PCT

WORLD ORGANIZATION FOR INTELLECTUAL PROPERTY
International Bureau

INTERNATIONAL APPLICATION PUBLISHED IN ACCORD WITH THE
INTERNATIONAL PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7: (11) International Publication Number: WO 00/61962
Al
F16D 65/21, 55/224, B60T 13/74 (43) International
Publication Date: October 19, 2000 (10.19.00)
(21) International Filing Number: PCT/EP00/03342 | (81) Designated States: DE, JP, US, European Patent (AT,

(22) International Filing Date: April 13, 2000 (04.13.00)

(30) Priority Data:

199 16 737.0 April 13,1999 (04.13.99) DE

(71) Applicant (for all Designated States except the US):
CONTINENTAL TEVES AG & CO. OHG (DE/DE);
Guerickestrasse 7, D-60488 Frankfurt (DE)

(72) Inventor; and

(75) Inventor/Applicant (US only): Rolf WEILER (DE/DE), Zum
Kohlwaldfeld 20, D-65817 Eppstein (DE); Jirgen BALZ
(DE/DE), Blrkenstrasse 20, D-65510 Hinstetten-
Oberlibbach (DE); Werner DENHARD (DE/DE), An den
Dippenéckern 10, D_36396 Steinau (DE); Stephan
HEIDRICH (DE/DE), Ludwigstrasse 18, D-64572
Buttelborn (DE).

(74) Joint Representative: CONTINENTAL TEVES AG & CO.
OHG,; Guerickestrasse 7, D-60488 Frankfurt (DE).

BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE).

Published
With international research report
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(57) Abstract

The invention relates to an electromechanically
actuated partially lined disk brake that can be used
both to realize a service brake and a parking brake
function. The partially lined disk brake has a caliper
(1) with an electromechanical actuator unit (8) which
clamps the partizlly lined disk brake via at least one
interposed actzator element (5, 32). The aim of the
invention is 1o provide a compact design and a parking
brake that can be electrically actuated, To this end,
the caliper (1) has a multi-step reduction gear (10)
that is arranged between the integrated actuator unit

(8) and an actuator element (5, 32). Said actuator =

unit (8), said reduction gear (10) and said actuator ]
element (5, 32) are located in a recess (12, 12°) of the EL
caliper (1) that is configured as a housing. According b
to the invention, the multi-step reduction gear (10) is
configured as a non-self-locking device, that is, it has
an overall efficiency of i > 50 %, and it is also provided
with an engageable free—wheel (44) which facilitates
switching between the operating brake and the parking
brake function.
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Partially lined disk brake with electromechanical actuator unit

The present invention relates to an electromechanically actuated partially lined disk
brake suitable that can be used both to realize a service and a parking brake function.
For this purpose, the partially lined disk brake has a brake caliper with an
electromechanical actuator unit, at least two brake linings arranged to be movable in
the brake caliper, each interacting with a friction surface of a brake disk, one of
which can be brought into engagement directly with the brake disk through the
actuator unit by means of at least one actuator element and the other brake lining
indirectly through the action of a reaction force applied by the brake caliper. A multi-
stage reduction gear is functionally provided between the actuator unit and the
actuator element, the actuator unit, the reduction gear and the actuator element being
arranged in a housing-like recess of the brake caliper.

This type of electromechanically actuated disk brake is known from EP 0 728 089
B1. The disk brake described therein has a floating brake caliper as well as an
actuator unit arranged on the brake caliper. The actuator unit has an electric motor
which, with an interposed reduction gear, adjusts an actuator element, by means of
which one of two brake linings displaceably arranged in the brake caliper is engaged
directly with a brake disk. The second brake lining also is also pressed against the
brake disk due to a reaction force acting on the brake caliper. Despite its compact
construction, this disk brake has the drawback that it can only develop a limited

braking force in both service and parking brake functions.

