ELECTROHYDRAULIC BRAKE RELEASE DEVICE AND BRAKE
SYSTEM

FIELD OF THE INVENTION

The present invention relates to an electrohydraulic brake release device. The invention also relates

t0 a brake system, in particular in industrial braking installations.
BACKGROUND OF THE INVENTION

In the industrial sector there is a plurality of spring-loaded braking systems where a spring force acts
on brake elements via a power-reinforcing lever system, said brake elements, in turn, engaging a
corresponding brake block (e.g. a disk or a drum). Such industrial brakes are made e.g. as disk
brakes, drum brakes and also as barrel tensioners. They are widely used in the conveyor technique,
e.g. in conveyor belt systems, crane systems, conveyor systems and hoisting systems, etc. They are
usually designed as safety brakes and operate according to the faik-safe principle. This means that the
brakes are designed in such a way that they are automatically applied in a breakdown, e.g. in the case
of a power failure, and stop the moving parts to be decelerated as quickly as possible or keep them

in a certain position (e.g. in the case of hoisting gears or elevators).

For this purpose, it is initially necessary to keep the brakes in an open, i.e. released, state. This is
achieved by what is called brake release devices which, in an activated state, operate against the
brake spring force, eliminate the latter, open the brake and keep it in the (open) released state. This
is often achieved by electrohydraulic brake release devices which act on the brake lever arrangement

in parallel to the brake spring.

They operate according to the following principle: For releasing, a drive (usually an electric motor) is
set in motion. This drive acts on a rotary pump which, during operation, pressurizes and conveys a
hydraulic medium which, in tumn, acts on a cylinder piston surface that is coupled to the brake lever
arrangement Via an actuating rod. In this connection, a certain pressure acts on the actuating piston
surface at a certain speed and said pressure, in turn, applies a certain actuating force to the

arrangement and neutralizes the (restoring) force of the brake spring.

The punips used in this connection are usually rotary pumps which have to be actuated in

continuous operation when the brake is released. During braking, the drive is stopped, the rotary



pump s at a stand-still and the hydraulic medium flows through the rotary pump back into a
reservoir, the actuating cylinder is pushed back by the brake spring and the brake meshes or “is
applied”.

Such brake release devices (cf. figures 8A and 8B) have a simple configuration and offer a high
operational reliability. However, they also have a number of drawbacks: The pressures which can be
applied in continuous operation by means of rotary pumps are relatively low. As a result, the
effective surfaces on the actuating pistons must be relatively large and therefore the required brake
release devices also have 1o be relatively large. In continuous operation, the drives are continuously
loaded and therefore have to be designed for very long operation times as well. In order to release a
brake, relatively large volumes of hydraulic medium have to be moved. This prolongs the actuation
cycles that can be realized, and therefore such brake release devices can only be used to a limited
extent for very short release and braking intervals. In order to minimize the problems occurring on
shaft seals in continuous operation, the electric motors are operated in a hydraulic medium (what is
called wet runners). However, this means that, in order to maintain the motors, the hydraulic liquid
must initially be fully removed. The continuous operation required for the release also causes
thermal problems. In particular, the overall size, the weight and the problems existing in connection

with the continuous operation are considered to be disadvantageous.

One approach may be to run a brake release device in intermittent operation, i.e. after building up a
certain operating pressure on the cylinder, said pressure is kept constant via suitable switch valves
and is reduced again during braking, However, this requires additional line and valve arrangements
on the brake release device.

Therefore, the object is to realize a brake release device which eliminates at least in part the above
mentioned drawbacks.

SUMMARY OF THE INVENTION

This object is achieved by the brake release device of claim 1. According to a first aspect of the
invention, a brake release device is provided which includes the following: an actuating cylinder
arrangement, a tank module for receiving a hydraulic medium, an electric drive unit and a functional
unit having a pump assembly, wherein the pump assembly is arranged in a recess which is formed in

the functional unit and which is in communication with the tank module, is functionally connected



to the actuating cylinder arrangement via a line arrangement and is sealed off from a dry running

drive motor of the electric drive unit by means of a bearing carrier cover.

Further aspects and features of the present invention follow from the dependent claims, the

appending drawing and the below description of preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWING

Embodiments of the invention are now described by way of example and with reference to the

figures, wherein:

Figure 1

Figure 1A

Figure 2

Figure 3

Figures 4Ato F

Figure 5A

Figure 5B

Figure 6

Figure 7

is a perspective view of a brake release device according to the invention;

is a perspective view of an alternative embodiment of a brake release device.

according to the invention;
is a front view of the brake release device shown in figure 1;

is a longitudinal sectional view (section A-A) of the brake release device from
figures 1 and 2;

are perspective negative presentations of different areas in different

presentations of the line arrangement formed in the functional unit;

is a circuit diagram for operating the release device according to the

invention;
is a circuit diagram derived from the circuit diagram shown in figure 5A;

is a front view of the brake release device shown in figure 1 without a tank
module; and

is a schematic diagram of a brake system including the release device
according to figure 1;



Figures 8Aand 8B are a prior art release device including the circuit diagram thereof.

