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DESCRIPTION

DISC BRAKE FOR A COMMERCIAL VEHICLE

The invention relates to a disc brake, in particular pneumatically actuated, for a
vehicle, in particular for a commercial vehicle.

A generic disc brake has a floating caliper and a brake disc with a brake
application device arranged on one side, wherein the application device has a
brake lever swivellable by a brake actuator, e.g. an operating cylinder. In a braking
situation, the brake actuator presses an inner side brake pad to the brake disc.
Due to the resulting reaction force, the floating caliper moves in the opposite
direction and presses the outer brake pad to the brake disc as well. The brake
caliper is float-mounted on the brake carrier and can slide axially due to the very
limited friction force.

The friction force between the brake pads and the brake disc decelerates the
vehicle. After releasing the brake, the clamping force of the brake pads is
decreasing and the rotation of the brake disc or outer dynamic effects move the
caliper back to its initial position, when the disc brake is in a release position of the
disc brake. The position of the caliper on the brake carrier is not fixed in the initial
position, i.e. in the release position of the disc brake.

Dynamic effects due to road surface or turning maneuvers of the vehicle can result
in lateral accelerations on the floating caliper, which are able to move the caliper
on its guide bearings. These movements of the floating caliper could lead to an
unwanted contact of the brake pad(s) and the brake disc. This can result in
momentary power dissipation due to dragging of the brake. Such a residual drag
torque can cause unwanted additional fuel consumption, power loss and pad/disc
wear.

The state of the art provides several solutions to solve that problem.

The document DE 4301621 A1 describes a disc brake having a floating caliper and
expansion springs for the brake pads. The expansion spring is fixed to the brake

carrier and pushes the brake pads from the brake disc when the brake is released.
Thus the caliper is moved to its centralized or initial position. The geometry and the
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force of the spring are calculated for accurate operation independent of the wear
status of the brake pads. Due to the complicated design of the spring, the spring is
sensitive to manufacturing tolerances and deformation deriving from its handling till
the installation, from assembly and from usage. During operation of the, other
environmental effects, e.g. heat radiation of the brake parts, corrosion or other
mechanical impacts are stressing the component. The durability of the spring is
lower than the durability of the disc brake. This can require a change of the spring
together with a change of the brake pads. According to testing results the
efficiency of eliminating the drag torque is less than 100%.

DE 19903620 C1 describes a pneumatically actuated disc brake for road vehicles.
A synchronization chain drives a passive caliper position control. A caliper position
adjuster is assembled into the sliding bearing unit of the caliper, its driver gear is
connected by the synchronization chain together with the wear adjuster drive. The
correct synchronization of the caliper movement with moving other brake
components depending on their wear status is important for avoiding straining and
damaging of the parts. The position adjuster is designed for setting the caliper
position according to the half of the clearance of the pads and the brake disc. It is
assumed that the wear of the pads is equal on both sides. In case of the different
wearing of the pads, it can be possible that the adjusted caliper position is not
centered. This can result in unwanted drag torque. Another problem can be the
limited place in the sliding bearing unit for placing a spring, which is suitable for
centering the caliper in every wear case.

The object of the invention is to develop the generic disc brake to reduce wear and
costs.

The object is solved by a disc brake according to claim 1.

The object is also solved by a disc brake according to claim 17.

The invention provides a disc brake having a caliper position control unit, which is
able to eliminate or at least reduce significantly the drag and reduce wear and
costs.

According to the invention, a disc brake, in particular pneumatically actuated, for a
vehicle, in particular for a commercial vehicle, comprises a floating caliper
straddling a brake disc and float-mounted on at least one guide bearing of a
stationary brake carrier; two brake pads displaceable arranged in opposite
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direction in the caliper, wherein one inner brake pad of the two brake pads can be
pressed against the brake disc by a brake application device having at least one
brake plunger unit and a brake lever; and at least one readjusting device for
moving the caliper back to its initial position when the disc brake is in a release
position of the disc brake after braking. The readjusting device is an active caliper
position control unit comprising at least one active force generating unit, a
transmission unit, at least one spring element and a control unit.

The active caliper position control unit is advantageous by using measures for a
passive centering (e.g. by spring(s)) completed with an active position adjuster
(e.g. using an electrical controlled motor or other activator) where the measures for
the passive centering secure the releasing of the brake after braking and the
device for the active centering defines the position of the caliper on the brake
carrier.

The passive centering elements (spring elements) keep the caliper at the defined
position independently from external influences on the vehicle.

The invention provides a centering of the caliper after brake application, which can
eliminate or at least significantly reduce drag torque, and therefore, unwanted
additional fuel consumption, power loss and pad/disc wear.

This can be achieved by the centered position of the caliper, wherein the values of
both clearances between the brake pads and the brake disc are equal. In other
words, the clearances are symmetrical.