DE 197 32 168 C1 discloses a hydraulic vehicle brake with parking brake device, in
which a brake piston is accommodated displaceably within a hydraulic chamber of
the vehicle brake. The brake piston can be moved into an actuated position within the

brake caliper by means of hydraulic pressure in which it interacts with a brake lining

CONFIRMATION COPY
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in such a way that the brake piston presses the brake lining against a brake disk. So
that the vehicle brake also can be used as a parking brake in addition to its function
as a hydraulic service brake, a spindle/nut configuration, which is driven by an
electric motor, is arranged coaxially with the axis of the brake piston. Further, in
addition to the electric motor, a complex reduction gear is required in order to apply
the necessary clamping forces for the parking brake function. The aforementioned
vehicle brake therefore requires two independent actuation paths, viz., a hydraulic
and an electromechanical one. This requires not only a complex overall structural
design of the vehicle brake, but also a complicated method of operating or
controlling the vehicle brake.

In light of the foregoing, the task of the present invention is to specify a simply
constructed, electromechanically actuated partially lined disk brake that can be used
both as a service brake and as parking brake and that can be operated with

economically y and conveniently.

This task is realized by means of an electromechanically actuated partially lined disk
brake which has the features of patent claim 1. Accordingly, the partially lined disk
brake of the present invention comprises a brake caliper with an electromechanical
actuator unit with at least two brake linings displaceably arranged in the brake
caliper, each of which interacts with a friction surface of a brake disk and one of
which can be brought into engagement with the brake disk by means of at least one
actuator element through the actuator unit. A multi-stage reduction gear is
functionally arranged between the actuator unit and actuator element, wherein the
actuator unit, reduction gear, and actuator element are disposed in a housing-like
recess of the brake caliper. This allows a particularly compact design of the brake
caliper, wherein the brake caliper is capable of implementing both the service and
parking brake functions. The multi-stage reduction gear is, on the whole, configured

as a non-self-locking device, i.e., it exhibits an overall efficiency of n > 50%.
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Consequently, the clamping force is transmitted from the electromechanical actuator
unit to the brake linings with as little loss as possible and, hence, very efficiently.
Moreover, a switchable freewheel cooperating with the reduction gear is included.
By means of this switchable freewheel, it is possible to lock the clamped brake
caliper like a return lock in order to implement the parking brake function when
activated. In the direction of rotation of clamping of the actuator unit or non-self-
locking reduction gear, the transmission of the brake clamping force from the

actuator unit to the brake linings is unaffected.

A particularly advantageous embodiment of the partially lined disk brake is realized
in that the reduction gear comprises a rolling-element ramp-type gear. This type of
gear allows a rotary input variable to be converted into a translational output variable
while maintaining a high reduction ratio. For this purpose, the rolling-element ramp-
type gear preferably has a plurality of nested ramps arrangements, which enable a
large usable torsion angle. The translational stroke of this gear design is matched to
the respective actuation stroke of the brake piston, specifically, the translational
stroke corresponds to this actuation stroke. The rolling-element ramp-type gear
preferably comprises two ramp halves which can be twisted relative to one another;
of which, a first ramp half is coupled to the drive-side end of the electromechanical
actuator unit and a second ramp half is operatively connected to the actuator element.
During operation of the partially lined disk brake, the two ramp halves can be twisted
one against the other in order to generate the actuating stroke and transmit it to at
least one of the brake linings via the actuator element. The second ramp half, i.e., the
one that is operatively connected to the actuator element, is preferably disposed in
the brake caliper housing so as to be non-rotatable but capable of being displaced at
least by the amount of the actuating stroke of the brake lining.

According to a preferred embodiment of the invention, the switchable freewheel is

designed as a return lock that acts counter to the direction of rotation of clamping of
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the reduction gear. When the brake is clamped, the aforementioned return lock has
no effect on the functioning of the reduction gear. The non-self-locking reduction
gear is prevented from reversing only when clamped and the freewheel is locked.
The brake can thus be locked in the clamped state, and thereby secured against
release of the brake due to decreasing clamping force of the brake. To release the
brake, the locking function of the freewheel can again be cancelled by means of a

switching function when the reduction gear is rotated in the direction of release.

According to an advantageous embodiment of the invention, the multi-stage
reduction gear includes a planetary gear stage coupled to drive side of the
electromechanical actuator unit and a spur gear stage connected thereto, which
interacts with the rolling-element ramp-type gear on the output side. By means of the
planetary gear stage in connection with the spur gear stage, a particularly high
reduction ratio can be realized for the entire reduction gear despite very low spatial

requirements.