DESCRIPTION OF EMBODIMENTS

In particular figures 1, 2, 3 and figures 5A and 6 illustrate an embodiment in conformity with the
present invention. General explanations on the embodiments are initially provided, followed by a
detailed description.

The brake release device according to the invention is in particular characterized in that the pump
assembly is arranged in a recess which is formed in the functional unit and which, on the one hand,
is in communication with the tank module and, on the other hand, is functionally connected to the
actuating cylinder arrangement via a line arrangement and is finally sealed off from a dry-running

drive motor of the electric drive unit by means of a bearing carrier cover.

This combination of features allows that the pump assembly can be integrated, without a hydraulic
housing of its own, directly into the functional unit. Due to the communication with the tank
module, hydraulic medium is directly supplied to the pump assembly;, and the actuating cylinder
arrangement can be hydraulically actuated by means of the pump assembly action via the line
arrangement which is also connected to the recess. In this connection, the bearing carrier cover
prevents hydraulic medium from reaching the dry-running, electric drive motor and/ or the drive
unit. In this way, the electric drive unit can be arranged directly on the pump assembly and is
simultaneously protected from hydraulic medium. As a result, it is possible to carry out maintenance
wortk on the electric drive unit at regular intervals without having to previously drain the hydraulic
medium and/ or replenish it again before the brake release device is operated again. This also
eliminates a time-consuming and error-prone release of the line arrangement prior to the start-up
operations which might be additionally complicated as a result of the installation position of the

brake release device.

In one embodiment, the bearing carrier cover is designed in such a way that a shaft driving the
pump assembly passes therethrough. This design enables several altematives for coupling the
electric drive unit to the pump assembly:

One option is that the driving shaft is simultaneously a component of the electric drive unit and of
the pump assembly.



In another embodiment, the output end of the input shaft of the electric drive unit can also protrude
through the bearing carrier cover into the recess where it can be coupled to the input end of the
pump assembly via a suitable coupling in such a way that the rotary motion of the input shaft is
transmitted to the pump assembly.

Similarly there are also embodiments where the input shaft of the pump assembly protrudes beyond
the recess and through the bearing carrier cover into the dry=running area of the drive motor where

it is connected to the input end of the motor shaft.

In another embodiment, the bearing carrier cover comprises a bearing arrangement carrying the

shaft, e.g. a suitable antifriction bearing which is made as a fixed or movable bearing.

A particularly compact, operationally reliable and simultaneously variable embodiment of the brake
release device is obtained when the functional unit is made as an integral functional block in which
an actuating cylinder support for receiving the actuating cylinder arrangement, the recess for the
drive unit and the line arrangement are formed in one piece. Short line distances and low line
elasticities thus enable a very effective pressure regulation and a reliable pressure application of the

actuating cylinder arrangement.

In one embodiment, the latter is fixed in a force-fit and detachable way in the actuating cylinder
support via its cylinder pipe. Therefore, the guiding and actuating forces which act on the actuating
cylinder arrangement during operation, can be introduced in a particularly safe manner directly into
the functional block and be transmitted via the latter into corresponding coupling means (e.g. on the

housing of the electric drive unit).

In this connection, there is an embodiment where the functional unit and/or the functional block
have two end faces. The tank module and the actuating cylinder arrangement are arranged on the

functional unit via one end face. The other end face receives the electric drive unit and the pump
assembly.

The line arrangement which can be designed in accordance with the desired embodiment extends
between the two end faces and in particular between the pump assembly in the recess thereof and

the actuating cylinder arrangement in the support thereof as well as the tank module.



A particular lean embodiment is possible if the two end faces are arranged in such a way that they
face away from each other, and therefore the electric drive unit and the pump assembly, on the one
hand, and the actuating cylinder arrangement and the tank module, on the other hand, are arranged
coaxially in relation to a main axis. With such an arrangement, e.g. the actuating forces are then
transmitted between the actuating cylinder arrangement and an electric drive unit housing which is
also coupled to the functional unit/the functional block.

If the end faces are arranged at right angles, the actuating forces can also be transmitted directly
between the actuating cylinder arrangement and the functional unit/the functional block. It is thus
possible to realize a particularly short release device.

In order to conduct an energy-saving intermittent operation with “fail safe” function, it is provided
that the pump assembly is coupled to the actuating cylinder arrangement via a check valve. As a
result, the pump assembly can be switched off in the extended position of the actuating cylinder
arrangement and at a certain pressure without hydraulic medium flowing back into the iaump
assembly, thus influencing the position of the actuating cylinder arrangement. The “fail safe”
function is realized by connecting the actuating cylinder arrangement to the tank module via a
branch point and a 2/2-way valve opened without current. This guarantees that in an emergency
situation (e.g. power failure, functional error) the 2/2-way valve always reaches its open position and
hydraulically connects the actuating cylinder arrangement to the tank module in such a way that a
brake spring moves the brake into its closed position and, in doing so, returns the hydraulic medium
from the actuating cylinder arrangement into the tank module. If a plurality (at least two) of 2/2-way
valves is provided, the operational reliability is increased as a result of the redundancy to guarantee a

reliable “fail-safe” operation even if one of the 2/2-way valves becomes inoperative.