In an embodiment of the invention, the caliper position control unit is arranged at
an outer end of a guide section of a caliper head and cooperates with the
stationary brake carrier, wherein the spring element is arranged between an inner
wall of a section of a caliper back and the stationary brake carrier. The caliper
position control unit is a compact unit and can be installed easily, which reduces
costs.

In another embodiment, the at least one active force generating unit is an electric
adjuster motor, which is easy to control.

In a preferred embodiment, the active caliper position control unit further comprises
a holder, which is fixed to the adjuster motor and fixed to the guide section of the
caliper head. This solution is easy to install.
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In a further preferred embodiment, the transmission unit has an adjuster spindle
which meshes with the holder via a thread and is non-rotatably but axially
displaceable connected to a motor shaft of the adjuster motor, wherein an end
section of the adjuster spindle is in contact with a guide bolt of the guide bearing
via a pressure element. In this case, an installation space can be advantageous
limited. For this reason, the adjuster motor, the holder and the transmission unit
can be arranged coaxially to a guide axis of the guide bearing, too.

In another embodiment, the at least one active force generating unit is an electric
linear motor, which can generate a linear movement with a small amount of parts.

The active caliper position control unit further comprises a holder, which is fixed to
the linear motor and fixed to the guide section of the caliper head. A small limited
installation space can be achieved.

In a preferred embodiment an adjusting rod of the linear motor forms the
transmission unit together with a pressure element, which is arranged at an end
section of the adjusting rod and contacts the guide bolt of the guide bearing. A
small number of parts can reduce the costs of parts as well as installation time.

Alternatively, the transmission unit has a spindle drive that is designed as a ball
screw drive to transform the linear movement of the linear motor its rod into a
rotational motion. An advantage of this solution is a larger field of application.

A compact design can be achieved with an embodiment in which the linear motor,
the holder and the transmission unit are arranged coaxially to a guide axis of the
guide bearing.

In another alternative embodiment the at least one active force generating unit is
an electromagnet. This part is a standard part at low costs with high quality.

It is advantageous that the active caliper position control unit further comprises a
holder, which is fixed to the electromagnet and fixed to the guide section of the
caliper head, wherein an adjusting rod of the electromagnet forms the transmission
unit together with a pressure element, which is arranged at an end section of the
adjusting rod and contacts the guide bolt of the guide bearing. Thus a compact unit
can be achieved.
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In another alternative embodiment the at least one active force generating unit is a
fluid cylinder comprising a piston rod with a piston, wherein the piston rod forms
the transmission unit, wherein the piston rod contacts the guide bolt of the guide
bearing. The number of parts is small and the quality of such a standard fluid
cylinder is high at low costs.

In a further embodiment the disk brake comprises a wear adjuster unit, wherein the
wear adjuster unit and the active caliper position control unit comprise a common
adjuster motor and a common electric control unit, wherein the common adjuster
motor has an axial and/or radial switched gear. This is advantageous as common
parts can be used and the number of parts is small.

A simple solution to actuate the switched gear is that the axial and/or radial
switched gear of the common electric adjuster motor is switched by an
electromagnet.

According to the invention, an alternative disc brake for a vehicle, in particular for a
commercial vehicle, is provided and comprises a floating caliper straddling a brake
disc and float-mounted on at least one guide bearing of a stationary brake carrier;
two brake pads displaceable arranged in opposite direction in the caliper, wherein
one inner brake pad of the two brake pads can be pressed against the brake disc
by a brake application device having at least one brake plunger unit and a brake
lever; and at least one readjusting device for moving the caliper back to its initial
position when the disc brake is in a release position of the disc brake after braking.
The at least one readjusting device is a passive caliper position control unit
comprising two spring elements and a cylindrical member, wherein the two spring
elements are attached to the cylindrical member, which in turn is float-mounted on
the brake carrier.

In this way, a compact caliper position control unit is provided, which can be
installed into the brake carrier within a limited space.

In an embodiment each one of the two spring elements is guided by means of a
cylindrical spring guide, wherein each spring guide is respectively coaxially fixed to
an end face of the cylindrical member, and wherein an outer spring element of the
two spring elements is arranged between a caliper back and an outer end face of
the cylindrical member, and an inner spring element of the two spring elements is
arranged between a caliper head and an inner end face of the cylindrical member.
A compact unit can be achieved.
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In a further embodiment the cylindrical member is inserted into a guide section of
the brake carrier, wherein the guide section is a through hole formed into the brake
carrier in parallel with a brake disc axis, and wherein contact surfaces of the
cylindrical member and an inner wall of the guide section are provided with a high
frictional force. This solution has only a small number of parts and is easy to install.

It is advantageous that the two spring elements are provided with equal spring
forces in order to achieve a centered position of the caliper easily.

Using an active control solution provides the possibility for an optional caliper
position adjustment depending on the road conditions, vehicle speed, steering
situations etc. The active caliper position control can handle the effects of different
wear of the pads, too. Reduction potential in fuel consumption — ca. 250W power
loss reduction, equivalent to ca. 1% fuel costs (estimated for 4 brake system with a
mileage of 150 000 km) due to reduction of residual torque by avoiding unintended
pad-disc contact.