A particularly effective and easily implementable version of the partially lined disk
brake is realized according to the present invention by providing the actuator element
with a brake piston that is displaceably disposed in the brake caliper as well as at
least one brake piston operatively connected to a brake lining, which is connected to
the rolling-element ramp-type gear on the output side. Known design features of a
brake caliper with a hydraulic actuator unit may be used in regard to the overall

construction of the brake caliper.

In order to keep the translational stroke of the reduction gear constant when the
partially lined disk brake is operated, the actuator element preferably also includes an
adjusting device that is displaceably disposed in the brake caliper and that can be
extended in the clamping direction of the partially lined disk brake, where the

adjusting device is operatively connected to at least one brake lining on the one hand,
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and to the rolling-element ramp-type gear to the output side, on the other. The
extendable adjusting device takes into account the wear of the brake linings and is
extended as the wear of the brake linings progresses. Each actuating stroke of the
brake piston or the stroke of the ramp half of the rolling-element ramp-type gear
arranged displaceably in the direction of clamping in the brake caliper housing is
maintained over the entire service life of the brake. Advantageously, the adjusting
device includes a nut-spindle arrangement which interacts, on the one hand, with the
brake piston and, on the other, with the rolling-element ramp-type gear. The nut and
spindle are connected by threads so that they can be rotated in relation to one
another, wherein the spindle is connected in a torsion-free manner to the second

ramp half, which is disposed displaceably in the brake caliper housing.

According to a further advantageous embodiment of the invention, the partially lined
disk brake has a hydraulic actuator device that is independent of the
electromechanical actuator unit. Specifically, the aforementioned hydraulic actuator
device is formed by a cylinder bore in the brake caliper in connection with the brake
piston. Within such an arrangement, the hydraulic actuator device can be used for
service braking and the electromechanical actuator unit for parking braking. The two
different actuation modes can thus be specifically designed and configured for their

respective functions.

A particularly cost-effective partially lined disk brake according to the present
invention is realized in that the electromechanical actuator unit is formed by a DC or
direct current electric motor. Such electric motors are known in many designs and

can be used as a standardized component within the brake.

In a preferred embodiment of the partially lined disk brake, the electric motor has an
angular position sensor which is coupled to the rotational movement of the electric

motor, and which can be integrated in particular in the reduction gear or electric
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motor. The current motor position and motor movement with direction of rotation
and rotational speed can thus be detected at any time, and consequently provides

information about the associated actuation state of the partially lined disk brake.

According to a refinement of the invention, the reduction gear has a tool holding
fixture for attachment of an emergency actuator element. Thus, emergency actuation
of the brake, i.e., releasing or clamping, is possible in the event of a malfunction,

e.g., if insufficient electrical power is available.

An advantageous embodiment of the invention results from the fact that at least the
electromechanical actuator unit, the planetary gear, and a drive wheel of the spur
gear form a first independent subassembly, which is disposed and fixed in the
housing-like recess of the brake caliper. Further, this first subassembly can be
supplemented with other useful individual components. This module can thus easily
be preassembled outside of the brake caliper and, after insertion into the brake
caliper recess, fastened, for example, with screws. In the same way, it would be
reasonable that at least the rolling-element ramp-type gear, the switchable freewheel,
and an output gear of the spur gear form another independently manageable
subassembly. This second subassembly can also easily be preassembled and finally
fastened in the housing-like recess of the brake caliper. These subassemblies provide

a particularly easily assemblable modular design of the partially lined disk brake.

According to a preferred embodiment of the invention, the electromechanical
actuator unit, the actuator element, and the multi-stage reduction gear are disposed
and fastened within the brake caliper and sealed off against the outside by means of a
housing cover. This results, on the one hand, in a particularly compact design of the
brake caliper, and, on the other, of an installation-friendly accessibility of the

individual components of the partially lined disk brake simply by removing the
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housing cover. The housing cover prevents contamination of the individual

subassemblies, and thereby ensures the functionally reliable operation of the brake.

