.

The afore mentioned electric components might be singular components connected to each other
by electric lines or bus systems or might be grouped together to one or a plurality of single
modules or sub-modules flanged to each other. For the electric brake system of claim 12, the
capacitor-based power source and a voltage converting device, an energy control device, a
system control device and/or the control device are combined into a module. This module serves

for controlling at least one electric brake device associated therewith.
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Any such module might be located at any position of the vehicle. For the embodiment of claim
13, the module is mounted to a wheel axle unit which comprises the (at least one) associated
electric brake device. For a variant the module is integrated into a wheel axle unit. For this
embodiment, the module might be mounted to an axle housing or might be integrated into the
axle housing. For another proposal of the invention, the module is mounted to a chassis of the
vehicle. Here, the location where the module is mounted to the chassis is close to the wheel axle
unit which comprises the associated (at least one) electric brake device. Accordingly, the distance
of the module from the electric brake device is kept very small so that also electric lines for
energising the electric brake actuator are kept very short resulting in good dynamics for the brake

actuation and reduced costs for the electric lines.

Generally, it is sufficient to use single control devices for one, a plurality or all of the above
mentioned control functions. However, it is also possible that two redundant control devices are
used for this purpose. In the case of a failure of one of the redundant control devices, the other
remaining control device is able to fulfil the required functions of the failed control device. For a
particular embodiment of the invention, the two redundant control devices are integrated into the

module.

The present invention also covers embodiments where different control devices are used in
parallel for controlling the brake application of different brake actuators. For one embodiment of
an electric brake system, electric brake devices of an axle are controlled by a control device which
cooperates in a master-slave-interaction with a control device which controls the brake application

of brake actuators of another wheel axle unit.

For another inventive electric brake system, there are two capacitor-based power sources and/or
a first control circuit and a second control circuit (cp. claim 14). The capacitor-based power
sources and/or the control circuits are each connectable to the electric brake actuator (or also a
plurality of electric brake actuators) for providing a redundant electric power supply and/or a
redundant control. A voltage converting device is used in the electric brake system. Here, any

generally known voltage converting device might be used, in particular a DC/DC converter.

Within the frame of the present invention the voltage converting device can be used for different

purposes:
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For one embodiment the voltage converting device connects one of the capacitor-based power
sources to the recharging power source which might be a main vehicle power source, e. g. a
vehicle accumulator and/or a vehicle generator. Here, the voltage converting device serves for
adapting the voltage supplied by the recharging power source to the capacitor-based power
source according to the needs. To mention only one non-limiting example, the vehicle power
source might be a power source with a voltage of more than 300 V as in particular used for a
commercial vehicle or a bus solely driven by electric power. For this example it is possible to
convert the voltage of the vehicle power source by the voltage converting device to a voltage of
e.g. 24 V and/or 48 V which in this case is the nominal voltage of the at least one capacitor-based

power source of the electric brake system.

For another variant of the invention the voltage converting device connects one of the capacitor-
based power sources to another capacitor-based power source. In this case one of the capacitor-
based power sources might be directly powered by the vehicle power source without any voltage
conversion. The other capacitor-based power source (having a different nominal voltage) can
then be powered by the first mentioned capacitor-based power source via the voltage converting
device. However, for this variant of the invention also an embodiment is covered wherein the
vehicle power source is connected to one of the capacitor-based power sources via a voltage
converting device, whereas also this capacitor-based power source is connected to the other

capacitor-based power source via an additional voltage converting device.

It is possible that in the electric brake system the two capacitor-based power sources have the
same nominal voltages. However, for a preferred embodiment of the invention one of the
capacitor-based power sources has a lower nominal voltage than the other capacitor-based
power source. To mention a non-limiting example, one capacitor-based power source might have
a nominal voltage of 48 V or 24 V whereas the other capacitor-based power source might have a
nominal voltage of more than 300 V. The different nominal voltages might serve for different
purposes. It is e.g. possible that the capacitor-based power source having the higher nominal
voltage is used during normal operation of the electric brake system whereas the capacitor-based
power source having the lower nominal voltage is only used in the case of a power-failure of the
other capacitor-based power source (or vice versa). Here, the capacitor-based power source

having the lower nominal voltage can then be used with a degraded function which might be
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- a blocking of the vehicle wheel(s) with or without antiskid function during a driving mode
or

- a blocking of the wheel(s) in a parking situation and the like.

It is possible that in the electric brake system the electric brake actuator generates an actuating
force which is directly or indirectly transferred to the brake element, in particular the brake pad,
so that the brake force at the brake element corresponds to or is proportional or dependent by
any dependency on the actuating force of the brake actuator. Here, a transmission or brake lever
can be interposed between the electric brake actuator and the brake element as the brake pad.
However it has beenshown that for some embodiments it can be advantageous to use a
mechanical self-enforcing mechanism in the electric brake device (cp. e.g. EP 1 977 134 B1 or
US 2013/0008749 A1 disclosing a mechanical self-enforcing mechanism using ramps or other
self-enforcing mechanism used for brake devices according to the prior art). These self-enforcing
mechanisms can be used for generating large brake forces with small actuating forces and/or for
creating a nonlinear force transfer characteristic between the actuating force and the brake force

created by the brake element.

For the embodiment of the electric brake system a "conventional" electric brake device can be
used. The electric brake device comprises a plunger which is mechanically connected to a brake
element as a brake pad for biasing the brake element. For this embodiment a transmission unit
comprising a rotating brake lever is interposed between the electric brake actuator and the
plunger. Here, the rotating brake lever can be used for redirecting the actuating force to the force
biasing the plunger and/or for increasing or decreasing the force or modifying the force transfer

characteristic between the electric brake actuator to the plunger as desired.

Generally, within the present invention any type of capacitor-based power source can be used.
For one embodiment, at least one of the capacitor-based power sources is a power source named
"ultra capacitor” in the market (cp. also the patent applications and patents including "ultra
capacitor” or "ultra-capacitor" in the title). The use of an ultra capacitor as a capacitor-based
power source leads to a power supply with reduced requirements for maintenance and/or
exchange, decreased costs and/or increased safety. The invention covers embodiments wherein
a capacitor-based power source is solely formed by a capacitor, whereas for different

embodiments also covered by the invention the capacitor-based power source comprises both a
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capacitor and an accumulator integrated into a circuit for providing the power to the electric brake

actuator.

Within the frame of the invention, it is also possible that the electric brake actuator comprises
windings which are biased by both capacitor-based power sources. However, according to claim
15 the invention also suggests to use an electric brake actuator having first and second windings.
When using a first capacitor-based power source (in particular during normal operating states),
the first capacitor-based power source supplies the first windings of the electric brake actuator
via a first electric control circuit with electric power. If there is an abnormality of the supply of the
first windings from the first capacitor-based power source, the second capacitor-based power
source or the recharging power source is activated. In this case, the second capacitor-based
power source or the recharging power source supplies the second windings of the electric brake
actuator (via the first power supply circuit or a different, second power supply circuit) with power.
Here, the different windings can be dimensioned specifically for the different operating conditions,
namely the first windings for the normal operating states and the second windings for the
abnormal operating states, e.g. for an emergency brake actuation, a parking of the vehicle and
the like. The connection of the electric brake actuator to the different capacitor-based power
sources or the recharging power source in the afore mentioned different operating states via two
different power supply circuits is in particular used in connection with capacitor-based power

sources and/or the recharging power source having different nominal voltages.

The invention covers electric brake systems wherein different windings of the electric brake
actuator are not used together in one and the same operating states so that the different windings
are used as alternatives. However, according one embodiment of the invention the electric brake
system comprises at least one control unit. The at least one control unit comprises control logic
for controlling at least one control circuit for activating a so-called "burst mode". In a "burst mode”
the different windings of the electric brake actuator are energised at the same time so that the
effects and the forces generated by these windings sum up. Here, it is possible that the two
windings are powered by one and the same capacitor-based power source (via one single control
circuit or two separate control circuits and/or power supply circuits) or that the windings are
powered by different capacitor-based power sources (and associated control circuits and/or

power supply circuits).
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For an embodiment of the invention according to claim 16, also consumers which do not have an
impact on the brake function are supplied with electric power by one of the capacitor-based power
sources of the electric brake system. The invention suggests that the electric brake system
comprises a control unit having control logic for deactivating these consumers. Here, the control
logic is designed such that the consumers are deactivated dependent on the energy loading level
of the capacitor-based power sources. If for example an energy loading level of a capacitor-based
power source falls temporarily or for a given time span below a threshold, the consumers are
deactivated in order to guarantee that the remaining energy level of the capacitor-based power
source is sufficient for providing the required brake performance at least for a minimum number
of brake actuations, for an emergency brake actuation or for a parking brake actuation. Said in
different words, on the basis of this embodiment for a low energy level it is possible to give a
higher priority to the components involved with the provision of the brake function than the

consumers not involved with the brake function.

Generally, it is possible that the mentioned power sources of the electric brake system are
independent on a power source of the commercial vehicle (e.g. a vehicle accumulator used for
driving the electric motor of the vehicle and/or a generator of the vehicle). However, according to
one embodiment the invention also suggests that the recharging power sources is a vehicle
accumulator which is used for supplying power to a drive aggregate of the vehicle. In this way it

is possible to reduce the number of power sources required in the vehicle.