The invention will be better understood by means of the following description,
given with reference to the drawings, which illustrate the embodiments of the
invention, and in which:

Figure 1 illustrates a schematic partial cross-sectional view of a disc
brake of the invention;

Figure 2 shows a generally schematic section through the disc brake of
Figure 1 with a first embodiment of a caliper position control unit;

Figure 3 is an enlarged sectional view of the caliper position control unit
of Figure 2;
Figures4to 7 illustrate generally schematic sections through the disc brake

of Figure 1 with further embodiments of the caliper position control unit; and

Figures 8t0 9 show schematic arrangements of the caliper position control
unit in combination with a wear adjuster system.

Figure 1 shows a schematic partial cross-sectional view of a disc brake 1 of the
invention. The disc brake 1 is a part of a not shown e.g. commercial vehicle and
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has a brake disc 2 with a disc axis 2a, a brake carrier 3, a floating caliper 4, two
guide bearings 5, 6, brake pads 7, 8, and brake plunger units 9, 10.

The floating caliper 4 is mounted on the two guide bearings 5, 6 of the brake
carrier 3. Each guide bearing 5, 6 comprises a guide axis 5a, 6a, a guide bolt 5b,
6b and a sliding bearing 5c¢, 6¢. The floating caliper can slide on the sliding
bearings 5c¢, 6¢ of the guide bearings 5, 6 axially in a direction of the guide axis 5a,
6a in parallel with the disc axis 2a. The floating caliper straddles the brake disc 2,
and comprises a caliper head 4a and a caliper back 4b, which are connected by
two tension struts 4c, 4d.

There is a brake pad 7, 8 on each side of the brake disc 2. The brake pads 7, 8 are
arranged in and supported by the brake carrier 3. Each brake pad 7, 8 comprises a
backplate 7a, 8a, on which a brake lining is fixed. The brake pad 7 arranged
between the brake disc 2 and the caliper head 4a is called the inner brake pad 7,
and the other brake pad 8 between the brake disc 2 and the caliper back 4b is
called the outer brake pad 8.

Furthermore, the caliper head 4a is provided with two guide sections 4e, 4f on both
sides. Each guide section 4e, 4f of the caliper head 4a surrounds the respective
associated guide bearing 5, 6.

The caliper head 4a contains a not indicated brake application device comprising
two brake plunger units 9, 10, a crosshead 11 and a brake lever 12.

Each brake plunger unit 9, 10 has a brake plunger 9a, 10a (also called actuating
spindle). An end of each brake plunger 9a, 10a facing to the brake disc 2 is
connected to tappet 9b, 10b. The tappets 9b, 10b contact the backplate 7a of the
inner brake pad 7.

The brake plungers 9a, 10a are each provided with an external thread and
screwed into bores with internal thread of the crosshead 11. The crosshead 11 is
in contact with the brake lever 12 and can move in a direction parallel to the disc
axis 2a. The brake lever 12 is actuated by brake actuator 12a (see Figure 2), e.g. a
compressed air cylinder.

A return spring 11a is arranged between the crosshead and the caliper head 4a.
The return spring 11a exerts its force on the crosshead 11 in order to push it away
from the brake disc 2, when the disk brake 1 is released.
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One of the brake plungers 9a, 10a, here brake plunger 9a, is equipped with a wear
adjuster unit 13, inserted into the brake plunger 9a.

The two brake plungers 9a, 10a are coupled by means of a synchronisation unit 14
having a synchronisation chain 14a.

Document EP 0 566 008 A1 illustrates an example of the structure and functional
principle of a disc brake and a wear adjuster unit 13.

Furthermore, the disc brake 1 comprises at least one readjusting device for moving
the caliper 4 to its initial position when the disc brake 1 is in the release position of
the disk brake 1 (shown in Figure 1). Here, this readjusting device is designed as a
caliper position control unit 15. As the caliper 4 can slide on the guide bearings 5, 6
of the brake carrier 3 and changes its position in relation to the stationary brake
carrier 3 not only at brake actuation and releasing of the brake, but also e.g. in
case of unintended traffic situations, it can cause the so called drag torque which
creates unwanted additional fuel consumption as well as unwanted additional wear
of the brake parts. The caliper position control unit 15 can eliminate or at least
reduce these unwanted effects. The caliper position control unit 15 will be
described in detail below.

Figure 2 shows a generally schematic section through the disc brake 1 of Figure 1
with a first embodiment of the caliper position control unit 15.