Further embodiment examples according to the invention are found in the figures

below and the in the corresponding sections of the description.

Shown are

Figure 1 an embodiment according to the invention of a combined brake caliper of
a partially lined disk brake for service and parking braking functions in a

partially sectioned view;

Figure 2 asectional view of the brake caliper of Figure 1 along line X-X;

Figure 3 asectional view of the brake caliper along line Y-Y in Figure 2;

Figure 4 asectional view of the brake caliper along line W-W in Figure 2;

Figure 5 an embodiment of a rolling-element ramp-type gear with a freewheel in

several partially sectioned views;

Figure 6 an embodiment of a ramp half of the rolling element ramp-type gear in

several partially sectioned views.

The combined brake caliper 1 of a partially lined disk brake shown in Figures 1-4 is
suitable for implementing both service and parking braking functions. It is designed
as a floating caliper, i.e., it is mounted displaceably in relation to the clamping
direction of the partially lined disk brake by means of guide bush 2 of a bolt guide,
not shown, on a brake holder attached to the vehicle. The brake caliper 1 overlaps
with a bridge section 3, a brake disk, not shown, as well as brake linings arranged on

both sides of the brake disk, which tribologically interact with the brake disk in a
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known manner. In this regard, one of the brake linings is connected to a brake piston
5 that is displaceably accommodated in a cylinder bore 4. The other brake lining is
connected to a brake caliper side 6 lying axially outside the vehicle axis. The actual
clamping force of the floating caliper-partially lined disk brake is transmitted in a
known manner to the inner brake lining by means of the brake piston 5 acting as an
actuator element. Due to the reaction force and the resulting displacement of the

brake caliper, the outer brake lining is then also pressed against the brake disk.

To apply the required clamping force, a hydraulic actuator device 7, on the one hand,
and an electromechanical actuator unit 8, on the other, are provided in the brake
caliper 1. The hydraulic actuator device 7 essentially comprises the cylinder bore 4
and the brake piston 5 and is usually provided for the service braking function. The
hydraulic pressure chamber formed by the cylinder bore 4 and the interior of the
brake piston 5 is sealed off from the outside by means of sealing elements 9.

The electromechanical actuator unit 8 is essentially responsible for the
implementation of the parking braking function and acts on the inner brake lining via
an interposed multi-stage reduction gear 10 and an actuator element 11. The
electromechanical actuator unit 8, together with the reduction gear 10 and the
actuator element 11, is integrated in the brake caliper 1 and arranged in a housing-
like recess 12, 12' of the brake caliper. The electromechanical actuator unit 8 is
preferably designed as an electric motor. Specifically, this should be a direct current
motor (or DC motor) which can be used in the form of a standardized motor design,
for example. Within the brake caliper 1, the electric motor 8 [sic; formerly, actuator

unit 8] is accommodated on both sides via a bearing bush 13 and a bearing plate 14.

The output side of the electric motor 8 has an actuator shaft 15 to which a sun gear
16 is attached. The sun gear 16 is part of planetary gear 17 connected to actuator unit

8, which provides a high reduction of motor speed while simultaneously increasing
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torque. The planetary gear 17 comprises a planetary carrier 18 with planetary gears
19, which engage in a ring gear 20. The ring gear 20 is either preformed with the
brake caliper or, as shown in Figures 1-4, integrated in bearing plate 14, which is
screwed together with brake caliper 1. On the output side, the planetary gear 17 is
connected to a spur gear 21, which comprises a driving wheel 22 and an output gear
23. At the same time, the speed at the output side of the planetary gear 17 is
transmitted to an angular position sensor 26 via a sensor shaft 24 with gearwheel 25.
The angular position sensor 26 is coupled to the electric motor 8, and thereby allows
the current determination of the angular position or the rotary motion of the electric
motor 8 in relation to the direction of rotation and the speed of rotation at any given
time. Finally, this provides information on the current actuating state of the brake.
The angular position sensor 26 can be implemented in a particularly simple manner
by means of a Hall sensor. For this purpose, it is generally required to have a
connection to the rotary motion of electric motor 8, so that the angular position
sensor 26 can be disposed directly on the electric motor 8 or at a suitable position on
the reduction gear 10. Due to the high speeds and thus the high resolution, the
angular position sensor 26 should be arranged as close as possible to the electric

motor 8.