Excess pressures in the system are prevented by a pressure limiting valve which ensures, at an overly
large pressure, a return flow of the hydraulic medium between the pump assembly and the check
valve via a branching channel. This serves for preventing overloads of the hydraulically applied

components of the brake release device.

One arrangement accommodates a press key which operates between check valve and actuating
cylinder arrangement and which is used for controlling the pump assembly and/ or the electric drive
unit. When a certain threshold value (upper pressure threshold value) is exceeded, the electric drive
unit, and thus also the pump assembly coupled thereto, is switched off whereas when the pressure -
falls below a further threshold value (lower pressure threshold value) they are taken into operation



again to compensate for the pressure drop between the upper and lower pressure threshold values

and to keep the actuating cylinder arrangement in the release position in which it tensions a brake
spring.

In one arrangement, in which the check valve, 2/2-way valve, pressure limiting valve and/or press
key are arranged in the tank module, these elements can be protected in a particularly good way and
can optionally also be cooled in a particularly good way, namely by bathing the elements in hydraulic
liquid which dissipates the operating heat. This applies in particular to the electromagnetically

operated 2/2-way valves.

In one embodiment, all necessary control and supply lines, i.e. power and signal lines, are guided by
means of a removable, sealing cable passage via the electric drive unit through the functional
unit/the functional block into the tank module where they can then be connected to the
corresponding components. The lines can be pre-assembled in the cable passage, inserted in the
functional unit and sealed and can then be connected to the corresponding functional elements in
the tank module and be made externally accessible in the electric drive unit via a switch box. The
removable cable passage is here designed in such a way that it seals off the tank module from the

electric drive unit.

Furthermore, the invention relates to a brake arrangement having a brake release device according to

the invention.

A functional unit for such a brake release device is particularly characterized by designing it as an
integral functional block which accommodates both the cylinder support, the recess for receiving a
pump assembly and all channels which are necessary for the hydraulic functions and form a line

arrangement.

This special design has several advantages: It enables a very compact, stable and functionally reliable
design. The pump assembly, which is made e.g. as a gear pump, can therefore be arranged without a
housing of its own in the functional block which can be provided with supply openings (pump inlet)
and discharge openings (pump outlet) at suitable locations.

Since all necessary lines are formed in the functional block, sealing problems are reduced to a

minimum,



The cylinder support formed in the functional block enables a mechanically and hydraulically
effective fixation of the actuating cylinder arrangement which, on the one hand, is suitable for a
high-pressure operation and, on the other hand, reliably transmits the mechanical loads (transverse
and axial loads) into the functional block which can simultaneously take over a structural core
function of the brake release device, namely the power transmission in the installed state and in

particular in the release position.

Since all hydraulic medium-conducting lines and channels are also formed in the functional block,
the system elasticity is reduced, in particular in the pressurized lines; on the one hand, since the line
distances per se can be very short and, on the other hand, since line elasticities, which can occur in
separate, relatively flexible and elastic hydraulic lines or tubes are virtually irrelevant.

In one embodiment, the cylinder support is provided with a sealing area which surrounds the
cylinder support and which serves for connecting a tank module. This embodiment makes it
possible to provide the hydraulic medium in the vicinity of the consumer in a very space-saving and
particularly operationally reliable way since it is thus possible to realize a storage room which largely
coaxially surrounds the actuating cylinder arrangement and which supplies the hydraulic medium
directly at the functional unit which can be provided with corresponding supply openings. Separate
feed lines can be fully omitted. In addition, the hydraulic medium can also be provided in a largely
position-independent way, i.e. both with upright brake release devices and horizontal brake release

devices.

It is here also possible to realize a mechanically highly durable coupling by the intimate connection
of the tank module to the functional unit and/or the functional block. As a result, the tank module
per se can optionally also be realized as a load-receiving and/ or load-transmitting component for

transverse and conducting forces.

There is an embodiment where this is realized in a similar way for a housing assembly. Here, a
support or support area is provided and surrounds the recess for receiving the pump assembly. It is
thus possible in a particularly easy way to arrange the drive unit in a precisely adjusted position in
relation to the pump assembly. The drive housing assembly can thus also take over load-receiving
and/or load-transmitting functions without the drive unit accommodated therein having to transmit
the loads caused by the actuating forces.



In one embodiment where the actuating cylinder support is formed in a base segment of the
functional block, said base segment extending inside the sealing area, the overall length of the brake
release device can be further reduced. This base then protrudes into the tank module.

In addition, this simplifies the supply and discharge of hydraulic medium to and from the tank,
respectively. In such an embodiment, appropriate supply or discharge openings are not only limited
to openings in the tank-side end face of the base but can also be realized in openings and/or
channels exiting the side faces of the base. This is also particularly advantageous in the case of

different installation positions of a brake release device (horizontal or vertical).