When the brake actuator 12a pivots the brake lever 12, the latter acts upon the
crosshead 11, which in turn moves the brake plunger 9a, 10a towards the brake
disc 2. The tappets 9b, 10b at the ends of the brake plungers 9a, 10a are in
contact with the inner brake pad 7, which is pressed against the inner side of the
brake disc 2. Due to the resulting reaction force, the caliper 4 moves on the guide
bearings 5, 6 in the opposite direction and presses the outer brake pad 8 against
the other side of the brake disc 2. A general moving direction is indicated by the
arrow direction VR in parallel with the guide axis 5a as well as with the brake disc
axis 2.

The friction force between the brake pads 7, 8 and the brake disc 2 decelerates the
vehicle. During releasing the disc brake 1 the clamping force of the brake pads 7, 8
is decreasing, and the rotation of the brake disc 2 or other dynamic effects move
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the caliper 4 to its initial position when the disc brake 1 is in the release position of
the disc brake 1 shown in Figure 2.

In case of the initial position of the caliper 4, the caliper 4 should be in a centered
position on the brake carrier 3 so that the brake pads 7, 8 do not contact the brake
disc 2. The term “centered position” means that there is a clearance between the
brake disc 2 and the inner brake pad 7 as well as between the brake disc 2 and the
outer brake pad 8, wherein the values of these both clearances are equal. In other
words, the clearances are symmetrical.

As the caliper is usually not fixed in the release position of the disc brake 1,
dynamic effects due to road surface or turning maneuvers of the vehicle result in
lateral accelerations on the floating caliper 4, whereby the caliper 4 can be
displaced on the guide bearings 5, 6 out of its centered position. These
movements of the floating caliper 4 could lead to an unwanted contact of the brake
pads 7, 8 and the brake disc 2, which could result in momentary power dissipation
due to dragging of the disc brake 1. If the caliper 4 has not been moved into its
centered position in the release position of the disc brake 1 after brake application,
this can cause a negative effect on the residual drag torque which in turn causes
unwanted additional fuel consumption, power loss and brake pad/disc wear.

For this reason, the disc brake 1 is provided with the caliper position control unit
15.

The inner brake pad 7 is attached to the tappets 9b, 10b of the brake plungers 9a,
10a, and its movement is coupled the movement of the brake actuator 12a and the
brake lever 12.

The caliper 4 is shown in its centered position in the release position of the disc
brake 1. The guide section 4f of the caliper head 4 surrounds the associated guide
bearing 5, wherein the sliding bearing 5c¢ is arranged between a bore of the guide
section 4f and the guide bolt 5b.

The caliper position control unit 15 is arranged at an outer end of the guide section
4f of the caliper head 4a and cooperates with the stationary brake carrier 3, which
will be described in detail below.

The caliper position control unit 15 of this first embodiment is an active caliper
position control unit 15 and comprises an adjuster motor 16 as an active force
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generating unit, a holder 17, a transmission unit 18, a spring element 19 and a
control unit 20. The adjuster motor 16, holder 17 and the transmission unit 18 are
coaxially arranged to the guide axis 5a of the guide bearing 5.

The spring element 19 is arranged between an inner wall of a section of the caliper
back 4b and the stationary brake carrier 3.

The control unit 20 is connected to the adjuster motor 16 by an electroconductive
control line 20a. In another embodiment the control unit 20 can be further
connected to a not shown brake control unit.

The caliper position control unit 15 with its parts except the spring element 19 will
be now described in detail with reference to Figure 3, which is an enlarged
sectional view of the caliper position control unit 15 of Figure 2.

The adjuster motor 16 is here an electric motor and comprises a motor shaft 16a
with a flattened section 16b and a shaft end 16c¢. The flattened section 16b extends
to the shaft end 16c¢. The adjuster motor 16 is fixed on an outer plane end face 17d
of the holder 17, e.g. by screws.

The holder 17 has a central longitudinal bore 17a with an inner thread 17b. The
inner end of the holder 17 has a shoulder with an external thread and a
circumferential end face 17c¢. The holder 17 is screwed with its inner end with the
external thread into the outer end of the guide section 4f of the caliper head 4a,
wherein the circumferential face end 17b of the holder 17 contacts a
circumferential face end 5f of the guide section 4f.

The motor shaft 16a of the adjuster motor 16 faces to the brake disc 2, extends
through the bore 17a of the holder 17 and protrudes from the inner end of the
holder 17.

The transmission unit 18 comprises an adjuster spindle 21 and a pressure element
22.

The adjuster spindle 21 has an external thread 21a and is screwed with its outer
end portion into the inner thread of the bore 17a of the holder 17. The outer end of
the adjuster spindle 21 is facing to the adjuster motor 16, and an inner end of the
adjuster spindle 21 is facing to the brake disc 2.
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The adjuster spindle 21 has an inner longitudinal bore with a flattened section 21c¢
adapted to the flattened section 16b of the motor shaft 16a. The motor shaft 16a is
inserted into the adjuster spindle 21. In this way, the adjuster spindle 14 is non-
rotatably but axially displaceable connected to the motor shaft 16a of the adjuster
motor 21.