The spur gear stage 21 following at the output side of planetary gear 17 causes a
further reduction in speed as well as increase in torque and is used to drive a rolling-
element ramp-type gear 27 that is arranged coaxially with the brake piston 5. The
rolling-element ramp-type gear 27 in particular comprises several highly reducing
ramp configurations which are formed onto two ramp halves 28, 29 in the form of
ramp guideways 30, in which the two ramp halves 28, 29 can be rotated relative to
one another. The ramp guideways 30 can be seen in more detail in Figure 6, using
the second ramp half 29 as an example. Preferably, they are two concentrically
nested ramp guideways 30 that are additionally shifted by 180° in their angular
position. Both ramp guideways have the same inclination. The rolling-type bearing
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elements 36, in particular balls or rolling bodies, which can roll in the ramp
guideways 30, are arranged in the ramp guideways 30. To increase the gear stroke on
the output side, it is advantageous that the ramp guideways 30 correspond to one
another on both ramp halves 28, 29. The nested arrangement of the ramp guideways
30 together with the angular displacement of ramp guideways 30, compared with
known ramp configurations, allows an additional increase in the reduction ratio of
the rolling-element ramp-type gear 27. This also is achieved through the
substantially increased twisting angle of the two ramp halves 28, 29, compared with
known ramp configurations, which is possible through the arrangement of ramp
guideways 30. Thus, useable twisting angles of up to approximately 270° can be

realized.

The first ramp half 28 is rigidly connected to the output gear 23 of the spur gear 21
and arranged with bearings 38 in brake caliper 1 via a hollow shaft 37. For this
purpose, the hollow shaft 37 with the bearing bush 39 is held rotatably in a traverse
40. The traverse 40 is of very high strength, i.e., it is preferably made of steel and is
firmly screwed to brake caliper 1. In contrast, the second ramp half 29 is torsion-
resistant, but is accommodated so that it can be displaced in the recess 12" of brake
caliper 1 in the direction of the brake piston axis 31. For this purpose, a bush 41 is
rigidly fastened in the brake caliper 1, preferably by being pressed in, and the second
ramp half 29 is in turn arranged in a torsion-proof manner on bush 41. For this
purpose, the second ramp half 29 preferably has recesses 42 on its surface which
interact with the associated beads of the bush 41. A corresponding anti-torsion
device with recesses and associated beads also can be used between the bush 41 and
the brake caliper 1. The bush 41 is preferably provided with an outer knurling 48 at
one end and is pressed into brake caliper 1 with this end in a torsion-proof manner.
However, the exact design of this anti-torsion device is not definitive for the
invention. Analogously acting anti-torsion devices, which rigidly fix the second half

of the ramp 29 in the brake caliper 1 are also possible. The two ramp halves 28, 29

10
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are pressed together by the action of a spring 43, where the rolling-type bearing

elements 36 are always held in their correct positions within the ramp guideways.

In detail, the rolling-element ramp-type gear 27 causes the rolling-type bearing
elements 36 to roll in ramp guideways 30 by twisting the two ramp halves 28, 29
against each other. This means, on the one hand, a very high speed reduction, and, on
the other hand, causes the rotary input variable (output-side speed of the spur gear
21) to be converted into a translational output variable (gear stroke) in the form of a
"rot-trans-gear". A gear stroke in the direction of the brake piston axis 31 is
generated as a translational output variable. When brake caliper 1 is clamped
electromechanically by means of actuator unit 8, this gear stroke is transmitted to
brake piston 5 by means of a mechanical adjusting device 32, which acts as an
actuator element. The gear stroke essentially corresponds to the clamping stroke of
the brake piston.