In one embodiment, the relevant valve connections which are optional or required for the control of
the brake release device and in which the necessary control valves and/or measurement elements are
arranged, are formed in an end face of the base. This arrangement enables an arrangement of these
components which is easy to assemble and easy to maintain. When the tank module is removed,
they can easily be installed and removed and/ or adjusted. It is even possible, to perform certain
adjustment work on these components through appropriate (closable) openings in the tank module.
From a production-oriented point of view, this arrangement also offers advantages since all
necessary valve seats having corresponding connection threads can be formed in a clamping at the

functional block.

In one embodiment, a valve connection for receiving a check valve is provided. This check valve
serves for preventing the return flow of the hydraulic medium which is conveyed from the pump
assembly to the actuating cylinder arrangement. The check valve can be made in the seat design
which can be assembled in a particularly simple way and operates in a channel/line section which is
formed between the pump outlet and an inlet in the support of the actuating cylinder arrangement.

In one embodiment, at least one second valve support is also provided between cylinder support
and sealing area, said valve support being intended for receiving a 2/2-way valve. Such a 2/2-way
valve, which is also developed as a seat valve, guarantees in an open rest position that the hydraulic
medium can flow from the actuating cylinder arrangement back into the tank module. In an excited
state (electromagnetically actuated), it adopts its locked position and prevents a return flow, Le. it
acts as a load holding valve in a channel/line section between the actuating cylinder arrangement
and/or the check valve and the tank module. The arrangement of the valve support in this area
enables a simple connection to the valve connection of the check valve and the cylinder support via
axially or transversely extending bores.
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In another embodiment, two such valve supports are provided, each receiving a corresponding 2/2-
way valve. The redundant arrangement guarantees that, even if one of these valves becomes
inoperative, the actuating cylinder arrangement is reliably load-relieved in an emergency (open
without current) and the release device releases the brake spring and enables an application of the
brake. The two valve supports can be arranged next to each other and thus be connected in paralle]
in a particularly simple way.

In another embodiment, a fourth valve support for receiving a throttle valve is provided. Such an,
optionally adjustable, throttle valve can influence the actuating characteristics during braking via the
flow-through at the throttle valve. Such a throttle valve acts between the actuating cylinder
arrangement and one or both 2/2-way valves. It is thus possible to realize application characteristics
controlled in multifarious ways by actuating either only one or both 2/2-way valves and to realize
different and optionally adjustable flow cross-sections via the throttle valve.

There are embodiments which provide a press key support. A press key used therein receives the
pressure applied to the actuating cylinder arrangement in the hydraulic medium, outputs a switch
signal to a control unit when a certain operating pressure (threshold value) is exceeded, and said
control unit then switches off the drive motor and thus the pump assembly. When the pressure falls
below a lower threshold value, the drive, and thus the pump, is started again to compensate for the
pressure loss, e.g. caused by leakages, and to keep the actuating cylinder arrangement in its operating

position.

In another embodiment, a cable channel opening between cylinder support and sealing area as well
as between recess and housing connection passes through the functional unit. This cable channel
extends in a fully independent way from the channels forming the line arrangement and serves for
guiding control and measuring signal lines from the tank area into the drive housing assembly where
it can then be guided jointly with the connection lines for an electric motor into a connection
box/switch box. A hermetically sealed cable passage can serve for sealing purposes and is provided
with a barrier through which the hydraulic medium cannot pass.

With respect to figure 1, this figure shows in a perspective view a brake release device 1 and its main
components, namely the functional unit 100, an electric drive unit 200 and a tank module 300
through which an actuating cylinder arrangement 400 passes. Two connection lugs 202 are formed
at the bottom 201 of the electric drive unit 200. The actuating piston 401 of the actuating cylinder
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arrangement 400 passes through the cover 301, At its end, said piston also has a connection lug 402.

In figure 1, the actuating piston 401 is shown in its rest position, i.e. in its retracted position.

A connection box 201 having a line supply 201 is mounted laterally on the electric drive unit 200.
The functional unit 100 has a central flange 101, the exposed, lateral peripheral surface 102 of which

is provided with two connections 103, 104, the function and task of which are explained below.

During operation, the brake release device 1 is adjustable between the rest position as shown and an
operating position, in which the actuating piston 401 is extended. For this purpose, the brake release
device 1 is coupled to the connection lugs 402 and 202 by means of a brake lever mechanism 2, and
therefore the brake blocks are in their release position, i.e. in a non-applied position, when the
actuating piston 401 is extended. In this connection, a spring 3 acting parallel to the brake release
device 1 is tensioned and exerts a brake force on the brake lever arrangement 2 as soon as the

actuating piston 401 reaches its rest position for braking (cf. figure 7).
Figure 3 shows the inner configuration of the brake release device 1.

The functional unit 100 is formed as an integral functional block which has a flange 101 which
includes a base area having the shape of a rounded square and from which a base 105 having a

circular cross-section runs in an axial direction of the brake release device 1 (along the central axis 4)
into the tank module 300.