According to claim 17 the first capacitor-based power source is (solely) used in normal operating
states. Here, the first capacitor-based power source is connected to two separate electric brake
actuators by two parallel power supply lines. In this case, an optional voltage converter and a
control unit are integrated into each of the two parallel power supply lines. The second capacitor-
based power source is used (only) in the case of an abnormality in the first power supply circuit.
Here, the second capacitor-based power source is connected to the control units which are
integrated into the two parallel power supply lines for the first capacitor-based power source and
to the two separate electric brake actuators. Here, the connections between the second capacitor-
based power source and the control units might be direct connections, connections with an
integrated diode and/or connections which do not comprise any voltage converter. It is possible
that for this embodiment for the supply of power from the first capacitor-based power source in
normal operating states and from the second capacitor-based power source in the case of an

abnormality the same power supply lines from the control units to the brake actuators are used.
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It is possible that a module is used in the electric brake system. Here, the module might be formed
with a single housing or with a number of submodules flanged with each other, wherein
mechanical connections and/or electric connections in particular for transferring control signals
and for an energy transfer are formed by flanges of the submodules. It is possible that the electric

connections are automatically connected by the assembly of the submodules.

According to claim 18 the module includes the following (cumulative or alternative) components:

a) The module might contain one of the afore mentioned electric capacitor-based power

sources (or also two capacitor-based power sources).

b) The module might comprise at least one control unit.

c) The module might comprise at least one voltage converting device.

d) The module might comprise at least one outlet port.

e) Furthermore, it is possible that the module comprises at least one inlet port for a brake

signal from a service brake actuation unit (e. g. a brake pedal) and/or a parking brake
actuation unit (e. g. a hand brake actuation unit), a power supply from a power source of
the vehicle (namely the vehicle accumulator and/or generator), a control signal for a first
brake actuator and/or a second brake actuator and/or a power supply for the first brake

actuator and/or the second brake actuator.

A module formed in this way contains the required components and forms a semi part of the
electric brake system. A semi part can be stored by the customer in an efficient way, can be
provided by the manufacturer at reduced cost and provides an assembly with decreased

assembly effort.

Advantageous developments of the invention result from the claims, the description and the
drawings. The advantages of features and of combinations of a plurality of features mentioned at
the beginning of the description only serve as examples and may be used alternatively or
cumulatively without the necessity of embodiments according to the invention having to obtain
these advantages. Without changing the scope of protection as defined by the enclosed claims,
the following applies with respect to the disclosure of the original application and the patent:
further features may be taken from the drawings, in particular from the illustrated designs and the
dimensions of a plurality of components with respect to one another as well as from their relative

arrangement and their operative connection. The combination of features of different
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embodiments of the invention or of features of different claims independent of the chosen
references of the claims is also possible, and it is motivated herewith. This also relates to features
which are illustrated in separate drawings, or which are mentioned when describing them. These
features may also be combined with features of different claims. Furthermore, it is possible that

further embodiments of the invention do not have the features mentioned in the claims.

The number of the features mentioned in the claims and in the description is to be understood to
cover this exact number and a greater number than the mentioned number without having to
explicitly use the adverb "at least". For example, if an electric brake device, an electric brake

actuator or a control unit is mentioned, this is to be understood such that

- there is exactly one electric brake device, electric brake actuator or control unit or

- there are two or more electric brake devices, electric brake actuators or control units.

Additional features may be added to these features, or these features may be the only features

of the respective product.

The reference signs contained in the claims are not limiting the extent of the matter protected by

the claims. Their sole function is to make the claims easier to understand.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention is further explained and described with respect to preferred

exemplary embodiments illustrated in the drawings.

Figs. 1to 3 show different schematic diagrams of an electric brake system of a vehicle.

Figs. 4 and 5 are schematic drawings showing different principles for the design of a stator of an

electric brake actuator.

Figs. 6 to 15 show further schematic diagrams of an electric brake system of a vehicle.

Fig. 16 shows schematic characteristics for recharging and unloading of a capacitor and

a chemical power source as a battery or an accumulator.
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DESCRIPTION OF THE DRAWINGS

In the figures the same reference numerals have been used for components having the same or
comparable functions and/or designs. If in one embodiment the same components are used a
number of times, these components are labelled with the same reference numerals and additional
distinguishing letters a, b, c, ... or A, B. The use of a reference numeral without a distinguishing
letter a, b, ¢, ... or A, B in the following specification might refer to all of the components with this
reference numeral or only to one single component or any number of these components. If for
one embodiment the same components or groups of components are used a number of times, in
some cases only one of these components or groups of components will be described. However,

in this case the corresponding applies to the other components or groups of components.

Fig. 1 shows an electric brake system 1. The electric brake system 1 comprises four brake
devices 2a-2d. The brake devices 2a - 2d each comprise a brake actuator 3a-3d. The brake
actuators 3a-3d generate an actuating force which is transferred by a suitable transmission and/or
self-enforcing mechanism to a brake element 4a-4d such as a brake pad for pressing the brake
element towards another brake element as a brake disc which rotates with the vehicle wheel. The
brake devices 2a-2d each comprise a control unit 5a-5d and a sensor 6a-6d sensing the bias of
the brake device 2a-2d. It is possible that the sensor 6 senses a displacement of the brake pad
towards the brake disc or an actuating force of the brake device 2a-2d or the brake actuator 3a-
3d.

The brake devices 2a-2d form different groups 7A, 7B. Here, the different brake devices 2a, 2b
[or 2¢, 2d] of group 7A [or group 7B] might e.g. be associated with

- the wheels on each side of an axle of the vehicle,
- wheels on the same vehicle side or
- one single brake with the brake devices 2a, 2b [or 2¢, 2d] cumulatively acting upon one

and the same brake disc.

The brake devices 2 of a group 7A, 7B are supplied with electric power by a power supply circuit
8A, 8B. In Fig. 1 power supply lines of the power supply circuits 8A, 8B are shown with solid lines.

Each of the power supply circuits 8A, 8B comprises a capacitor-based power source 9A, 9B.
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In the following, only one of the power supply circuits 8A will be described, whereas the same

applies to the other power supply circuit 8B:

The power supply circuit 8A comprises a capacitor-based power source 9A. The capacitor-based
power source 9A is connected to a control unit 10A by a supply line 11A. The control unit 10A
transfers the power delivered from the capacitor-based power source 9A via the supply line 11A
to a supply line 12A. At a branching point 13A the supply line 12A branches to two supply line
branches 14A, 15A. The supply line branches 14A, 15A are connected to a supply port of the
associated brake device 2a, 2b for a power supply of the same. The person with skill in the art
will understand that the supply lines 11, 12 and the supply line branches 14, 15 do not necessarily
form one single unidirectional line but might also form a bidirectional line or double-line for forming
a closed electric circuit. In the electric power supply circuit 8A the control unit 10A comprises
control logic for controlling the transmission of power from the capacitor-based power source 9A

with the option to control the current and/or voltage, to interrupt the power transfer and the like.

For the embodiment shown in Fig. 1 the control units 10A, 10B of the two power supply circuits
8A, 8B form a unit. Here it is possible that the control units 10A, 10B exchange operating data

and sensed data as well as their control strategy via a suitable interface.

Without this being shown in Fig. 1, as an option it is possible that the control unit 10A (at least in
some operational states) also supplies electric power to the other power supply circuit 8B and/or
the control unit 10B (at least in some operational states) also supplies electric power to the other

power supply circuit 8A.

Furthermore, the electric brake system 1 comprises control circuits 16A, 16B for the control of the
brake devices 2 of the different groups 7A, 7B. In the figures the control lines of the control circuits
16A, 16B are shown with dashed lines. The control circuits 16 will now be described for the control
circuit 16A for the brake devices 2a, 2b of group 7A. However, the same applies for the other

control circuit 16B:

A control signal is generated by the control unit 10A. The control signal is transmitted via a control
line 17A and a branching point 18A to control line branches 19A, 20A. The control line branches

19A, 20A are each connected to a control port of the associated brake device 2a, 2b.
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Without this being shown in Fig. 1, as an option it is possible that the control unit 10A (at least in
some operational states) also controls the control circuit 16B and/or the control unit 10B (at least

in some operational states) also controls the control circuit 16A.

Control unit 10A is furthermore connected by an actuating line 21A to a service brake actuation
unit 22. Furthermore, the control unit 10A is connected by an actuating line 23A to a parking brake
actuation unit 24. For the shown embodiment the service brake actuation unit 22 is a foot pedal
unit comprising two sensors converting the actuation and movement of a foot pedal to an
actuation signal transferred by the redundant actuation lines 21A, 21B to the control units 10A,
10B. The actuation of the parking brake actuation unit 24 leads to redundant actuation signals for
the actuating lines 23A, 23B. On the basis of the actuation signals received by the control units
10A, 10B upon actuation of the service brake actuation unit 22 and/or the parking brake actuation
unit 24 by the driver, the control units 10A, 10B control the power transmitted by the power supply
circuits 8A, 8B and also control the control signals in the control circuits 16A, 16B. The control
circuits 16A, 16B can at least partially be formed by a communication network as CAN or Flexray.
It is also possible that the power supply circuits 8A, 8B are integrated into the communication

network.