The adjusting device 32 takes into account the wear on the brake linings and
compensates for this by extending in the direction of the brake piston axis 5. Thus,
the required clamping stroke of brake piston 5, and thus the gear stroke of the
rolling-element ramp-type gear 27 can be kept constant. The adjusting device 32 is
rigidly connected to rolling-element ramp-type gear 27, on the one hand, and to
brake piston 5, on the other. It can be extended in the direction of the brake piston
axis 5 and essentially comprises a nut-spindle configuration with a spindle 33, which
is rigidly attached to the second ramp half 29, and a nut 34, which is rotatably
disposed on the spindle 33, which is supported on the brake piston 5. The nut 34 and
the spindle 33 are tensioned against one another by means of several springs 35, so
that when the brake lining wears, the adjusting device 32 is extended in the direction
of the brake piston axis 31. The basic structure of such an adjusting device 32 as well
as its function are known and will not be explained in more detail here. In regard to

further details of the adjusting device 32 with respect to construction and function,

11
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reference is made to DE 195 21 634 Al. The features of the adjusting device

mentioned there can be transferred to the adjusting device of the present invention.

In principle, the entire multi-stage reduction gear 10 with planetary gear 17, spur
gear 21, and rolling-element ramp-type gear 27 is designed to achieve a high overall
efficiency. Thus, the reduction gear 10 has an overall efficiency of n > 50%, i.e., the

reduction gear 10 is non-self-locking.

In order to implement a parking brake function when the brake is clamped
electromotively by means of the actuator unit 8, it is therefore necessary to lock
brake caliper 1 in the clamped state. This is realized by a switchable freewheel 44
that interacts with the rolling-element ramp-type gear 27. The switchable freewheel
44 is arranged between output gear 23 of spur gear 21 and the first ramp half 28. It
works like a return lock. In the rotary clamping direction of actuator unit 8 and the
reduction gear 17 or in the rotary clamping direction 50 of the first ramp half 28, the
freewheel 44 is always free and does not impede the transmission of the clamping
forces to the two brake linings, not shown. If, however, the brake caliper 1 is in the
clamped state, the reaction force resulting from the clamping force is taken up by the
rolling-element ramp-type gear 27 via brake piston 5 and adjusting device 32. As a
result of the high level of efficiency, the first ramp half 28 thereby tends to turn in
the direction of "releasing the brake." However, this is prevented by the freewheel
44. Clamping elements 46, preferably clamping rolls, each acted upon by the spring
force of a pressure spring 45, roll along a sloped guide surface 47 and jam the first
ramp half 28 with respect to brake caliper 1 or intermediate bush 41. Thus, the
rolling-element ramp-type gear 27 is fixed in place and an undesired easing of the
brake caliper 1 is prevented. The output gear 23 and the first ramp half 28 are
coupled to one another via pins 51 in terms of their rotational movement, wherein
there is slack between the output gear 23 and the first ramp half 28. The pins 51 are

fastened to the first ramp half 28 and project in the direction of the output gear 23,

12
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extending into associated recesses 52 of output gear 23 due to the aforementioned
slack , i.e., play. By means of this slack or play, freewheel 44 is locked by the
reaction force of the brake clamping force, and the brake clamping force is
maintained. This also applies when the electric motor 8 is switched off. This also

allows the parking brake function to be realized.

To release the brake caliper 1 after electromotive actuation, the actuator unit 8 is
operated in the direction of rotation of release. The reduction gear 10 thus also
causes the first ramp half 28 to turn in the direction of rotation of release 49. The
output wheel 23 with the actuator pins 53 rigidly connected thereto then rotates
slightly with respect to the first ramp half 28, which is jammed with the brake caliper
1, without initially transmitting any torque due to the clearance. This relative rotation
of output gear 23 and ramp half 28 causes the clamping elements 46 to be loosened
because actuator pins 53 extending into the first ramp half 28 push clamping
elements 46 from their locked position and release the freewheel 44. The position of
the actuator pins 53, the pins 51, the recesses 52, and the clamping elements 46 in
their locked position are matched to one another in such a way that, in order to
release the locked freewheel 44, the actuator pins 53 first come into contact with
clamping elements 46 and release the locking function before the pins 51 become
engaged with the associated recesses 52 in order to transmit torque. The switching
function of freewheel 44 thus allows the rolling-element ramp-type gear 27 to be
unlocked by operating the actuator unit 8 in the release direction of rotation, and thus
release of the brake. As can be seen from Figures 4 and 5, the number of actuator
pins 53, pins 51, clamping elements 46, and compression springs 45 is not limited to
a certain number according to the invention. The figures merely show advantageous

embodiments.