When the adjuster motor 16 is energized, the motor shaft 16a is rotating either
clockwise or counter-clockwise depending on the reversible adjuster motor. The
adjuster spindle 21 will turn in the same direction as the motor shaft 16a, and will
be accordingly axially displaced due to its thread 21b meshing with the thread of
the holder 17.

The inner end of the adjuster spindle 21 has an end section 21b, which is
connected to the pressure element 22. For this reason, the pressure element 22
has a connecting section 22a, which is inserted into the inner end section 21b.
Furthermore, the pressure element 22 has an end face with a pressure surface
22b.

A part of the adjuster spindle 21 with its end section 21b and the pressure element
22 are arranged within a hole 5d of the guide bolt 5b of the guide bearing 5. The
guide bolt 5b is stationary, because it is fixed to the brake carrier 3. The pressure
surface 22b of the pressure element 22 contacts a base 5e of the hole 5d of the
guide bolt 5b.

The installed spiral spring(s) 19 between the caliper back 4b and the brake carrier
3 at the outer side of the disc brake 1 is able to remove the outer brake pad 8 from
the disc 2 in case of releasing the disc brake and hold it in the centered position
independently from effects of the traffic situation. This outer brake pad 8 is fixed to
the caliper back 4b and moves accordingly to the caliper sliding in the direction VR.

The electrical controlled adjuster motor 16 at the inner side of the disc brake 1
controls actively the optimal caliper position by a spindle drive comprising the
adjuster spindle 21 according to the commands of the electrical control unit (ECU)
20. The transmission unit 18 forming a spindle drive has an axially sliding
connection between the motor shaft 16a of the adjuster motor 16 and the spindle
21 which can provide axially movement of the spindle 21 in the case of brake
actuation. This spindle drive is able to adjust the momentary end position of the
movement of the caliper 4 in the direction VR. The installed spring elements 19
can hold the centered position by applying a holding force that compensates the
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axial forces due to dynamic effects on the one hand, or, on the other hand, can
secure the outer clearance. Therefore the spring element 19 has a hard stop at a
defined spring range that is equal with the specified outer clearance.

To avoid a displacement due to vibrations by dynamic effects, when a spindle drive
with the adjuster spindle 21 is used to adjust the caliper 4, the adjuster spindle 21
is locked in direction of rotation by the holding torque of the active adjuster motor
16 or by a defined friction torque. The control unit 20 can evaluate the wear status
of the brake parts (brake pads 7, 8 and brake disc 2) and can calculate the optimal
position of the caliper 4 with or without measuring its real position. This means that
an algorithm of the position control can be either an open or closed loop.

In Figure 4 a generally schematic section through the disc brake 1 of Figure 1 with
a second embodiment of the caliper position control unit 15 is shown.

In the second embodiment the active element is a linear motor 23. The holder 17,
the design of the guide section 4f as well as the associated guide bearing 5 and
the spring element 19 are similar or equal to those ones of the first embodiment
shown in Figure 3. In the following, only the differences to Figure 3 are described.

An adjusting rod 23a of the linear motor 23 forms the transmission unit 18 together
with the pressure element 22. The pressure element 22 is arranged at an end
section 23b of the adjusting rod 23a and contacts the base 5e of the hole 5d of the
guide bolt 5b (as shown in Figure 3).

Here, the position of the caliper 4 is adjusted either by the linear movement of an
adjusting rod 23a of the linear motor 23 itself or by a spindle drive (not shown, but
easy to imagine) that is designed as a ball screw drive to transform the linear
movement of the linear motor 23 or its rod 23a into a rotational motion.

The linear motor 23 is connected to the control unit 20 via the control line 20a. The
control unit 20 is adapted to control the linear motor 23.

Figure 5 illustrates a generally schematic section through the disc brake 1 of
Figure 1 with a third embodiment of the caliper position control unit 15.

In this second embodiment the active element is an electromagnet 24. Also here,
the holder 17, the design of the guide section 4f as well as the associated guide
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bearing 5 and the spring element 19 are similar or equal to the first embodiment
shown in Figure 3. In the following, only the differences to Figure 3 are explained.

The electromagnet 24 has an adjusting rod 24a. The transmission unit 18
comprises the adjusting rod 24a and the pressure element 22. The adjusting rod
24a extends from within a solenoid 24b of the electromagnet 24 through the bore
17a of the holder 17. An outer end of the adjusting rod 24a contacts a spring 24c
within the electromagnet 24 at an inner base thereof.

The electromagnet 24 is connected to the control unit 20 via the control line 23a.
The solenoid 24b of the electromagnet 24 is supplied with a variable current to
generate a defined force to fix or to hold the adjusting rod 24a in different driving
situations.

In a further embodiment the caliper position control unit 15 is realized by
pneumatic elements inside the bearings. This is shown in Figure 6 in a generally
schematic section through the disc brake 1 of Figure 1 with a fourth embodiment of
the caliper position control unit 15.