For the embodiment shown in Fig. 1 the capacitor-based power sources 9A, 9B have the same
nominal voltage, in particular 24 V. Furthermore, the brake devices 2a-2d are preferably formed
with a self-enforcing mechanism. The capacitor-based power sources 9A, 9B are recharged by
an external recharging power source (here not shown) which might be a vehicle accumulator, a
generator, a retarder, a hub generator, an electric motor used for driving the vehicle which can

be used in a recuperation mode and the like.

However, for a modified embodiment it is also possible that the accumulators 9A, 9B have
different nominal voltages. Here, for one embodiment the accumulator 9A has a nominal voltage
of 24 V, whereas the accumulator 9B has a voltage of 380 V or 570 V. Furthermore, the brake
devices 2a-2d do not necessarily comprise a self-reinforcing mechanism. Instead, the brake
actuator 3 may actuate the brake lever of a traditional brake device. Also two power supply circuits
8A, 8B and control circuits 16A, 16B can be used. Preferably, one electric power supply circuit
8A and the associated control circuit 16A are used during normal brake operation, whereas the
other power supply circuit 8B and the control circuit 16B are only used in the case of an

abnormality, a failure or an emergency. Preferably, the power supply circuit 8B and the control
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circuit 16B using the capacitor-based power source 9B with the higher nominal voltage is used

during the normal operation.

As explained before, it is also possible that both the power supply circuits 8A, 8B and the control
circuits 16A, 16B can each be used in a redundant fashion for supplying power from one of the
capacitor-based power sources 9A, 9B to the brake devices 2a-2d and for controlling the power
flow to the brake devices 2a-2d. In this case the control units 10A, 10B may each be connected
by supply lines 11, 12 and supply line branches 14, 15 to each of the brake devices 2a-2d. In a
corresponding way for this embodiment the control circuits 16A, 16B can each be connected by
the control line 17 and control line branches 19, 20 to each of the brake devices 2a-2d.
Accordingly, for this embodiment the control lines and supply lines differ from those shown in
Fig. 1.

An embodiment of this type requires that it is possible to drive each of the brake devices 2 with a
power supply by the capacitor-based power source 9A or with a power supply by the capacitor-

based power source 9B.

The handling of different nominal voltages of the capacitor-based power sources 9A, 9B for driving

the brake devices 2 can be provided in different ways:

a) It is possible that two different control circuits are used for driving the brake actuators 3 of
the brake devices 2. When switching the power supply from one capacitor-based power
source 9A to the other capacitor-based power source 9B, the control units 10A, 10B cause
a switch from one control circuit used for the provision of power by the capacitor-based
power source 9A to the use of a control circuit used for the supply of power from the
capacitor-based power source 9B. It is possible that the control circuits modify the
energisation of the brake actuator 3 in a way such that by the same control signals in the
control circuits 16A, 16B the same brake force is generated. However, it is also possible
that also the control strategy in the control circuits 16A, 16B is switched or depends on the
switching state of the two control circuits.

b) It is also possible that the redundant power supply circuits 8A, 8B and control circuits 16A,
16B cooperate with different windings 51, 52 of the brake actuator 3. Accordingly, when
using the first capacitor-based power source 9A, the first power supply circuit 8A and the

first control circuit 16A, the first windings 51 of the brake actuator 3 are used. When
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switching the power supply to the capacitor-based power source 9B, the power supply
circuit 8B and the control circuit 16B are used together with the other windings 52 of the
brake actuator 3. Here, the number of windings and the cross-sectional area of the
windings 51, 52 can be adapted to the different nominal supply voltages of the capacitor-
based power sources 9A, 9B.

c) It is also possible that the same windings of a brake actuator 3 are used with a power
supply from the capacitor-based power sources 9A, 9B with different nominal voltages
when converting the voltage of at least one of the capacitor-based power sources 9A, 9B
(upstream or downstream from the control units 10A, 10B) by a voltage converting unit as
a DC/DC converter.

Differing from the afore mentioned embodiments at least one of the power sources 9A, 9B might
also be formed by an existing accumulator of the vehicle. In particular, the power source 9B might
have the higher nominal voltage, in particular a voltage of more than 300 V, and might be an

accumulator used for powering a drive aggregate of the vehicle.

Fig. 2 shows an embodiment comprising two capacitor-based power source 9A, 9B having
different nominal voltages. Preferably, the capacitor-based power source 9A has a nominal
voltage of 24 V, whereas the capacitor-based power source 9B has a nominal voltage of more
than 300 V. The capacitor-based power source 9B forms the main brake power supply. The
capacitor-based power source 9B is preferably powered by the vehicle power system, in particular
a generator and/or a vehicle power source which forms a recharging power source (here not
shown). The capacitor-based power source 9B is connected by a voltage converting device 25
(in particular a DC/DC converter) to the capacitor-based power source 9A. Accordingly, it is
possible to load the power source 9A via the voltage converting device 25 by the power source
9B (and/or vice versa). For the powering of the electric brake system 1 during the normal
operating mode via two voltage converting devices 26, 27 (in particular DC/DC converters; having
each a nominal output voltage of 48 V) the power source 9B supplies the control units 10A, 10B
with electric power. Instead, in the case of an abnormality the control units 10A, 10B are powered
by the power source 9A, here via a diode 28, a branching point 29 and supply line branches 30,
31. If the power source 9A has a lower nominal voltage than the output voltage of the voltage
converting devices 26, 27, it is possible that during the abnormal operation of the electric brake
system 1 only a degraded function is provided. According to Fig. 2, the power supply circuits 8A,

8B each power all of the brake devices 2 by suitable supply lines and line branches between the
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control units 10a, 10b and the brake devices 2. Also in the control circuits 16A, 16B the control
units 10A, 10B are connected by control lines and control line branches to each of the brake

devices 2.

Fig. 3 shows an embodiment wherein the electric brake system 1 is powered by a recharging
power source 32 which might be the main vehicle supply, the generator of the vehicle or the
vehicle drive accumulator. The recharging power source 32 might have a nominal voltage of 24 V
or more than 300 V. Via a diode 28, a branching point 29, supply line branches 33, 34 with voltage
converting devices 35, 36 located therein, the recharging power source 32 powers the capacitor-
based power sources 9A, 9B. Preferably, the capacitor-based power sources 9A, 9B are powered
by a voltage of 48 V at the output of the voltage converting devices 35, 36. The capacitor-based
power sources 9A, 9B are ultra-capacitors 37, 38. The capacitor-based power sources 9A, 9B
are each connected to both of the control units 10A, 10B for a redundant power supply. The
control unit 10A comprises a first power supply circuit 8A for powering the group 7A of brake
devices 2a, 2b. The control unit 10B powers the power supply circuit 8B for powering the brake
devices 2c¢, 2d of the group 7B. The control unit 10A controls all of the brake devices 2a-2d via
the control circuit 16A, whereas the other control unit 10B controls all of the brake devices 2a-2d
via the other control circuit 16B. The capacitor-based power sources 9A, 9B are preferably used
for intermediate storage of energy from the recharging power source 32. The amount of energy
stored in the capacitor-based power sources 9A, 9B is preferably sufficient for a specified number
of full brake actions of the vehicle and/or for applying the brakes in a parking situation for a given

inclination of the road also in the case of a failure of the recharging power source 32.

For a preferred embodiment, a module 39 (see dashed schematic housing) contains some of the
components of the electric brake system 1. It is possible that the module 39 is mounted to the
axle unit or an axle housing or a vehicle frame close to the axle. For the embodiment shown in
Fig. 3, the module 39 includes the control unit 10A, the voltage converting device 35 and the
capacitor-based power source 9A. An identical module might include the control unit 10B, the
voltage converting device 36 and the capacitor-based power source 9B. The module 39
comprises an input port 40 for a brake actuation signal from the service brake actuation unit 22,
an input port 41 for a brake actuation signal from a parking brake actuation unit 24, output ports
42, 43, 44 for control signals of the control circuit 16A for the brake devices 2a-2d, an input port

45 for a connection via the supply line branch 33 and the diode 28 to the recharging power source
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32, an output port 46 for the power supply of the power supply circuit 8A and an output port 47

for a power supply for the control unit 10B.

Fig. 4 schematically shows a brake actuator 3 comprising a stator 48 and a rotor 49. The rotor 49
comprises permanent magnets. The stator 48 comprises windings 51, 52 for generating a rotating
magnetic field. Here, for the embodiment shown in Fig. 4 the rotor 49 comprises cores 50 evenly
distributed in circumferential direction. The cores 50 comprise electrically insulated windings 51,
52 (in Fig. 4 for simplification purposes the windings 51, 52 each only have one winding; however,
in practice each of the windings 51, 52 has a plurality of windings). Accordingly, by alternative
energisation of the windings 51, 52 there are two options for driving the rotor 49. The different
windings 51, 52 are associated with different power supply circuits 8A, 8B and/or control circuits
16A, 16B. So, when energising the power supply circuit 8A and the control circuit 16A, the rotor
49 can be driven by the windings 51, whereas the power supply circuit 8B and the control circuits
16B are not energised. When switching from the power supply circuit 8A and the control circuit
16A to the power supply circuit 8B and the control circuit 16B, the rotor 49 can be driven by the
windings 52. Accordingly, for the embodiment schematically shown in Fig. 4 there is a shared
magnetic redundancy with full redundant magnetic power for the provision of an actuation torque,
wherein redundant motor windings 51, 52 create magnetic forces in the same magnetic circuits

of the brake actuator 3.