The electric drive unit 200 is fixed to the drive-side end face 106 of the functional block 100 via pre-
stressed anchors 302 which pass through the cover 201 and are fixed in corresponding blind holes in
the functional block 100. In this commection, the housing body 203, which has a tbular shape and
cooling fins 204 on the exterior surface thereof, is clamped between a housing connection 107
formed on the functional block 100 and the bottom 201.

On the opposite side, the tubular tank body 302 is clamped in the same way between the cover 301
and the tank-side end face 108 of the flange 101 via similar pre-stressed anchors 303. The tank body
302 also has cooling fins 304.

The base 105 here protrudes into the tank body 302 and has a sealing area 109 in the vicinity of the
traisition to the end face 108. In the sealing area, a radial seal 110 formed as an O-ring seals off the
interior of the tank body 302 on the interior surface of the tank body 302 from the surroundings.
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The cover 301 is likewise sealed via a collar 305 protruding into the tank body 302, said collar having
another radial seal 306 on the outer periphery thereof.

Arecess 111 is developed in the drive-side end face 106 of the functional block 100 centrally in the
housing connection 107, said recess serving for receiving the pump assembly 113 fixed by means of
screws 112, A receiving surface 114 is developed between the recess 111 and the housing
connection 107, said receiving surface being lowered in relation to the end face 106 and serving for
receiving a bearing carrier cover 115, which is screwed to the functional block 100 by means of
screws 116 and has a circumferential sealing chamber in the end face thereof, said chamber sealing
off the interior of the bearing carrier cover 115 from the interior of the housing body 203 of the
electric drive unit 200. In the functional block 100, the bearing carrier cover 115 forms together with
the recess 111 a chamber 117 which is rinsed with hydraulic medium. The bearing carrier cover 115
serves for receiving the input shaft 205, the pump-side end of which is received in a fixed bearing
206 formed as an antifriction bearing and the other end of which is received in the bottom 201 of
the electric drive unit 200 via a movable bearing 207 which is also formed as an antifriction bearing
and which is axially slidable via a cup spring 208. Furthermore, shaft seals 209 seal off the input
shaft 205 towards the chamber 117.

A rotor 210 which is driven via the stator windings 211 anchored in the housing body 203 is seated
on the input shaft 205 in a rotationally fixed fashion. The rotor 210 and the stator windings 211

form the electric drive motor.

The output-side end of the input shaft 205 is coupled to the input end of the pump assembly 113 via
a slot coupling 118. This slot coupling 118 serves for compensating for a small offset between the
input shaft 205 and the input end of the pump assembly 113 and represents an easy-to-assemble

coupling between the input shaft 205 and the input end of the pump assembly. It is arranged in
chamber 117.

The bearing of the drive shaft 205 of the electric drive unit 200 in the sealed bearing carrier cover
115 enables the electric motor to be operated in a dry state. Since the chamber 117 per se is rinsed
with hydraulic medium, both the antifriction bearing 206 and the slot coupling 118 are lubricated

during operation.

The pump assembly 113 is formed as an internal gear pump which axially sucks in the hydraulic
medium from chamber 117 which is supplied with hydraulic medium via the recess 111 and
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discharges it in an axial fashion (see below). Gear pumps and in particular internal gear pumps have
a very small pulsation, have a low noise level and a long service life. They can be used in pressure

ranges of about 5 to over 250 bar and enable a delivery volume of about 2 to 4 liters/min.

The actuating cylinder arrangement 400 is fixed coaxially to the recess 111 via its cylinder pipe 403
by means of an external thread 404 in a corresponding cylinder support 119 in the functional block
100 or in the base 105. The cylinder pipe 403 protrudes into the interior 307 of the tank body 302
and ends close to the inner side of the cover 301. The installation position 403 of the cylinder pipe is
fixed via a counter nut 405. The actuating piston 401 runs in the cylinder pipe 403 and the end
thereof, which protrudes into the cylinder support 119, has circumferential grooves for receiving a
guiding ring 406 and a sealing ring 407.

The opposite actuating end 408 protrudes from the cylinder pipe 403 and passes through the cover
301 to the outside. The end of the cylinder pipe 403 accommodates a groove for receiving a guiding
ring 409 and a plurality of wreathlike bores 410 for receiving an inductive sensor 411 which
monitors the position of the actuating piston 401 in the cylinder pipe 403 and detects the operating
position (extended position) of the actuating piston 401 and outputs a corresponding signal. Since
several wreathlike bores 410 are provided, the inductive sensor can be arranged, irrespective of the
installation turning position of the cylinder pipe 403, in the bore 410 where it can be provided with a

connection line in favorable fashion.

Another guiding ring 308 and a sealing ring 309 are arranged in the cover 301. The sealing ring 309
is fixed by means of a disk 310 which additionally carries a dirt wiper 311 that protects the sealing
ring 309 and the guiding ring 308 from externally penetrating abrasive substances (dust, etc.). The
disk 310 is fixed in the cover 301 by means of screws 312 (cf. figure 2).

A plurality of valve suppotts and/ or connections are provided in the tank-side end face 120 of the
base 105 in addition to the cylinder support 119 and their function is described below in conjunction
with figures 4A - 4F. These valve supports carry a plurality of functional elements which are wet by
the fluid medium and are disposed inside the interior 307 of the tank module 300 where they are
accommodated in such a way that they are well protected from external influences. The arrangement

of the valves in the end face 120 of the base 105 is illustrated in figure 6.