The arrangement of the electromechanical actuator unit 8 parallel to the brake piston

axis 31 allows a particularly compact design of the brake caliper 1, on the one hand,
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and the possibility of a modular design, on the other. Such a first subassembly
essentially comprises the actuator unit 8, the planetary gear 17, the bearing plate 14
with ring gear 20, the angular position sensor 26, the drive wheel 22 as well as a gear
cover 54. Due to the gear cover 54, this first subassembly can be preassembled
outside of the brake caliper 1 and finally fastened in the brake caliper 1 with
fastening screws 55. The gear cover 54 also serves to support the sensor shaft 24 and
the drive wheel 22 of the spur gear 21. Further, the electrical lines 56 for the actuator
unit 8 and the angular position sensor 26 can be guided [sic; can be guided through

the gear cover 54] as shown in Figure 3.

Further, a second subassembly comprising the rolling-element ramp-type gear 27,
the switchable freewheel 44, the output gear 23, the hollow shaft 37 with the bearing
bush 39 as well as the bearing 38 and the traverse 40 can be formed. The hollow
shaft 37 is mounted via bearing bush 39 and bearing 38 on the traverse 40. The
bearing 38 can be formed as a thrust bearing or an angular ball bearing or a shoulder
bearing in order to improve the radially effective bearing properties. This second
subassembly also can be preassembled as an independently manageable module
outside brake caliper 1. After the second subassembly is mounted in the recess 12' of
the brake caliper, screws 57 are used to attach the subassembly to the brake caliper 1
via the traverse 40. The traverse 40 and the screws 57 must be stable, since they are

used to take up the reaction force of the brake clamping force.

Finally, the brake caliper 1 is closed by a housing cover 58, which seals off the brake
caliper 1from the outside. For this purpose, the housing cover 58 has several bent
straps 59 distributed over its circumference, with which it is fastened to an associated
collar 60 on brake caliper 1. To improve the sealing effect, an additional seal 61 can
be provided between the housing cover 58 and the brake caliper 1. The electrical
supply line 62 for the actuator unit 8 and the angular position sensor 26 is also routed

through the housing cover 58.

14
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To implement a mechanical emergency actuation of the brake, e.g., in the event of a
power failure, a hole closed with a removable plug 63 is provided in housing cover
58. This hole provides access to a tool holding fixture 64 at the drive wheel 22 of the
spur gear 21. When a suitable tool is inserted in the tool holding fixture 64, the
reduction gear 10 can be rotated to release or clamp the brake. The tool holding
fixture can, of course, also be arranged at any suitable position of the reduction gear

10 or the actuator unit 8.

Although the embodiment example of the brake caliper according to the present
invention shown in the figures has both a hydraulic actuator device 7 and an
electromechanical actuator unit 8, this is not mandatory. If the actuator unit 8 and the
reduction gear 10 are sufficiently dimensioned, i.e., if sufficiently high clamping
forces can be generated, the additional hydraulic actuator device 7 can be omitted.
By means of the switchable freewheel 44, both the service and parking braking
functions can be implemented solely by means of the electromechanical actuator

unit.

15
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Claims

1. Electromechanically actuated partially lined disk brake for vehicles with a brake
caliper (1), with an electromechanical actuator unit (8), with at least two brake
linings displaceably arranged in the brake caliper (1), each cooperating with a
friction surface of a brake disk, one of which can be brought into engagement
with the brake disk indirectly by the actuator unit (8) by means of at least one
actuator element (5, 32) and the other brake lining indirectly through the action
of a reaction force applied from the brake caliper (1), and with a multi-stage
reduction gear (10) functionally arranged between the actuator unit (8) and the
actuator element (5, 32), wherein the actuator unit (8), the reduction gear (10),
and the actuator element (5, 32) are arranged in a housing-like recess (12, 12") of
brake caliper (1), characterized in that the multi-stage reduction gear (10) is
designed to be non-self-locking, i.e., with a total efficiency n > 50%, and

includes a switchable freewheel (44).