Instead, Fig. 5 shows an embodiment with a splitted magnetic redundancy with half redundant
magnetic power and resulting motor torque. Here, redundant windings 53, 54 create magnetic
forces in separate magnetic circuits. According to Fig. 5, different sets of cores 50 are evenly
distributed in circumferential direction of the stator 48. Here, one set of cores comprises the

windings 53, whereas the other set of cores comprises the windings 54.

For the embodiments shown in Figs. 4 and 5, dependent on the control in the control circuits 16A,
16B (and the power supply circuits 8A, 8B) it is possible that during the normal mode the brake
actuator 3 is driven by simultaneous energisation of both windings 51, 52 or 53, 54. Instead, in
the case of a power failure in one of the control circuits 16A, 16B and/or a power source 9A, 9B
it is possible to drive the brake actuator 3 solely with one of the windings 51, 52 or 53, 54. However
it is also possible that during the normal operation the brake actuator 3 is driven by one of the
windings 51, 52 or 53, 54, whereas in the case of an abnormality the brake actuator 3 is driven
by the other of the windings 51, 52 or 53, 54.
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The brake actuator 3 might be a brushless permanent magnet motor with an axial magnetic air
gap comprising windings 51, 52 on both sides of a rotor which might also be named a "pancake
rotor". Furthermore, a brushless permanent magnet motor with radial magnetic air gap and
concentrated windings can be used. It is also possible to use a brushless non-permanent magnet

motor as a switched reluctance motor with concentrated windings.

Fig. 6 schematically shows another electric brake system 1. The vehicle comprises an axle 61
with a wheel axle unit 59 which comprises a wheel axle housing 60. For a simplification of the
drawing, here further wheel axle units of the vehicle are not shown and only one wheel end of the
wheel axle unit 59 with the associated brake device 2 is shown. The recharging power source 32
might e. g. be a truck battery or bus battery, a similar power source at another axle, a generator
mounted somewhere in the system, an electric motor used for driving the vehicle and also used
in a recuperation mode for recharging the capacitor-based power source 9 or a hub-mounted

generator.

In Fig. 6 the axle module 39 comprises the control unit 62 and a capacitor-based power source
9. The axle module 39 comprises a recharging port connected to the recharging power source
32. Furthermore, the axle module 39 comprises a port for transmitting power between the control
unit 10 and the control unit 62 and another port for exchanging control signals between the control
units 10, 62. For the shown embodiment the brake control unit 10 is interposed between the brake
device 2 and the axle module 39 with line connections there between. However, for a different
embodiment it is also possible that the brake control unit 10 is integrated into the axle unit 39 or
attached to or integrated into the brake device 2. The brake control unit 10 might comprise one
single control unit/CPU or at least two redundant brake control units/CPUs. The brake device or
axle unit 59 might comprise a wheel speed sensor and/or a pad wear sensor. The measurement
signals of these sensors are communicated and fed to the brake control unit 10. The axle module
39 can be attached to or integrated into the wheel axle unit 59, preferably close to the wheel end
or in the lateral center of the axle 61. The brake control unit 10 comprises control logic for
controlling the energisation of the brake device 2 and its brake actuator 3. The brake control unit
10 might also comprise control logic for switching between the above mentioned brake application
mode, the holding mode and the release mode, wherein the brake control unit in this case also
provides the energisation for the brake application in the application mode, the switching to the
holding mode and the energisation of any holding device and the switching to a recharging in the

release mode.
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The brake control unit 10 receives both the signals from the service brake actuation unit 22 (in
particular a foot brake pedal) and the parking brake actuation unit 24 (in particular a hand brake
lever or switch). Furthermore, the brake control unit 10 receives the control signals from the

control unit 62.

The control unit 62 which is integrated into the axle module 39 might be a control unit for
controlling the brake and/or a control unit for controlling the flow of electric energy between the
recharging power source 32, the capacitor-based power source 9 and/or the brake control unit
10. Differing from the shown embodiment, the axle module 39, the brake control unit 10, the
capacitor-based power source 9 and/or the recharging power source 32 may also communicate
and share the decisions or power control or brake control with other power sources, control units,

brake control units and/or brake devices 2, in particular related to a different wheel axle.

Fig. 7 shows an embodiment generally corresponding to the embodiment of Fig. 6. However,
here the components of the brake system 1 are shown for two wheel axles 61A, 61B. Axle
modules 39A, 39B are related to a respective wheel axle 61A, 61B. Furthermore, differing from
the embodiment of Fig. 6 the functions of the control units 10, 62 of Fig. 6 are here fulfilled by the
brake control unit 10. Whereas both brake sub-systems 1A, 1B related with the two axles 61A,
61B are formed separately from each other without any linkage there between, both wheel axle

modules 39A, 39B are recharged by one and the same recharging power source 32.

The embodiment of Fig. 8 generally corresponds to the embodiment of Fig. 7. However, here the
brake sub-systems 1A, 1B are not formed separately from each other. Instead, here the capacitor-
based power source 9A is always or in a failure mode used both for the power supply of the
associated brake control unit 10A and also for a power supply of the brake control unit 10B. In
the same way the capacitor-based power source 9B supplies the brake control unit 10A with
electric power, in particular in a failure mode or if the power supplied by the other capacitor-based
power source 9A is not sufficient. For the shown embodiment the capacitor-based power source
9A bypasses the other capacitor-based power source 9B when supplying power to the brake

control unit 10B associated with the last mentioned capacitor-based power source 9B.

It is possible that a control unit, in particular the brake control unit 10, also provides an energy
management for defining the amount of power supplied to the different axles 61A, 61B. Here, the

power management might be such that the power and the brake force are distributed according
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to a given ratio (e.g. front axle 60 %, rear axle 40 %) and/or according to a ratio dependent on the

load distribution of the vehicle.

Fig. 9 shows a brake sub-system 1A similar to the brake sub-system 1A in Fig. 7. However, here
a hub generator 63A is integrated into the wheel end or brake device 2. The hub generator 63A
supplies power to the axle module 39A which is transmitted by the brake control unit 10A to the
capacitor-based power source 9A for recharging the capacitor-based power source 9A. Here, the
hub generator 63A might be always active or only activated in specific operational states (e.g.

during a downhill drive of the vehicle, during a brake actuation and the like).

For the embodiment shown in Fig. 10 the axle modules 39A, 39B each comprise redundant brake
control units 10Aa, 10Ab (10Ba, 10Bb) or CPUs. Here, one brake control unit 10Ab is supplied
with power from the capacitor-based power source 9A (and also from the regeneration power
source 32). The other brake control unit 10Aa can be provided with power (always or in a failure
mode) alternatively or cumulatively from the brake control unit 10Ab and/or the capacitor-based
power source 9B of the other axle module 39B. The same applies for the brake control units 10Ba,
10Bb of the other axle module 39B. Furthermore, for the embodiment shown in Fig. 10 power
management units 64A, 64B are integrated into the axle modules 39A, 39B for controlling the

power distribution between the different wheel axles 61A, 61B.

The embodiment shown in Fig. 11 generally corresponds to the embodiment of Fig. 10. Here, the
brake device 2 comprises an electromechanical brake. The brake actuator 3 comprises a motor
with dual windings 51-54 wherein both windings are powered alternatively or cumulatively as
described above. The brake device 2 also here comprises a wheel speed sensor and/or a pad

wear sensor.

Fig. 12 shows an embodiment with electric brake sub-systems 1A, 1B, 1C related with three
different wheel axles 61A, 61B, 61C. In the brake sub-systems 1A, 1B, 1C all of the axle modules
39A, 39B, 39C and the included capacitor-based power sources 9A, 9B, 9C are recharged by the
recharging power source 32. The control signal of the service brake actuation units 22 and the
parking brake actuation units 24 is only transferred to a part of the axle modules 39A, 39B,
whereas the actuations units 22, 24 are not directly connected to the axle module 39C. In the
present case, the brake control units 10A, 10B and so the axle modules 39A, 39B also

communicate with a control unit 65 of another vehicle. The communication between the control
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unit 65 of the other vehicle and the control units of the present vehicle is a wireless
communication. The communication between the vehicles can be used for the provision of a
virtual axle between the two vehicles, so for transmitting a brake application signal from the other
vehicle to the present vehicle and/or for coordinating the brake applications of the two vehicles.
On the brake control units 10A, 10B, 10C different software loops 66, 67, 68 (being executed on
one and the same CPU or on different CPUs) may be installed which run in series or in a
parallelised fashion for providing the different functions (e.g. switching between the different
operating modes, activating or deactivating a holding device, activating or reactivating the
recuperation of energy in the brake device 2, switching between different windings of the brake
actuator 3, controlling the desired brake force and the like). The software loops 66, 67, 68 may
each be used for different control purposes. For one example, the software loop 66 serves for a
system control. Instead, the software loop 67 serves for a brake control. Finally, the software loop
68 serves for a power control. It will be understood that it is also possible that instead of different

software loops 66, 67, 68 there are different sub-CPU's responsible for the different functions.