For the purpose of adjustment, they can be made accessible in part via screw caps 313 in the cover

301. Both the switching elements and the inductive sensor 410 are in part provided with control and



14

power connections. The associated lines are passed through the functional block 100 and into the
housing body 203 of the electric drive unit 200 from where they are guided into the connection box

201. More detailed observations are made thereon below.

During the operation of the brake release device, the pump assembly 113 is set in motion via the
electric drive unit 200, the supplied hydraulic medium is pressurized and pumped into the cylinder
support 119 where it builds up a pressure at the front end of the actuating piston 401, said pressure
pushing the piston in the cylinder pipe 403 and out of the cover 301. When the pressurized end of
the actuating piston 401 reaches the area of sensor 410, the latter outputs a signal, optionally to a
controller, which indicates the position of the actuating piston 401 and thus the operating state of
the brake release device 1 and/or a brake device actuated by it. This signal can be used for
regulating, controlling and monitoring but also for recording different operating states.

The pressure acting on the actuating piston 401 is maintained by various valves. In order to retract
the actuating piston 401, switching valves are actuated which allow the hydraulic medium volume in
the cylinder pipe 403 to flow back into the tank body 302, and the actuating piston 401 is moved
back into its rest position by external forces (brake spring).

The hydraulic control necessary for this purpose is now explained by means of figures 5A and 5B,
which show a circuit diagram. The electric drive unit 200 is connected to the pump assembly 113 via
the drive shaft 205. A hydraulic line 150 extends from the pump assembly to the actuating cylinder
arrangement 400. A check valve 152 is coupled between the actuating cylinder arrangement 400 and
the pump assembly 113, is pervious in the direction of the actuating cylinder arrangement 400 and
locks in the counter direction. The hydraulic line 150 is connected to a pressure limiting valve 151
between the check valve 152 via a branch point 160. A measurement connection 158 and a press key

156 are provided between the check valve 152 and the actuating cylinder arrangement 400.

A branch line 170 passes via a connection 155 which is either made as a free passage or optionally
contains a throttle valve 155’ (in the dashed branch), via the branches 171 and 172 to the parallel
connected, solenoid-actuated 2/2-way valves 153 and 154 opened without current. A return flow
180 flows from the 2/2-way valves into the tank module 300 which is connected to the suction end
of the pump assembly 113 via an inlet 190.

When the electric drive unit 200 is operated, the pump assembly 113 is put into operation and
conveys hydraulic medium from the tank module 300 through the check valve 152 into the actuating
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cylinder arrangement 400 where the actuating piston 401 is extended. In this connection, the 2/2-
way valves 153 and 154 are solenoid-operated (electrically excited) in their closed, locked position.

The pressure limiting valve 151 here prevents that an excessively high pressure is built up in a
continuous operation of the pump assembly. It reduces the pressure when a limit pressure is
exceeded and returns the hydraulic medium back into the tank module 300. The check valve 152
prevents the return flow of the hydraulic medium when the electric drive 200 is switched off or
when the pump assembly 113 is at a stand-still. The sensor 411 detects the position of the actuating

piston and outputs a corresponding signal.

The control is here made via the optional press key 156 which stops the electric drive unit 200 via a
controller when an upper limit pressure is exceeded and puts it in operation again when the value
drops below a lower limit pressure to keep the effective pressure at the actuating piston 401
constant. The measurement connection 158 serves for checking and monitoring the pump pressure,
e.g. via a display or control device which can also be arranged remote from the release device 1. It is

arranged in the support 103 in the lateral peripheral area 102 of the central flange 101.

In order to reduce pressure, the 2/2-way valves 153, 154 are made currentless; in doing so, they
move in spring-loaded fashion into their open position, the hydraulic medium flows out of the
actuating cylinder arrangement 400 through line 170 and 171 as well as 180 back into the tank
module 300. The redundant design of the two 2/2-way valves 153 and 154 guarantees that the
pressure is reliably reduced even in the case of a functional error of one of the two valves and the

braking action blocked by the actuating cylinder arrangement 400 reliably occurs.

Where appropriate, an optionally also adjustable throttle valve 155’ is provided instead of the free
flow-through 155. As a result, the braking characteristics, i.e. the application speed of the coupled
brake system, can be increased or reduced depending on the flow-through cross-section of the
throttle valve 155°. It is also possible to more specifically influence the braking action via a
proportional pressure limiting valve157 which operates directly between line 170 and tank module
300 (tank interior 307). The connection 104 is provided for the purpose of support (in figures 1 and
6 closed by a plug). Any braking action profiles can be realized via such a proportional valve and can
be assigned via a controller. In connection with a suitable motor managemennt, it is here also possible
to realize active braking operations by means of the same brake system. The connection 104 and/or
the valve outlet of the employed proportional valve 175 can be connected to the tank interior 307
via line 157b.
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In the embodiment shown in figure 5B, the control of the electric drive 200 and thus of pump 113 is
conducted via sensor 411 (without the press key 156) which depending on the position of the
actuating piston outputs a corresponding signal to a controller which activates or deactivates the

drive 200 in accordance with the piston position.