In this fourth embodiment, the design of the guide section 4f as well as the
associated guide bearing 5 and the spring element 19 are similar or equal to the
first embodiment shown in Figure 3. In the following, only the differences to Figure
3 are explained.

The active member is a fluid cylinder 25 comprising a piston rod 25a, a piston 25D,
a fluid chamber 25c, a connection 25d and mounting flange 25e.

The fluid cylinder 25 is fixed by means of the flange 25e at the guide section 4f
(similar to the holder 17, see Figure 3).

The piston 25b is arranged in the fluid chamber 25¢ and attached to the piston rod
25a, which in turn is axially displaceable supported in the flange 25e. The
transmission unit 18 consists of the piston rod 25a. An end section 25f of the piston
rod 25a contacts the base 5e of the guide bolt 5b as described above.

The fluid chamber 25¢ communicates with the connection 25d to be supplied with
pressurized fluid, e.g. compressed air or hydraulic fluid.
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The fluid cylinder 25, e.g. a pneumatic cylinder, with its functional elements (piston
rod 25a, piston 25b) can be applied with pressure on an adjustable pressure level
to generate the required holding force. The outboard clearance of the disc brake 1
is secured by the spring element 19, the spring force of which is higher than the
holding force, and has a range of spring equal to the defined outboard clearance.

In non-braked driving situations the caliper 4 is kept in its centered position. After a
brake actuation the outboard clearance is adjusted by the spring element 19. The
caliper 4 is moved back into its centered position, which is kept by the holding
force of the fluid cylinder 25 and its functional elements.

Figure 7 depicts a generally schematic section through the disc brake 1 of Figure
1 with a fifth embodiment of the caliper position control unit 15.

A mechanical device alone comprising two spring elements 19, 19a and a
cylindrical member 26, realizes the fifth embodiment of the caliper position control
unit 15, which is a so called passive caliper position control unit 15.

The two spring elements 19, 19a are attached to the cylindrical member 26, which
in turn is float-mounted on the brake carrier 3. Each one of the two spring elements
19, 19a is guided by means of a cylindrical spring guide 26a, 26b. Each spring
guide 26a, 26b is respectively coaxially fixed to an end face of the cylindrical
member 26. An outer spring element 19 of the two spring elements 19, 19a is
arranged between the caliper back 4b and the outer end face of the cylindrical
member 26. An inner spring element 19a of the two spring elements 19, 19a is
arranged between the caliper head 4a and the inner end face of the cylindrical
member 26.

The cylindrical member 26 is inserted into a guide section 3a. The guide section 3a
is a through hole formed into the brake carrier 3 in parallel with the brake disc axis
2a. The contact surfaces of the cylindrical member 26 and the inner wall of the
guide section 3a are provided with a high frictional force. Due to that force, the
position of the cylindrical member 26 is kept until a certain threshold load will be
exceeded.

The two spring elements 19, 19a generate equal spring forces. The caliper position
control unit 15 moves back to the centered position after brake actuation. This
centered position is kept due to force equilibrium of the spring forces of the spring
elements 19, 19a. These spring forces are also capable to compensate axial
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forces by dynamic effects, and hence, prevent unwanted movement of the caliper
4.

In case of brake actuation the outer brake pad 8 is pressed against the outer side
of the brake disc 2 by a movement of the caliper 4 (described in detail above). This
displacement is stored within the outer spring element 19. The cylindrical member
26 is still in its initial centered position, as the spring force of the outer spring
element 19 is not sufficient enough to overcome the high frictional force. After
brake release, the stored displacement will be reset by the outer spring element
19.

The spring guides 26a, 26b have a defined clearance between their end faces and
the caliper 4.

In case of wear of the brake pads 7, 8 and brake disc 2, the displacement of the
caliper 4 is wider than the predefined distance between the spring guides 26a, 26b
and the caliper 4. The then very high axial force exceeds the frictional force of the
cylindrical member 26 in the guide section 3a, and the cylindrical member 26
moves slightly into a new position. This new position defines the new centered
position of the caliper position control unit 15 now.

The arrangement of the active caliper position control unit 15 is adaptable for
different floating caliper 4 designs. The position control of the caliper 4 can operate
independently of the other elements of the existing or associated brake systems.
The active caliper position adjustment function can be used independently of the
wear adjustment function and its operating principle, e.g. mechanical or electrical,
or it can be combined with an electrical adjuster version having an electric motor
as an active element. In this case, the application of both combined electrical
controlled functions can result in cost savings, due to the usability of some possible
common parts (e.g. ECU, power supply parts, electric motor etc.).

The combination of these functions can result in a smarter brake system. The
caliper position control unit 15 can eliminate or at least reduce residual drag torque
in driving situations, when the brake is not actuated.