The wheel axle modules 39A, 39B communicate with the other wheel axle unit 39C in a master-
slave-interrelation so that the brake control of the brake device 2C at the wheel axle 61C is
performed by the axle module 39C dependent on the output and control of the axle modules 39A,
39B.

The embodiment of Fig. 13 generally corresponds to the embodiment of Fig. 12. However, here
there are power links 69, 70 between the different axle modules 39A, 39B, 39C or capacitor-
based power sources 9A, 9B, 9C. The flow of energy over the power links 69, 70 and between
the capacitor-based power sources 9A, 9B, 9C can be controlled with different control strategies.
To mention only some non-limiting examples, the capacitor-based power sources 9A, 9B, 9C
might permanently be connected to each other so that there is a levelling of the energy stored in
the different capacitor-based power sources 9A, 9B, 9C. It is also possible that the power links
69, 70 are only selectively activated when detecting that the energy level in one capacitor-based
power source 9 falls below a threshold not being sufficient for a brake application. If the capacitor-
based power sources 9A, 9B, 9C have different nominal voltages, it is also possible that a power

converting unit is integrated into at least one of the power links 69, 70.

The embodiment shown in Fig. 14 generally corresponds to the embodiment of Fig. 13. However,

here the software loops 67A, 67B, 67C or the related control units for the brake control are not
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integrated into the axle modules 39A, 39B, 39C but located at the wheel ends, in particular
integrated into the brake devices 2A, 2B, 2C. Accordingly, here the control functions are split such
that the brake control is performed by the brake control unit 10 integrated into the brake device 2

whereas the energy management and the system control are integrated into the axle modules 39.

The embodiment of Fig. 15 corresponds to the embodiment of Fig. 14. However, here there are
also power links 69, 70 between the axle modules 39A, 38B, 39C or capacitor-based power

sources 9A, 9B, 9C for providing an energy flow with a strategy as described above.

The following might apply to all of the embodiments described above:

Within the frame of the invention it is possible to use any type of brake device, whereas in the
case of using an actuation mode, a holding mode and a release mode any type of brake device
comprising a holding device for keeping the brake force constant with a low energy level and/or
any brake device allowing a recuperation of energy stored in the brake device can be used. To
mention only one non-limiting example, a brake force transmitting unit or brake assembly as
disclosed in the non-published European patent application with the application No. EP 16 170
447.3 and which comprises a holding unit for fixing the position of the brake actuator can be used.
Furthermore, it is possible to use a disc brake actuator comprising a ramp transmission and a
threaded transmission system and which might include a fixing unit for fixing an operational state
of the disc brake actuator as disclosed in the non-published European patent application with the
application No. EP 16 175 327.2 can also be used. The disclosure of these patent application is

incorporated by reference into the present European patent application.

The brake control unit 10 preferably receives power from at least one of the power sources 9, 32
and sensor signals and control signals. On the basis of these signals, the brake control unit 10
determines the required energisation (so the current and/or the voltage) required for energising
the brake device 2 for providing the required brake force which may also be determined by the
brake control unit 10. The controlled current and/or voltage for energising the brake device 2 is

then output at an output port of the brake control unit.

Features (e.g. at least one control unit, a line connection, an electric components) and functions
described for one of the embodiments can be transferred also to other embodiments for which

these features or functions have not been described. It is also possible that in a modified
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embodiment described features and/or functions may not be present. Herewith the person with
skill in the art reading the present patent application is encouraged to also perform the required
adaptions for integrating the features and functions described for one embodiment into another

embodiment or to cancel features or functions of described embodiments.

It is also possible to use a brake device 2 wherein without additional measures an achieved
operating position of the brake actuator is held without energisation, whereas a change of the
operational position of the brake actuator requires an energisation of the brake actuator. For one
example, this can be provided by a self-locking brake actuator or brake device or brake
transmission, see e.g. also the used self-locking spindle drive and/or uni-directional clutches used
in the afore mentioned non-published patent applications EP 16 170 447.3, EP 16 175 327.2.

It is possible that a current limiting device is arranged in the power line between the recharging
power source 32 and the capacitor-based power source 9. Furthermore, it is possible that
according to the invention a package of capacitors is used for the capacitor-based power source,

e.g. with the following specification:

UltraCap 48 V pack

Capacitance 17.22 | Farad
Voltage 48.6 | Volt
Energy 20336 | Joule
Energy 5.649021 | Wh

Furthermore, capacitor cells of the type "Maxwell BCAP 0310" as follows can be used:
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Voltage/cell 2.7 | Volt
No. of cells 18 | Pcs.
Farad/cell 309.96 | Farad
Energy/cell 1129.804 | Joule
Energy/cell 0.313835 | Wh
Weight/cell 60 | g
Weight total 1080 | g
Volume/cell I
Volume total 0|l

Peak current 1s. 250 | A
Cont. current (15 grader) 25| A
ESR (DC)cell 2.2 | mOhm

It is possible that more than 18 pieces of these cells are used for handling cell variations and
preventing overcharging of one cell. The capacitor-based power source might be dimensioned
such that it is possible to provide a full brake application with a nominal brake application force of
220 kN with 500 J/brake. For the recharging of the capacitor-based power source 9 by the
recharging power source 32, the charging time might be 1.67 seconds with a charging power of

500 W with a current limit of 25 A at a voltage of 24 Volt with an energy per axle of 100 J.

The system control performed in the software loop 66 is supervising the other control functions,
determines control measures valid for each of the axles and/or decides about different control

measures taken by control units associated with single axles.

The brake application control performed in the software loop 67 is used for controlling the

energisation of the brake devices 2, so for controlling the brake force.

The energy control performed in the software loop 68 serves for controlling the voltage levels and

for distributing the power between different brakes, axle modules 39 and/or power sources 9, 32.

It is possible that the wiring between single units of the brake system 1 is partially or completely
doubled so that a break in one wire can be handled by another wire. The system control receives

information about the application of the foot pedal or a hand brake. The energy management
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module might comprise electronics for converting voltages, for powering the brake device, for re-
directing and/or distributing power in the event that one power source breaks down and the like.
The brake control handles the specifics of the brake device 2, controls the power pulses, receives

information about the wheel speed, brake force, pad wear and the like.

If the brake control unit 10 forms a part of the brake device 2, it is possible that the brake control
unit 10 is connected to the axle module 39 or to the capacitor-based power source 9 via an energy
management control unit, whereas the brake control is performed by the brake device 2 itself
(here integrated brake control units 10). In this case, a brake request is sent from the system
control but the specific brake control signals are generated and sent out from the brake control
unit 10.

The control unit 65 of the other vehicle may transmit and/or receive information through wireless
interaction or wired interaction (in the later case the other vehicle may be a tractor for a semi-
trailer). Furthermore, it is possible that information is retrieved by a control unit of the vehicle with
the present brake system 1, e.g. a distance sensor to an adjacent vehicle via internal sensors as

radar, ultrasonic, video and the like.

In general, the vehicle might comprise any power source which might be a power supply, an
energy reservoir, an ultra-capacitor, a battery, a fuel cell, a generator, an electric motor used both
for driving the vehicle as well as for recuperating energy from the moving energy of the vehicle
for recharging the capacitor-based power source 9, a main line or any other electric circuitry

having the same effect (this not being an exhaustive list).

The capacitor-based power source 9 should be fast enough to provide power to the brake device
2 without limiting its performance. The capacitor-based power source 9 is in particular a power
source supplying power faster than the regeneration power source. This means that the capacitor-
based power source 9 is able to supply high currents during short-to-medium long bursts and with
great ramp-up speed. It is possible that the capacitor-based power source 9 is or comprises a

capacitor.

Sensors might sense and transmit the sensor signal to one of the control units, e.g. a wheel speed

sensor, a force sensor, a pad wear sensor, a thermometer and the like. The present invention
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can also be used in combination with an autonomous driven vehicle in which case the service

and parking brake signals may be generated by the overall vehicle control system.

The invention and the different disclosed embodiments suggest to use at least one capacitor-
based power source 9A, 9B. Fig. 16 shows a schematic diagram showing the recharging and
unloading characteristic 55 of an accumulator (wherein the energy is stored on the basis of a
chemical process) and the corresponding recharging and unloading characteristic 56 of a
capacitor-based power source 9. These characteristics 55, 56 are shown in Fig. 16 with the

voltage 57 supplied by the accumulator/capacitor-based power source over the energy stored 58.

The characteristics 55, 56 schematically show the following differences:

a) The capacitor-based power source 9 has at least a smaller hysteresis than the

accumulator leading to an increased power efficiency.

b) A measurement of the voltage of a capacitor-based power source allows a determination
of the energy stored by the capacitor-based power source under use of the characteristic
56. Accordingly, it is very simple to monitor the charging level of the capacitor-based power
source. Instead, for an accumulator it is not possible to determine the charging level of the

accumulator in a simple fashion on the basis of a measurement of the voltage supplied.