2. Partially lined brake disk according to claim 1, characterized in that the
reduction gear (10) includes a rolling element ramp-type gear (27).

3. Partially lined brake disk according to claim 2, characterized in that the rolling

element ramp-type gear (27) has a plurality of nested ramp arrangements (30).

4. Partially lined brake disk according to one of the claims 2 or 3, characterized
in that the rolling element ramp-type gear (27) has two ramp halves (28, 29)
which can be rotated relative to each other, a first ramp half of which (28) is
coupled to the output side end of the electromechanical actuator unit (8), and a
second ramp half (23) of which is operatively connected to the actuator element
(5, 32).

CONFIRMATION COPY
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10.

-2-

Partially lined brake disk according to claim 4, characterized in that the
second ramp half (23) is arranged in brake caliper (1) so as to be rotationally

rigid.

Partially lined brake disk according to one of the preceding claims,
characterized in that the switchable freewheel (44) is designed as a return lock

that acts counter to the direction of rotation of clamping.

Partially lined brake disk according to one of the preceding claims,
characterized in that the reduction gear (10) includes a planetary gear (17)

coupled to the electromechanical actuator unit (8) on the drive side.

Partially lined brake disk according to claim 7, characterized in that the
reduction gear (10) includes a spur gear (21) coupled on the drive side to the

planetary gear (17) and to the rolling element ramp gear (27) on the output side.

Partially lined brake disk according to one of the preceding claims,
characterized in that the actuator element (5, 32) has a brake piston (5)
arranged to be movable in brake caliper (1) and operatively connected to at least
one brake lining, which is coupled to the rolling element ramp gear (27) on the

output side.

Partially lined brake disk according to one of the preceding claims,
characterized in that the actuator element (5, 32) has an adjusting device (32)
displaceably arranged in the brake caliper (1) and extendable in the clamping
direction of the partially lined disk brake, which is functionally connected on
one side to at least one brake lining and on the other side is coupled to the

rolling element ramp gear (27) on the output side.

17
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11.

12.

13.

14.

15.

16.

17.

-3-

Partially lined brake disk according to claims 9 and 10, characterized in that
the adjusting device (32) includes a nut-spindle arrangement (33, 34) rotatable

relative to each other, which cooperates on one side with the brake piston (5).

Partially lined brake disk according to claims 5 and 11, characterized in that
the spindle (33) of the nut-spindle arrangement (33, 34) is rigidly connected to
the second ramp half (28).

Partially lined brake disk according to claim 9, characterized in that the
partially lined disk brake has a hydraulic actuator device (7) independent of the

electromechanical actuator unit (8).

Partially lined brake disk according to one of the preceding claims,
characterized in that the electromechanical actuator unit (8) includes a DC

electric motor.

Partially lined brake disk according to claim 14, characterized in that the
electric motor (8) has an angular position sensor (26) that is coupled to the
rotational movement of the electric motor (8) and is integrated in the electric

motor (8) or the reduction gear (10).

Partially lined brake disk according to claim 14, characterized in that the

angular position sensor (26) is preferably designed as a Hall sensor.
Partially lined brake disk according to one of the preceding claims,

characterized in that the reduction gear (10) has a tool holding fixture (64) for

mounting an emergency actuator element.

18
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18.

19.

20.

-4 -

Partially lined brake disk according to one of the preceding claims,
characterized in that at least the electromechanical actuator unit (8) as well as
the reduction gear (10) are sealed off against the outside by means of a housing

cover fastened to the brake caliper (1).

Partially lined brake disk according to claims 7 and 8, characterized in that at
least the electromechanical actuator unit (8), the planetary gear (17) and a drive
wheel (22) of the spur gear (21) form a first, independently manageable,

subassembly that is fastened in the housing-like recess (12) of the brake caliper

(1).

Partially lined brake disk according to claims 1, 2 and 8, characterized in that
at least the rolling element ramp device (27), the switchable freewheel (44), and
an output gear (23) of the spur gear (21) are designed as a second, independently
manageable, subassembly, which is fastened in the housing-like recess (12") of
the brake caliper (1).

19
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