In the switching operation, the 2/2-way valves 153 and 154 can also be actuated separately. Thus,
three different return flow and application speeds can be realized for the brake: When the valve 15 is
switched without current (valve 154 remains closed), the full valve cross-section of the valve 153 is

available for the return flow (medium return flow/application speed I).

When the valve 154 is switched without current (valve 153 remains closed), the valve cross-section
reduced by the throttle valve 155’ upstream of the valve 154 is available for the return flow (low
return flow/ application speed II). This return flow can be adjusted by means of throttle valve 155’.

When the valves 153 and 154 are switched without current, both valve cross-sections (full cross-
section on valve 153 and reduced (optionally adjustable) cross-section on valve 154 by means of

throttle 155’) are available (increased return flow/ application speed III).

In the embodiment shown in figure 5B, the redundant provision of the two 2/2-way valves 153 and
154 also guarantees that in an emergency (e.g. power failure) the pressure is reliably reduced even in
the case of a functional failure in one of the two valves and the braking action blocked by the

actuating cylinder arrangement 400 reliably occurs.

The hydraulic lines 150, 170, 171, 172, 180, 190 and the supports for the illustrated valves and
connections are all formed in one piece in the functional block 100, as shown in figures 4A to F. In
the tank-side end face 120 of base 105 there is provided a first valve connection 152a for receiving
the check valve 152, two second valve connections 153a and 154a for receiving the 2/2-way valves
153 and 154, a third valve support 151a for receiving the pressure limiting valve 151, a fourth valve
support 155a for receiving the throttle valve 155 which can there be used optionally or alternatively
to a flow-through dummy 155. Furthermore, a support 156a for receiving the optional press key 156

is provided.

Moreover, a connection 191b which is designed as a cable channel passes through the functional
block 100, which connects the tank interior 307 to the interior of the electric drive unit 200. Here,
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the tank side is provided with a support 191a, into which a sealing cable passage 191 can be

introduced.

In addition, there is a supply line 190 from the tank interior 307, which radially cuts the recess 111
where the pump assembly 113 is disposed so as to provide hydraulic liquid for radial intake.
Similarly, the valve supports 153a and 154a, which receive the 2/2-way valves, are radially connected
to the recess 111via corresponding channels 153b and 154b. As a result, the hydraulic medium flows
indirectly via the recess 111 into the tank connection back into the tank module 300 when the
actuating piston 401 is returned.

The pressure limiting valve 151 is connected to the tank interior 307 via a line 151b opening into the
peripheral surface of base 105. An annular gap between the interior surface of the tank body 302
and the peripheral surface enables an exchange of the hydraulic medium between line 151b and the
tank interior 307.

The exemplary embodiment in figures 1, 2, 3, 6 and 7 shows a release device 1 where tank module
300 and actuating cylinder arrangement 400 are arranged coaxially in relation to the electric drive
unit 200 and the pump assembly 113.

In another embodiment (see figure 1A), the drive-side end face 106, which receives the electric drive
unit 200 and the pump assembly 113, can also be arranged at an angle, in particular at rights angles
to the tank-side end face 108 which carries the actuating cylinder arrangement 400 and the tank
module 300. In such an embodiment, the overall length is reduced and the actuating forces are then
transmitted via the actuating cylinder arrangement 400, the functional block 100’ to corresponding
connection means 202 which are then directly attached to the functional block 100°. The functional
block 100’ is here made of several parts and comprises an actuating block 100°a having a connection
surface 120°, which is provided with corresponding supports for the check valve 152, 2/2-way valves
153, 154, pressure limiting valve 151 and press key 156. A conveyor block 100’ carries the electric
drive unit 200 and the pump assembly 113. Intersections which correspond to one another are
formed in the actuating block 100°a and the conveyor block 100°b, and therefore the channels of the
line arrangement formed in the actuating block 100’a and in the conveyor block 100’b are coupled to

one another.

The following features are also concerned:
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A Functional unit (100) for a brake release device, comprising:

a recess (111) for receiving a pump assembly (113),

an actuating cylinder support (119) for receiving an actuating cylinder arrangement (400), wherein
the functional unit (100) is formed as an integral functional block where the actuating cylinder
support (119), the recess (111) and a plurality of channels (150, 160, 170, 171, 172, 180, 190) fora
hydraulic medium are developed, said channels forming a line arrangement.

B Functional unit (100) having a sealing area (109) for connecting a tank module (300), said
sealing area surrounding the actuating cylinder support (119).

C  Functional unit (100) having a housing connection (107) for receiving a drive housing

assembly (203, 201), said housing connection surrounding the recess (111).

D  Functional unit (100), wherein a bearing carrier connection (114) for receiving a bearing
carrier cover (115) is formed between the housing connection (107) and the recess (111), said

bearing carrier connection surrounding the recess.