The characteristics 55, 56 are only schematic and have been chosen to illustrate the basic
differences. However, differing from the shown characteristics 55, 56 it is e.g. possible that the
characteristic 56 of the capacitor-based power source 9 used by the invention comprises a
different form, e.g. a curved characteristic. However, the characteristic 56 of the capacitor-based
power source 9 may allow a direct determination of the energy level stored on the basis of the

voltage.

Within the frame of the invention the energy level of the capacitor-based power source 9 is
monitored and/or controlled by a control unit which might be a control unit 10 and/or a control unit
controlling the recharging energy flow from a recharging power source 32.

During a brake action three different phases can be distinguished:

a) In a "brake actuation mode" the brake force is increased.
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b) In a "holding mode" a previously achieved brake force is held constant.
c) In a "release mode" the brake force is reduced.

In the application mode the brake device is controlled such that by an increase of the energisation
of the brake actuator the brake force is increased. It is possible that during the holding mode the

energisation of the brake device is kept constant.

However, it is also possible that in the holding mode the brake device 2 is energised on a reduced
energisation level. In this case, the brake device 2 may include a holding device which fixes the
operating position of the brake actuator 3 on a reduced power level. The holding device preferably
fixes a displacement of a brake actuator element as a pushrod, a plunger and the like. The holding
device might include an electromagnet which actuates a locking element for the brake actuator in
the not energised state. Accordingly, without energisation a previously achieved brake force will
be held by the holding device. Instead, in the application mode and in the release mode the
electromagnet can be energised for unlocking the brake actuator and for controlling the brake

force dependent on the energisation of the brake device.

It is possible that in the release mode the brake device acts as a generator supplying high power

to increase the energy level of the capacitor-based power source(s) 9.
The actuator is to be regarded as a mechanical energy storage when applied.

The mechanical energy stored in the brake actuator is
Eactmech(s) = fFact(S) * ds

The energy level in the actuator is monitored and used in the energy control module. The energy
level is strongly dependant upon the elasticity characteristic which is dependent upon several

conditions, the pad wear, the temperature and others.

The electric energy with an electromechanical efficiency of Eff.,, to apply the brake is

Eapply(s) = Eqctmecn (S)

Effom
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The available energy from each actuator to charge the ultracapacitor module is

Erelease (S) = Effem * Eactmech(s)

The energy level in the actuator is monitored and used in the energy control module. The energy
level is strongly dependent upon the elasticity characteristic which is dependent upon several

conditions pad wear, temperature and more

The maximum recoverable energy is

Erelease(s) = (1 - Effemz) * Eapply(s)

The energy level in the capacitor-based power source is monitored and used in the power control

strategy.

The maximum energy level will be limited by the maximum allowed energy of the capacitor-based

power source minus the electromechanical energy stored in the applied brake device.

The maximum energy stored in the capacitor-based power source 9 is limited by the limit for the

voltage over the capacitor-based power source 9

_ Vuclim * Cuc
Eucmax - 2

The capacitance is defining the energy storage capacity of the capacitor-based power sources
and is constantly monitored by measuring the current of the capacitor-based power source and
the voltage supplied by the capacitor-based power source and defining the capacitance of the

capacitor-based power source through the following equation:

[fixat
Cuc(t) = 0

Vucl - VucO
As the applied brake device is a mechanical energy storage, the capacitor-based power source
shall be able to receive the energy from the brake actuator. With applied brake device the

maximum energy/voltage in the capacitor-based power source is limited to:
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Eaxlemax(t) = Eucmax - Eactuators(t)

2 * Eactuators (t)
Cuc ()

Vucmax(t) = Vuctim —

An energy control logic installed in one of the control units is monitoring and controlling the energy
level stored in the capacitor-based power sources and the energy loading characteristics of the
recharging power source(s). Both the capacitor-based power sources and the brake devices
serve as energy reservoirs. The energy level control considers both the energy status and the
power demand from the brake system. In order to save energy, a park-lock function or a holding
device for keeping a generated brake force constant can be used below a vehicle speed threshold

to bring the vehicle to a stop.

Preferably, the control strategy includes different modes, namely

a) a normal brake control mode,
b) a dynamic brake control mode and
c) a residual brake control mode.

During the normal brake control mode the energy level is controlled according to the normal rules.
The reloading current from the recharging power source(s) is increased with lower energy levels
in the capacitor-based power sources and dependent upon the energy levels in the brake

actuators:

Icharge = f(Eactuatorsv Vuc)

In the dynamic brake control mode the brake system is required to act faster so that in the dynamic
brake control mode there is more energy consumed than during the normal brake control mode.
This could be the case with a limited available torque due to a low-friction road

Icharge chargemax

In a residual brake control mode there are no or very limited energy resources in the capacitor-
based power sources available. In order to guarantee the requirements for a remaining number

of brake applications, the holding device, in particular an electromagnet, is used to hold any
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previously reached brake force as long as required for the desired brake actuation in order to

save brake system energy.

As explained above, it is possible to easily monitor the charging level of the capacitor-based
power sources on the basis of the characteristic as shown in Fig. 16. In the following, a different
(alternative or cumulative) embodiment for monitoring the energy level of the capacitor-based

power sources will be described:

The capacitor-based power source has an energy storage capacity that corresponds to the

capacitor value

The capacitor-based power source might have an energy storage capacity that corresponds to
the capacitor value C,. of the capacitor-based power source. By measuring the current in and out
of the capacitor-based power source the status of the energy level is easily monitored. Preferably,
the energy input, the energy output, the stored energy level and the energy storage capacity are
measured and monitored. This is easily provided by measuring the voltage of the capacitor-based
power source V. and the current i, to the capacitor-based power source. The transferred energy
in and out of the capacitor-based power source is i, - V,,.. The capacitance of the capacitor-based

power source is

t1 .
A Jro tucdt
e Vucl - VucO
where V.o is the voltage of the capacitor-based power source at time ¢,

V.1 is the voltage of the capacitor-based power source at time t; and

fttl i,cdt is the integration of the current from ¢, to ¢;.

o

The resulting energy storage level is equal to
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The losses of the capacitor-based power source are lower than for other chemical or
electrochemical accumulators. Accordingly, the use of the capacitor-based power sources is
efficient to discharge when delivering high power for a brake actuation and rechargeable when
receiving the mechanical "spring" energy from the brake device when releasing the brake.
Compared to pneumatical brake systems where no recharging is made, the electromechanical
brake system will decrease the power consumption significantly. The use of an energy reservoir
provided by the capacitor-based power sources makes the brake system possible to connect to
different types of low-power recharging power sources like batteries, battery/generator modules

or generators only or any other available power source.

In the figures the dotted lines show sensor lines, wherein the solid lines represent power lines

and the dashed lines represent control lines.

For all of the disclosed embodiments and/or the embodiments defined by at least one of the claims

one, a plurality or all of the following technical measures might apply:

a) It is possible that the recharging power source 32 can in some operational states be
directly connected to the electric brake device 2.
b) The electric brake system 1 might comprise a monitoring device monitoring the charging
level of the capacitor-based power source 9.
c) A voltage converting device 25, 26, 27, 35, 36 may be interposed
- between the recharging power source 32 and the capacitor-based power source
9,
- between the capacitor-based power source 9 and the at least one electric brake
device 2 and/or
- between a connection between the recharging power source (9) and the at least
one electric brake device 2.
d) It is possible that in the electric brake system 1 electric lines between the recharging power
source 32 and the capacitor-based power source 9 have a lower performance than electric
lines between the capacitor-based power source 9 and the electric brake device 2.
e) It is possible that in the electric brake system 1 the electric brake device 2 can be operated
in a low power mode wherein a brake application is held constant.
f) It is possible that in the electric brake system 1 the capacitor is a package of a plurality of

single sub-capacitors.
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It is possible that in the electric brake system 1 control logic is provided for switching

between a normal mode, a dynamic mode and/or a residual mode.

It is possible that in the electric brake system 1 the recharging power source 32 is a battery,

a fuel cell or an external main electric power supply line.

It is possible that in the electric brake system 1 electric power is supplied to the capacitor-

based power source 9 and/or recharging power source 32 by at least one generator.

It is possible that in the electric brake system 1 the module 39 contains two redundant

control devices 10Aa, 10Ab; 10Ba, 10Bb.

Itis possible that in the electric brake system 1 electric brake devices 2A, 2B of a wheel

axle unit 59A, 59B are controlled by a control device 10A, 10B which cooperates in a

master-slave-interaction with a control device 10C controlling the brake application of

brake actuators 2C of another wheel axle unit 59C.

It is possible that in the electric brake system 1 the capacitor-based power sources 9A, 9B

have different nominal voltages.

It is possible that in the electric brake system 1 the electric brake device 2 comprises a

mechanical self-enforcing mechanism.

It is possible that in the electric brake system 1 the electric brake device 2 comprises a

plunger which is mechanically connected to the brake element 4 for biasing the brake

element 4 and the electric brake actuator 3 biases the plunger via a rotating brake lever.

It is possible that in the electric brake system 1 a or the control device 10A, 10B comprises

control logic for controlling at least one control circuit 16A, 16B for activating a burst mode

wherein in the burst mode at the same time

- the first capacitor-based power source 9B supplies first windings 51; 53 of the
electric brake actuator 3 with electric power and

- the second capacitor-based power source 9A supplies second windings 52; 54 of
the electric brake actuator 3 with electric power.