In case of a combined system like described above, the evaluation of signals or
calculation results, e.g. wear status, brake pad clearance, caliper position, etc., can
be complemented with other external information e.g. road condition from the GPS
signal, steering status, etc.
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This system can calculate and optimize the momentary position of the brake
components for minimizing the cases of the disadvantageous situations (wear,
overheating, fuel consumption and other aspects). The intelligent control of the
caliper positioning and the evaluation of feedback signals can be further used for
status monitoring and functional safety for autonomous driving technologies.

Therefore, conditions that deviate from the regular states a driver would recognize
and stop the vehicle can be monitored and evaluated.

Another possible benefit considering autonomous driven commercial vehicles or
road trains can be the monitoring of the brake energy input. Input energy amounts
in case of full braking or emergency stops can be monitored and processed by the
control unit and shared with other vehicles in the autonomous driving queue or with
manned vehicles.

Figures 8 and 9 show schematic arrangements of the caliper position control unit
15 in combination with a wear adjuster unit 13.

Two variants of kinematic sketches for this kind of function combination can be
seen in Figures 8 and 9. An adjuster motor 27 and the electric control unit (ECU)
20 are common used parts of both solutions.

The first version in Figure 8 shows a solution for an axial switched gear wheel, the
second version of Figure 9 is realized with a radial switched gear.

The arrangement of Figure 8 shows the adjuster motor 27 with a drive pinion 27a
on a shaft 27b. The drive pinion 27a meshes with a pinion 13a on a shaft 13b of
the wear adjuster unit 13. In this first position, the drive pinion 27a does not mesh
with a pinion 29 on a shaft 29a of the caliper position control unit 15.

The drive pinion 27a is axially displaceable from the first position shown in Figure 8
into a second position (not shown, but easy to imagine), in which the drive pinion
27a meshes with the pinion 29 of the caliper position control unit 15. Axially
displaceable means a displacement in direction of the axis of the drive pinion 27b
and its shaft 27a.

According to the demand of the control software implemented in the control unit
20, an installed electromagnet 28 selects which units are connected to the drive
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pinion 27a of the adjuster motor 27 via switching the gear drive to the requested
position by a switch rod 28a and a connector element 28c connected to the drive
pinion 27a. Here, a spring 28c is provided, in order to shift the drive pinion 27a in
the predefined first position. Due to safety reasons the main function of the
combined unit is the wear adjuster unit 13. Therefore, this function is active when
the electromagnet 28 is not energized.

In the arrangement of Figure 29, the drive pinion 27b is radially displaceable from
its first position to its second position and back. Radially displaceable means it can
be displaced in a direction radial or rectangular to the axis of the drive pinion 27b
and the shaft 27a.

The control unit 20 is connected to the adjuster motor 27 via a control line 20b and
to the electromagnet 28 via a control line 20c. The control line 20a to connect the
caliper position control unit 15 is not shown in Figures 8 and 9, but obvious from
Figures2 and4 to 7.

The foregoing descriptions of specific embodiments of the invention have been
presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed. It is obvious that
many modifications and variations are possible. It is intended that the scope of the
invention be defined by the claims appended hereto and their equivalents.

The brake actuator 12a of the disc brake 1 can be a compressed air cylinder, i.e.
the disc brake 1 is a pneumatically actuated disc brake 1.
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CLAIMS

1. Adisc brake (1), in particular pneumatically actuated, for a vehicle, in
particular for a commercial vehicle, comprising a floating caliper (4) straddling a
brake disc (2) and float-mounted on at least one guide bearing (5, 6) of a stationary
brake carrier (3); two brake pads (7, 8) displaceable arranged in opposite direction
in the caliper (4), wherein one inner brake pad (7) of the two brake pads (7, 8) can
be pressed against the brake disc (2) by a brake application device having at least
one brake plunger unit (9, 10) and a brake lever (12); and at least one readjusting
device for moving the caliper (4) back to its initial position when the disc brake (1)
is in a release position of the disc brake (1) after braking,

characterized in that

the readjusting device is an active caliper position control unit (15) comprising at
least one active force generating unit (16, 23, 24, 25), a transmission unit (18), at
least one spring element (19) and a control unit (20).

2. The disc brake (1) according to claim 1,

characterized in that

the caliper position control unit (15) is arranged at an outer end of a guide section
(4f) of a caliper head (4a) and cooperates with the stationary brake carrier (3),
wherein the spring element (19) is arranged between an inner wall of a section of a
caliper back (4b) and the stationary brake carrier (3).

3. The disc brake (1) according to claim 2,
characterized in that
the at least one active force generating unit is an electric adjuster motor (16).

4. The disc brake (1) according to claim 3,

characterized in that

the active caliper position control unit (15) further comprises a holder (17), which is
fixed to the adjuster motor (16) and fixed to the guide section (4f) of the caliper
head (4a).

5. The disc brake (1) according to claim 4,

characterized in that

the transmission unit (18) has an adjuster spindle (21) which meshes with the
holder (17) via a thread (21a) and is non-rotatably but axially displaceable
connected to a motor shaft (16a) of the adjuster motor (21), wherein an end
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section (21b) of the adjuster spindle (21) is in contact with a guide bolt (5b, 6b) of
the guide bearing (5, 6) via a pressure element (22).