E Functional unit (100), wherein the actuating cylinder support (119) is formed in a base area
(105) of the functional block (100), said base area extending inside the sealing area (109).

F Functional unit (100), wherein the tank module is connected to the recess (111) via a line
(190) extending parallel to a main axis (2) and to an exterior surface of the recess (111).

G Functional unit (100), wherein a first valve connection (152a) for receiving a check valve

(152) is provided between actuating cylinder support (119) and sealing area (109).

H  Functional unit (100), wherein at least one second valve support (153a; 154a) for receiving a
2/2-way valve (153; 154} is provided between the actuating cylinder support (119) and the sealing

area (109), said second valve support being connected to the line arrangement.

I Functional unit, wherein the second valve support (153a; 154a) is connected to the recess
(111) via a line (153b; 154b) extending parallel to a main axis (2).

K Functional unit (100), wherein a third valve support (151a) for receiving a pressure limiting
valve (151) is provided between the actuating cylinder support (119) and the sealing area (109).
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L Functional unit (100), wherein a fourth valve support (155a) for receiving a throttle valve
(155) is provided between the actuating cylinder support (119) and the sealing area (109).

M Functional unit (100), wherein a press key support (1562) for receiving a press key (156) is
provided between the actuating cylinder support (119) and the sealing area (109).

N Functional unit (100), wherein a cable channel (191b) opening between the actuating cylinder
support (119) and the sealing area (109) and between the recess (111) and the housing connection

(107) passes through the functional unit (100) and a support (191a) for a sealing cable passage (191)
is formed on the tank side.

O  Brake release device (1) having a functional unit (100).
P Brake arrangement having a brake release device (1).

A person skilled in the art will find further variations and embodiments of the invention in the
present disclosure within the scope of the claims.
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CLAIMS

1. An electrohydraulic brake release device (1), comprising:

an actuating cylinder arrangement (400), a tank module (300) for teceiving a hydraulic medium, an
electric drive unit (200) and a functional unit (100; 100°) having a pump assembly (113),

whetein the pump assembly (113) is atranged in a recess (111) which is formed in the functional unit
(100; 100’y and which s in communication with the tank module (300), the pump assembly is
functionally connected to the actuating cylinder arrangement (400) via a line arrangement (150, 160,
170, 171, 172, 180, 190) and is sealed off from a dty running drive motor (210, 211) of the electric

dive unit (200) by means of a bearing carrier cover (115).

2. The brake release device (1) according to claim 1, whetein a shaft (205) dtiving the pump
assembly (113) passes through the bearing carrier cover (115).

3. The brake telease device (1) according to claim 2, wherein the bearing carrier cover (115)

comprises a bearing arrangement (206) carrying the shaft (205).

4. The brake release device (1) according to claims 1, 2 ot 3, wherein the functional unit (100) is
formed as an integral functional block in which an actuating cylinder support (119) for receiving the
actuating cylinder atrangement (400), the recess (111) and the line arrangement (150, 160, 170, 171,
172, 180, 190) are formed.

5. The brake release device (1) according to claim 4, in which the actuating cylinder
arrangement (400) is detachably fixed in the actuating cylinder support (119) in force-fit fashion with
a cylinder pipe (403).

6. The brake release device (1) according to claim 4 or 5, in which the functional unit (100) has
two end faces (108, 106), wherein the tank module (300) and the actuating cylinder arrangement
(400) are arranged on one end face (108) and the electric drive unit (200) and the pump assembly
(113) ate arranged on the other end face (106).

7. The brake release device (1) according to any of claims 1 to 6, in which an outlet of the
pump assembly (113) is connected to the actuating cylinder arrangement (400) via a check valve

(152) and to the tank module (300) via a connection (170, 171; 172) branching off between check
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valve (152) and actuating cylinder arrangement (400) and at least one 2/2-way valve (153; 154)

opened without current.

8. The brake release device according to claim 7, in which first and second 2/2-way valves
(153, 154) ate provided and a throttle element (155’) is provided between the actuating cylinder
arrangement (400) and the first and/or second 2/2-way valves.

9. The brake release device according to claim 8, whetein the throttle element (155’) has an

adjustable flow cross-section.

10.  The brake release device (1) according to any of claims 7 to 9, in which the pump assembly
(113) 1s connected to the tank module (300) via a channel (160) branching off between this pump
assembly and the check valve (152) and a pressure limiting valve (151).

11. The brake release device (1) according to any of claims 7 to 10, in which a press key (156) is
arranged in operative fashion between the check valve (152) and the actuating cylinder atrangement
(400).

12, The brake release device (1) according to any of claims 7 to 11, wherein the check valve,
2/2-way valve, pressure limiting valve (151) and/or press key (156) are atranged in the tank module
(300).

13.  The brake release device (1) according to any of claims 7 to 12, in which control and/or
supply lines of the press key and/or the 2/2-way valve are passed through the functional unit (100)
into the tank module (300) via the electric drive unit (200) by means of a removable cable passage
(191).

14. A brake arrangement (2, 3) having a brake release device (1) according to any of the
preceding claims.