It is possible that in the electric brake system 1 the recharging power source is a power

source also used for supplying power to an electric drive aggregate for moving the vehicle.
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1 electric brake system
2 brake device
3 brake actuator
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5 Control unit
6 sensor
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10 control unit
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16 control circuit
17 control line
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20 control line branch
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22 service brake actuation unit
23 actuating line
24 parking brake actuation unit
25  voltage converting device
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27  voltage converting device
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30 supply line branch
31 supply line branch
32 recharging power source
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CLAIMS
1. Electric brake system (1) for a vehicle comprising
a) at least one electric brake device (2) wherein a brake force is generated by an electric
brake actuator (3) and
b) a capacitor-based power source (9) which

ba) is formed by or comprises a capacitor and
bb)  supplies electric power to the electric brake actuator (3),

c) a recharging power source (32),

d) at least one control device comprising control logic for controlling the flow of electric energy
from the recharging power source (32) to the capacitor-based power source (9),

e) a brake actuation mode wherein the electric brake device (2) is controlled such that a
desired brake force is generated, an increasing brake force is generated and/or a
previously generated brake force is upheld,

f) wherein the brake actuation mode comprises
fa) a holding sub-mode wherein a previously generated brake force of the electric

brake device (2) is kept constant and
fb) a brake force control sub-mode wherein the brake force is controlled on the basis

of the actual brake force demand.

2. Electric brake system (1) of claim 1, wherein control logic is provided which initiates a
supply of electric power from the recharging power source (32) to the electric brake device (2) in

the case of detecting

a) a failure of the capacitor of the capacitor-based power source (9),

b) a critical extent of brake actuations per time interval,

c) a low charging level of the capacitor-based power source (9) and/or

d) a critical changing rate of the charging level of the capacitor-based power source (9).

3. Electric brake system (1) of claim 1 or 2, wherein control logic is provided for controlling

the flow of energy from the recharging power source (32) to the capacitor-based power source

(9) dependent on a monitored charging level of the capacitor-based power source (9).
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4. Electric brake system (1) of one of claims 1 to 3, wherein control logic is provided for
controlling a return flow of electric energy recovered by the electric brake device (2) during a
brake release to the capacitor-based power source (9) for recharging the capacitor-based power

source (9).

5. Electric brake system (1) of one of claims 1 to 4, wherein control logic is provided which

switches the electric brake device (2) between

a) the brake actuation mode wherein the electric brake device (2) is controlled such that a
desired brake force is generated, an increasing brake force is generated and/or a
previously generated brake force is upheld,

b) a recovery mode wherein during a release of the electric brake device (2) energy is
recovered by the electric brake device (2) and the recovered energy is transferred to the

capacitor-based power source (9) for recharging the capacitor-based power source (9).

6. Electric brake system (1) of one of claims 1 to 5, wherein the capacity of the capacitor of
the capacitor-based power source (9) is dimensioned such that after eight full-stroke applications
of the electric brake device (1) the charging level of the capacitor is not less than the charging

level required to obtain a predefined security braking performance on a ninth brake application.

7. Electric brake system (1) of one of claims 1 to 6, wherein control logic for controlling the
flow of electric energy between the capacitor-based power source (9) and the recharging power

source (32) considers a recoverable energy level stored in the applied electric brake device (2).

8. Electric brake system (1) of one of claims 1 to 7, wherein

a) the capacitor-based power source (9) supplies power to two electric brake devices (2)
located at different vehicle sides of a vehicle axle (61) or

b) two capacitor-based power sources (9) supply power to four electric brake devices (2) of

a double axle.

9. Electric brake system (1) of one of claims 1 to 8, wherein

a) a first and a second capacitor-based power source (9A, 9B) are provided, each of them
being associated to at least one electric brake device (2A, 2B) of a respective vehicle axle
(61A, 61B),
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b) in a normal operational mode the two capacitor-based power sources (9A; 9B) are each
connected with at least one electric brake device (2A; 2B) of the respective vehicle axle
(61A; 61B) but separated from the electric brake device(s) (2B; 2A) of the other vehicle
axle (61B; 61A) and

c) in a failure mode one of the two capacitor-based power sources (9A) is connected to
electric brake devices (2A, 2B) of both vehicle axles (61A, 61B).

10. Electric brake system (1) of one of claims 1 to 9, wherein the capacitor-based power
source (9) is connected via a power control device and/or a brake control device to at least one

brake actuator (3) or electric brake device (2).

11. Electric brake system (1) of one of claims 1 to 10, wherein
a) the capacitor-based power source (9) and
b) a voltage converting device (25, 26, 27, 35, 36), a power control device, a system control

device and/or the control device
are combined into a module (39) for controlling at least one electric brake device (2) associated

therewith.

12. Electric brake system (1) of claim 11, wherein the module (39) is

a) mounted to a wheel axle unit (69) which comprises the associated electric brake device
(2),

b) integrated into a wheel axle unit (69) which comprises the associated electric brake device
(2) or

c) mounted to a chassis in a region close to the wheel axle unit (59) which comprises the

associated electric brake device (2).

13. Electric brake system (1) of one of claims 1 to 12, comprising

a) a first and a second capacitor-based power source (9A, 9B) and
b) a first control circuit (16A) and a second control circuit (16B),
c) wherein the first and the second capacitor-based power source (9A, 9B) and/or the first

control circuit (16A) and the second control circuit (16B) are each connectable to at least
one electric brake actuator (3) for providing a redundant electric power supply and/or a

redundant control and
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d) wherein at least one voltage converting device (25; 35, 36) connects
da) atleast one of the capacitor-based power source (9A, 9B) to the recharging power
source and/or
db)  the first capacitor-based power source (9A) and the second capacitor-based power

source (9B).

14. Electric brake system (1) of one of claims 1 to 13, characterized in that

a) when using the first capacitor-based power source (9B) in a normal mode the first
capacitor-based power source (9B) supplies first windings (51; 53) of the associated
electric brake actuator (3) with electric power and

b) when activating the second capacitor-based power source (9A) in the case of
ba) a detected failure of the capacitor of the first capacitor-based power source (9B),
bb)  a detected critical extend of brake actuations per time interval and/or
bc)  a detected low energy level of the capacitor-based power source.
the second electric power source (9A) supplies second windings (52; 54) of the electric

brake actuator (3) with electric power.

15. Electric brake system (1) of one of claims 1 to 14, characterized in that control logic is
provided for deactivating at least one consumer which is also supplied with power by at least one
capacitor-based power source (9A, 9B) and which does not have an impact on the brake function

wherein the at least one consumer is deactivated dependent on

a) an energy level of at least one of the capacitor-based power sources (9A, 9B),
b) a detected failure of the capacitor of the capacitor-based power source and/or
c) a detected critical extend of brake actuations per time interval.

16. Electric brake system (1) of one of claims 1 to 15, characterized in that

a) the first capacitor-based power source (9B) is used in normal operating states,

b) the first capacitor-based power source (9B) is connected to two separate electric brake
actuators or groups (7A, 7B) of brake actuators (3a, 3b; 3c, 3d) by two parallel power
supply lines (12A, 12B) wherein a control unit (10A, 10B) and an optional voltage converter
(26, 27) is/are integrated into each of the two parallel power supply lines (12A, 12B)

c) the second capacitor-based power source (9A) is used in the case of an abnormality such

that the second capacitor-based power source (9A) is connected to the control units (10A,
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10B) and the two separate electric brake actuators or groups (7A, 7B) of brake actuators
(3a, 3b; 3c, 3d).

Electric brake system (1) of one of claims 1 to 16, characterized in that a module (39) is

provided which comprises

a)
b)
c)
d)

a capacitor-based power source (9A),

a control unit (10A),

optionally a voltage converting device (35),
at least one output port (42, 43, 44, 46, 47) for

da)

db)

dc)

dd)

a control signal for a first brake actuator or a first group (7A) of brake actuators (3a,
3b),

a power supply for the first brake actuator or the first group (7A) of brake actuators
(3a, 3b),

a control signal for a second brake actuator or a second group (7B) of brake
actuators (3¢, 3d) and/or

a power supply for the second brake actuator or the second group (7B) of brake

actuators (3c, 3d) and/or

at least one input port (40, 41, 45) for

ea)

eb)

ec)

ed)

ee)

ef)

a brake signal from a service brake actuation unit (22) and/or a parking brake
actuation unit (24),

a power supply from an electric power source (32) of the vehicle,

a control signal for a first brake actuator or a first group (7A) of brake actuators (3a,
3b),

a power supply for the first brake actuator or the first group (7A) of brake actuators
(3a, 3b),

a control signal for a second brake actuator or a second group (7B) of brake
actuators (3¢, 3d) and/or

a power supply for the second brake actuator or the second group (7B) of brake

actuators (3c, 3d).