6. The disc brake (1) according to claim 5,

characterized in that

the adjuster motor (16), the holder (17) and the transmission unit (18) are arranged
coaxially to a guide axis (5a, 6a) of the guide bearing (5, 6).

7. The disc brake (1) according to claim 2,
characterized in that
the at least one active force generating unit is an electric linear motor (23).

8. The disc brake (1) according to claim 7,

characterized in that

the active caliper position control unit (15) further comprises a holder (17), which is
fixed to the linear motor (23) and fixed to the guide section (4f) of the caliper head
(4a).

9. The disc brake (1) according to claim 8,

characterized in that

an adjusting rod (23a) of the linear motor (23) forms the transmission unit (18)
together with a pressure element (22), which is arranged at an end section (23b) of
the adjusting rod (23a) and contacts the guide bolt (5b, 6a) of the guide bearing (5,
6).

10. The disc brake (1) according to claim 8,

characterized in that

the transmission unit (18) has a spindle drive that is designed as a ball screw drive
to transform the linear movement of the linear motor (23) or its rod (23a) into a
rotational motion.

11. The disc brake (1) according to claim 9 or 10,

characterized in that

the linear motor (23), the holder (17) and the transmission unit (18) are arranged
coaxially to a guide axis (5a, 6a) of the guide bearing (5, 6).

12. The disc brake (1) according to claim 2,
characterized in that
the at least one active force generating unit is an electromagnet (24).
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13. The disc brake (1) according to claim 12,

characterized in that

the active caliper position control unit (15) further comprises a holder (17), which is
fixed to the electromagnet (24) and fixed to the guide section (4f) of the caliper
head (4a), wherein an adjusting rod (24a) of the electromagnet (24) forms the
transmission unit (18) together with a pressure element (22), which is arranged at
an end section of the adjusting rod (24a) and contacts the guide bolt (5b, 6a) of the
guide bearing (5, 6).

14. The disc brake (1) according to claim 2,

characterized in that

the at least one active force generating unit is a fluid cylinder (25) comprising a
piston rod (25a) with a piston (25b), wherein the piston rod (25a) forms the
transmission unit (18), wherein the piston rod (25a) contacts the guide bolt (5b, 6a)
of the guide bearing (5, 6).

15. The disc brake (1) according to one or several of the claims 1 to 11,

the disc brake (1) further comprising a wear adjuster unit (13),

characterized in that

the wear adjuster unit (13) and the active caliper position control unit (15) comprise
a common adjuster motor (27) and a common electric control unit (20), wherein the
common adjuster motor (27) has an axial and/or radial switched gear.

16. The disc brake (1) according to claim 15,

characterized in that

the axial and/or radial switched gear of the common electric adjuster motor (27) is
switched by an electromagnet (28).

17. Adisc brake (1) for a vehicle, in particular for a commercial vehicle,
comprising a floating caliper (4) straddling a brake disc (2) and float-mounted on at
least one guide bearing (5, 6) of a stationary brake carrier (3); two brake pads (7,
8) displaceable arranged in opposite direction in the caliper (4), wherein one inner
brake pad (7) of the two brake pads (7, 8) can be pressed against the brake disc
(2) by a brake application device having at least one brake plunger unit (9, 10) and
a brake lever (12); and at least one readjusting device for moving the caliper (4)
back to its initial position when the disc brake (1) is in a release position of the disc
brake (1) after braking,

characterized in that
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the at least one readjusting device is a passive caliper position control unit (15)
comprising two spring elements (19, 19a) and a cylindrical member (26), wherein
the two spring elements (19, 19a) are attached to the cylindrical member (26),
which in turn is float-mounted on the brake carrier (3).

18. The disc brake (1) according to claim 17,

characterized in that

each one of the two spring elements (19, 19a) is guided by means of a cylindrical
spring guide (26a, 26b), wherein each spring guide (26a, 26b) is respectively
coaxially fixed to an end face of the cylindrical member (26), and wherein an outer
spring element (19) of the two spring elements (19, 19a) is arranged between a
caliper back (4b) and an outer end face of the cylindrical member (26), and an
inner spring element (19a) of the two spring elements (19, 19a) is arranged
between a caliper head (4a) and an inner end face of the cylindrical member (26).

19. The disc brake (1) according to claim 18,

characterized in that

the cylindrical member (26) is inserted into a guide section (3a) of the brake carrier
(3), wherein the guide section (3a) is a through hole formed into the brake carrier
(3) in parallel with a brake disc axis (2a), and wherein contact surfaces of the
cylindrical member (26) and an inner wall of the guide section (3a) are provided
with a high frictional force.

20. The disc brake (1) according to claim 19,
characterized in that
the two spring elements (19, 19a) are provided with equal spring forces.
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