PCT/EP2017/081039

WO 2018/114275

1/16

pS
— h .......
W 7% PYPE‘PT
’ ﬁ ““““““ A—\\I\ mN
\ \otom.om ar‘ag‘az
po
7 i V.
‘e .| a6 V6 epecez
A \
29 26 aiL VLI VI V9l V0Z ——
a5, —\ wt \ h
(. T e
= \ii [ J \ T
aylL g<lL gz 98 991 901 Vol vzl V8 VIZ V8L V6L VEL V¥l
agz——— | % il
/|/ ~L
— veZ
daie
o) w
o=l 44
ve

-




PCT/EP2017/081039

WO 2018/114275

2/16

PY‘PE‘PT

o9 0€°0Z

]

1

— 1l
A
E m »\\m_N
—— | | g6
m I —.Nm

mN—.\\4\,\i 7 ﬂ_ Y XA

I_ av‘ag‘qz ——
ve | V.
az‘qzez
T i o€
6¢ cul\
Vol
Y4
VoL VS8 \ 74}
o
My
L




PCT/EP2017/081039

WO 2018/114275

3/16

az—

I | 2
S
E L
1 «——-p¢
«——8.,
e oz
7 l
-
ve—
| »m\wr
= %

N~
*\

J

i)
oL]

—~—

|

8e‘'d6 e

\

. NI | I

L4

6€




WO 2018/114275

4/16

3

52 51 50

48

PCT/EP2017/081039




WO 2018/114275 PCT/EP2017/081039
5/16

3




PCT/EP2017/081039

WO 2018/114275

6/16

19




PCT/EP2017/081039
7/16

WO 2018/114275

ac‘ae
a6
i
a0l [«
......... 1
a65 ——
MWWH a6¢

VEVC

V6¢<

\

—— — V64
V09
Vi9




PCT/EP2017/081039

WO 2018/114275

8/16

ol

&l

((

V6G ——
V09—
g19—

a91

I——

VEVC

Vol

V64

V09

Vi9

\ &

»




PCT/EP2017/081039

WO 2018/114275

9/16

Vi

veve— | !
1. |
A
FZ3
T — ] wvs
<
||||||||||||| S - -t
_ .
! N S| Vol B
| :
v T
|
|
= _ Vol
e A V6G
—~—— V09
V6E e




PCT/EP2017/081039

WO 2018/114275

10/16

a8

a6 —”
909 —
ga19 —

gl

Vi

veEve

A (43 A

(AR - R

! a6 _ e V6 |

[ \ N [ .

< T T T 've

_ _ s _ !

L+ to_m_Sk:lp |||||||| - W:Ho_é{ | m

-pH R | —— ¥ ——— = - I —

navs| 1 | | H | T |9,

“ — w0 ) m

@ ,mmS_A |||||| Lo | | [evol | vol

L1 L | ek B A S B ) T ves

L | ¢¢e L _ —+———— V09
Vol H \ “—__VI9
g6< Ve




PCT/EP2017/081039

WO 2018/114275

11/16

[—] VE'VZ — | |
o~ [ g
gc'az A #
as
i P Y
“ g6 ” - F— V6 | V8
1 T T T
| - ot !
, q50Y _ ! m
d o .rlnluﬁ ||||||| M —————— - — - AVOL | :
o - i ¥ Shalabeiwinh s - ——
'|av9 | _ | | 1 |vP9)
! = T | ve ! ™ !
| EEOIe ————— - N |  FV0T |
| _ ——== !
g6 — = == ] 7z - L_ e b A
09— B
a19— | a9l
a1 vl

L3R\

V64
V09
——— V19




PCT/EP2017/081039

WO 2018/114275

12/16

RIeYA gcac
| | | |
A A
|
..... Y __ S
! — 1! [ _ —
| o6 |1 ! | 96
| |
N 1
'l 089 |1 'l 989
H—1 [ — —
»'| 919 | " | 97
| |
| h - |
265 ——¥ L% I e — v [ 299
209 —— VAN 1 go9— 1 \_
9 —— f gar9——
201 D6€ g0l 96¢
ol al

FZ3
|
_ Y
| _ T
| | | V6 |
I |
S S — i
@ ' v89 |!
| | I
T " vs |
| N = L e
* ve e L voe |
— | = S
m ] ZC \I IIIIII —
_ |
. T ' V6E VOl

Vi

VEVC

—+— V09
«——VI9




PCT/EP2017/081039

WO 2018/114275

13/16

%D ob acae al VEVEZ
| | \ | | \ | |
A A A
S _ 69
I |
I I
_ii“: 1 " _|,|“| 71 | I i
'| D06 |~ > 86 |~ | > V6 |
| | |
=i D A VR S - T
[ =gg |1 ! 0L [ =as p—
1289 1 1 L8 | —
»'| 019 [+ ! » | 9. ! ! ! ' V19 |«
P Taag |<--n 1 ¥ [ N
- | U R~ E
065 —1» | 1099 | L8 G R.L 4 V6S
200 | . __ »/.. \ ...... 0 s L \.- R L wvo9
A A | cc A
19— | )\
- \ 865 —, mSH i | / | Ve
201 s s T§ le____ VYOI
26¢ dai9 a6 vee
(43

Vi



PCT/EP2017/081039

WO 2018/114275

14/16

rv<r-vi r—rr—o1 mF NTriy 7=
Y4 gac‘ae VEVT
................... > S—— \ s~ I
YR i YRR
\4 _ mSN B I ) _ <8\< "
|
ol _ L “ u
u [ _ “ “ _.lvlhl, _ “ [T 11 "
_ ' 26 | ! 'l a6 | ! ' Ve | u
! ! I | I ! I | ! _ |
| o P =1 “
| vy | ano I w7 vy
| e I Y99 I — |
_ ! Pl ! ! . i . i | _
T > L T " — o]l — Lo w T
1| D89 |i* - | 889 |t " ve TTTTT ™ V89 |
| | . | e — ! F———
oeg—— | __.___866— | T DT I i A
209 i a09 — i Tl e [T A
_ulllllv mlw AIIlIII_
06€ a6¢ V6E
[43

Vi



PCT/EP2017/081039

WO 2018/114275

15/16

FeIe Y4 ac‘ae
.................. > e —~ I
0.9 | Y—~190L a.
A A
\4 4 mS\q 4
| ;T TAT T
| | |
| i |
| [ 96 |~ ~| 86
== | =
Il oo ! | =
| 'l 099 . 0L | ' G99
o > Lo o I I >
| |
| 788 |- | @g9
965 — ” _ 966G — > ”
29— | 4 I~ go9——+ T4k
19 — 1| ga19 — [ |

Vol
: 69
:
‘ " _ lllllllll In_
[t _ v“ ﬁ i
DU S e
_ 'l Y99 |!
-~ e
| ol = L |
-~ re o] VE9
. — T
Ak B 720 et A i
| |
e > GO |le-----
V6E
€

44— — V69
T———V09
4«——VI9

Vi



WO 2018/114275 PCT/EP2017/081039
16/16

A

57—

; :jf;ﬂ—'—1 ;
E
5
N e
: / B

55




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/081039

A. CLASSIFICATION OF SUBJECT MATTER

INV. B60T8/88 B60T13/74
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.

Y FR 3 030 419 Al (FOUND BRAKES FRANCE SAS 1-7,10,
[FR]) 24 June 2016 (2016-06-24) 11
page 4, line 37 - page 5, line 9

page 6, line 19
figure 2

25 May 2006 (2006-05-25)
paragraph [0044]

figure 5

AKTIEBOL [SE])

10 January 2007 (2007-01-10)
paragraphs [0009], [0010]
paragraphs [0013], [0020]

page 3, line 29 - page 4, line 19

Y US 2006/108867 Al (RALEA MIHAI [US])

paragraph [0065] - paragraph [0068]

A EP 1 741 607 A2 (HALDEX BRAKE PRODUCTS

1-7,10,
11

1,10,14

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

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

"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

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
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

7 February 2018

Date of mailing of the international search report

19/02/2018

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

Colonna, Massimo

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/081039

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

DE 198 41 170 C1 (CONTINENTAL AG [DE])
24 February 2000 (2000-02-24)

column 1, Tine 3 - line 28

WO 20067058825 Al (SIEMENS AG [DE]; LANG
HANS [DE]) 8 June 2006 (2006-06-08)

page 5, line 6 - Tine 34

page 8, line 17 - page 9, line 31
figures 1,2

DE 197 55 050 Al (BOSCH GMBH ROBERT [DE])
1 July 1999 (1999-07-01)

cited in the application

column 3, line 9 - Tline 17

figure 2

1,6

1,2,8,9,
11,12,
14-17

1,13

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2017/081039
Patent document Publication Patent family Publication
cited in search report date member(s) date
FR 3030419 Al 24-06-2016 FR 3030419 Al 24-06-2016
WO 2016102906 Al 30-06-2016
US 2006108867 Al 25-05-2006 AT 454569 T 15-01-2010
EP 1954956 A2 13-08-2008
US 2006108867 Al 25-05-2006
WO 2007136418 A2 29-11-2007
EP 1741607 A2 10-01-2007  EP 1741607 A2 10-01-2007
US 2007024112 Al 01-02-2007
DE 19841170 Cl 24-02-2000  NONE
WO 2006058825 Al 08-06-2006  CN 101065281 A 31-10-2007
EP 1817217 Al 15-08-2007
US 2008135357 Al 12-06-2008
WO 2006058825 Al 08-06-2006
DE 19755050 Al 01-07-1999  NONE

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




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - wo-search-report
	Page 70 - wo-search-report
	Page 71 - wo-search-report

